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Abstract Grape plant (Vitis vinifera L.) is a species of the family Vitaceae. It is an economically

important fruit plant abundantly grown all over the world. Vitaceae comprised of 900 species dis-

tributed across tropical, sub-tropical and partially temperate sorts of climatic zones. In the current

study we aimed to evaluate the antioxidant activities of grape leaves extract from different Pakistani

varieties.

We have analyzed the crude methanolic extract from the leaves of Pakistani grape varieties (i.e.

NARC Black, Sundar Khani, Shogran-1, Shogran-2, Haita, Sheghali, Perlette, and Sultania-C) cul-

tivated in various soil compositions. Total phenolic contents (TPC) of the extract were determind by

using Folin-ciocalteu reagent method. Total flavonoid contents (TFC) were determind by the

Aluminum Chloride Calorimetric method. Antioxidant activities of the extracts of different

concentration were evaluated using Phosphomolybdenum method, Reducing power and DPPH

(2, 2-disphenyl-1-picryl-hydrazyl) assays. Assays performed for grape varieties showed great
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antioxidant potential. All varieties significantly depicted with variation in polyphenolic contents

and antioxidant potential with changes in the soil conditions. The highest TPC and TFC were quan-

tified in Shogran-1 97.58 ± 0.09 (GAE, g�1) and Sultania-C 97.47 ± 0.12 (mg QE/g DE) varieties

respectively which were grown in (T6) and (T5), while lower were recorded in Sundar khani

5.16 ± 0.23 in (T6). Likewise, Shogran-1 128.26 ± 0.23 (mg AAE/g extract) variety grown in

(T6) depicted highest total antioxidant capacity, NARC black 182.06 ± 0.24 (mg AAE/g extract)

variety grown in (T6) resulted in maximum reducing power while DPPH free radical scavenging

potential were determinded in Sultania-C 80.91 ± 0.10 (T4) equivalent mg/g. In the terms of bioas-

says, the promising results were showed by compost + sand + clay (T4), compost + clay + dung

(T5) and sand + clay + dung (T6). Therefore, we conclude that variation in soil composition has a

significant contribution in the quantity of phytochemicals and antioxidants expression. Our study

further suggest that use of organic fertilizer (Compost) and loamy sort of soil enhance functioning

of most of the varieties in terms of important phytochemicals.

� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Vitis vinifera L., (Grape) is an economically and medicinally
important species of the family Vitaceae (Vivier and
Pretorius, 2002). Vitaceae is comprised of 900 species dis-
tributed across tropical, sub-tropical and partially temperate

sorts of climatic zones (Zafar et al., 2019). In Pakistan various
grape varieties are cultivated for commercial purposes.
Kishmish, Shogran-1, Shogran-2, NARC-Black, Flame

Tokay, King Ruby, Perlette, Red Globe, Sultania-C, Thomson
Seedless, Early White, Haita, Sundar Khani, Sheghali, Gola,
Muscat and Hambourg are among the important table grape

varieties grown here (Akram et al., 2020).
In Pakistan, Grapevines are grown over 15,360-hectare

land with a production of 66,036 tons in 2014. Over 70% of

the grapes are grown in the districts of Quetta, Kalat, Loralai,
Pishin, Killa Saifullah, Chaghi, Zhob and Mastung in
Balochistan province; district Bajaur, Chitral, Charsadda,
Nowshera and Orakzai in the Khyber Pakhtunkhwa and the

Potohar region of Punjab provience. (Akram et al., 2019). In
Pakistan, it is ranked amongst the 10th top commercial fruits
(Jaskani et al., 2008). In grape production, Balochistan is the

leading province of Pakistan followed by Khyber Pakh-
tunkhwa, Punjab, and Sindh respectively. Overall grapes pro-
duction, 87% of grapes are used as table grapes while the

remaining 13% is used in kismish production (Aujla et al.,
2011). The world’s total grapes production during 2018–19
was 22.15 million metric tons (Sirohi et al., 2020). Italy, France

and Spain are the top leading countries in grape production
throughout the globe with 27 million tons (Scoma et al., 2016).

The climate has a significant role in in the distribution of
grapevines diversity. Soil, variables (Carey et al., 2008a) also

play significant role in the production as well as quality of
grapes. They shaps the physical characteristics of grapes such
as color, fragrance, size and maturity. These environmental

factors also change the biochemical composition such as Total
Soluble Solids (TSS), Sugars, acids and anthocyanins etc in
various parts of grape (Carey et al., 2008b). Similarly, rainfall

pattern directly influence vine growth, vigor and hence affect
the accumulation components i.e. acids, sugars and phenolic
in grape berries (González-Fernández et al., 2012). In short,
abiotic and biotic factors have a significant effect on the nutri-

tional composition of grapes (Ahmad et al., 2004).
Numbers of in vitro and in vivo studies proposed plant phe-
nolic compounds as functional ingredients to reduce oxidative

stress (Lin et al., 2016). Flavonoids are more powerful than
ascorbic acid among the four main phenolic subgroups as free
radicals with capacity to reduce oxidative stress (Nahak et al.,

2014). Therefore, an exploration of phenolic compounds from
low toxic natural products is required at a broad scale, that
offer medicinal benefits in the form of antioxidants.

In recent decades researchers have been made an important
progress in the biological activities of different grape-derived
ingredients apart from the chemistry of grape compounds.
Nowadays, it is a topic of extensive discussion that other parts

of the grapes are major sources of many phytochemicals in
addition to being consumed as a fruit alone (Tadapaneni,
2010). Grape seed oil contains large amounts of phenols, toco-

pherols, sterols and various other biologically active con-
stituents (Duba and Fiori, 2015). They have an important
contribution to various biological processes and used for their

antioxidant properties at broad scale (Rombaut et al., 2015).
Grapevines have tremendous nutraceutical potential and

hence considered an important source of phenolic compounds

(Babbar et al., 2015). Phenolics have a significant role in the
field of medicine, health and nutrition due to their anticarcino-
genic, antimutagenic, antiatherogenic, antiallergic, antiulcer,
antimicrobial, antiarthritic, anti-inflammatory and very

importantly their antioxidant activities (Doshi et al., 2006).
The flavonoids which naturally occur in grapevine berries
and seeds belong to the group of flavanols and anthocyanins

(Adams, 2006).
The antioxidant activity assessment methods focused on the

inactivity process which are divided into reaction-driven meth-

ods for electron transfer (ET) and hydrogen atom transfer
(HAT). The process and efficacy of antioxidants are two major
factors deciding the bond dissociation energy and the ioniza-

tion potential (Karadag et al., 2009). The methods based on
HAT are used to calculate the ability of a non-scavenging
antioxidant to form stable compounds through donation of
hydrogen. SET-based methods calculate an antioxidant’s abil-

ity to transmit one compound, including metals, free radicals
and carbonyls to oxidize (Karadag et al., 2009). Moreover,
few methods like DPPH and ABTS {2,2’–azi nobis-(3-ethyl-b

enzothiazoline-6-sulphonic acid)} are involved both in the
HAT and SET mechanisms (Prior et al., 2005).

http://creativecommons.org/licenses/by-nc-nd/4.0/
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Literature shows that there is no comprehensive study
available on the evalutation of biochemical assays on the
leaves of Pakistani grape varieties (Abdullah et al., 2021).

Therefore, we hypothesized that the Pakistani grape varieties
may have a tremendous phytochemical and antioxidant poten-
tial and it may vary with variation in the soil composition.

Keeping in mind this hypothesis we have evaluated the antiox-
idant activities of grape leaves extract from different Pakistani
varieties grown in various soil compositions. The extracts were

evaluated for total phenolic compounds, flavonoids, antioxi-
dants capacity, total reducing power and DPPH free radical
assays. The study also evaluate better performance in relation
to different sorts of soil.

2. Materials and methods

2.1. Experimental layout/design

Cutting of different varieties of Vitis vinifera (Grape) i.e.,

NARC Black, Sundar Khani, Shogran-1, Shogran-2, Haita,
Sheghali, Perlette, and Sultania-C were collected from differ-
ent areas of Pakistan. A total of 240 cuttings were grown in

six different types of soil compositions i.e., Compost (T1),
Compost + Sand (T2) 1:1, Compost + Clay (T3) 1:1,
Compost + Sand + Clay (T4) 1:1:1, Compost + Clay + D

ung (T5) 1:1:1, Sand + Clay + Dung (T6) 1:1:1. The experi-
mental work on leaves were started after 2 months of cultiva-
tion. The ratio of Compost, Sand, Clay, Dung were equaly

added in respective treatment as described (Table 1).

2.2. Sample preparation

Leaves were collected in replicates before one week of the

experiment. Leaves were air dried and crushed into fine pow-
der via mortar and pestle. 20 mg of dried powder was taken
in Eppendorf tube and extracted in 1ml of methanol. For

extraction process, the Eppendorf were sonicated at 25 MHz
for 15 min in ultrasonic sonicator. Samples centrifugations
were carried out at 13000 rpm for 5 minutes. The pellets were

removed while the supernatants were collected in Eppendorf
for further analyses (Clarke et al., 2013).

2.2.1. Evaluation of total phenolic contents (TPC)

TPC was assessed by using folin-reagent according to the stan-
dard protocol devsied by Clarke et al., 2013. A 20ml of leaf
extract was added to the microplate well and 90ml of folin–cio-
calteu reagent was added to the plant sample and incubated for
5 min. After 5 minutes, 90ml Na2CO3 of 6% was added to
Table 1 Study design showing six different types/composi-

tions of soil (Treatments 1–6) where the selected grape varieties

were grown.

Full name Abrrevations Denoted by Ratio

Compost C T1 1

Compost + Sand CS T2 1:1

Compost + Clay CC T3 1:1

Compost + Sand + Clay CSC T4 1:1:1

Compost + Clay + Dung CCD T5 1:1:1

Sand + Clay + Dung SCD T6 1:1:1
wells. The negative control of experiment was taken 20 ml of
DMSO and positive control was taken 25, 12.5, 6.25,
3.125 mg/ml final concentration of Gallic acid (GAE, g-1 DE)

respectively. After the complete process samples were read
out on 630 nm wavelength using Microplate Reader (Bio
Tek 800 TS). Calculations were made is gallic acid equivalent

per gram of dry extract.

2.2.2. Determination of total flavonoid contents (TFC)

TFC were determined via Aluminum Chloride Calorimetric

techniques (Fatima et al., 2015) using 4 mg/ml quercetin in
DMSO as standard. Briefly, 20ml extract was added in 96 well
plates and then 10ml of 10% of Aluminium chloride and 1 M

Potassium acetate (CH3CO2K) solutions were added. Solution
was finally diluted with 160ml of distilled water. Samples were
incubated for 30 minutes before taking absorbance at a wave-

length of 405 nm over a Microplate Reader (Bio Tek 800 TS).
Quercetin and DMSO were used as standards. Results in
microgram equivalent per gram of extract (mg QE/ g extract).

2.2.3. Total antioxidants capacity

TAC was evaluated through the Phospho-molybdenum
method as described by Banerjee and Narendhirakannan,

2011. A 100 ll plant sample was added to the eppendrof tube,
followed by a 900 ll TAC reagent and incubated at 95 �C for
90 min in the water bath. Samples were cooled down at room
temperature and 200ll of the reaction mixture was moved to

96 well plates and calculated at 630 nm on the microplate
reader. DMSO as negative control was used. Antioxidant
potential was measured in mg ascorbic acid equivalent/g extract

(mg/g) positive control was 50ll of 1mg/ml of Ascorbic acid
stock solution.

2.2.4. Total reducing power (TRP)

TRP for each extract was determined via a standard protocol
described by Mannan et al., 2012) Plant sample of 200ll was
mixed with 100ll of 0.2M phosphate buffer (pH 6.6) in the

Eppendorf tube, followed by 250ll of 1% Potassium Ferri-
cyanide and then incubated for 20 minutes at 50 �C. 10% of
Trichloroacetic acid solution with an amount of 200ll was

put up into the mixture and then centrifuged for 10min at
3000 rpm. In the last step 50ll, Ferric Chloride with a concen-
tration of 0.1% was taken into 96 well plates and properly
mixed with 150ll supernatants. The readings were taken at a

630 nm wavelength using a microplate reader. 100ll of
1mg/ml of Ascorbic acid stock solution was taken as a positive
control.

2.2.5. DPPH free radical scavenging activity

DPPH was determined by using the protocol devised by
Clarke et al., 2013. Plant sample with an amount of 10ml was
taken in respective wells of 96 microplates and then followed
via 190ml of DPPH reagents to the sample of plant extract to
make 200ml final volume and incubated at 37 �C for 1 h. Ascor-

bic acid (50, 16.66, 5.55, 1.83lg /ml) was used as a positive
control and 10ll of the respective solvent as a negative control.
Sample absorbance was examined at 517nm wavelength using

microplate reader equipment. The calculation of the scaveng-
ing activity was done via the following equation.

%Scavenging ¼ ð1�As=AcÞ � 100



Fig. 1 The blue colour show the presence of phenolics contents

(Tadapaneni, 2010).
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Note: (As is the absorbance of sample and Ac is the absor-
bance of control).

2.3. Statistical analysis

The data are presented as percentage mean ± SD (Standard
deviation). Coefficient of correlation was calculated for intra-

group variations by using R studio. The significant variation
between different groups was calculated through Analysis of
Variance (ANOVA) with (p<0.05) considered as a statistical

significance.

3. Results and discussion

3.1. Antioxidant activities

The current study revealed that grape leaves are the best
sources of phenolics and flavonoids alongside its fruits but
there are also variations in their concentration among different
varieties cultivated in different types of soilregime. A higher

quantity of TPC was recorded in different varieties i.e.
Shogran-1, NARC black and Shogran-2 respectively (97.58
± 0.09; 97.38 ± 0.06 and 95.32 ± 0.07) respectively in T6 soil

type while lower was recorded in Sundar Khani (29.28 ± 1.06)
GAE, g�1 in T6. Leaves of V. amurensis having a rich amount
of overall polyphenols and flavan-3-ols, as well as a significant

quantity of flavanols, and flavanonols. V. amurensis leaves are
also widely used in traditional Chinese medicine (TCM) and
Korean herbal pharmacopeia (KHP) (Chen et al., 2018) since

ancient times. Similar results to our findings documented by
González-Centeno et al., 2012, that the grape stem examined
as a good source of total phenolic contents. The current study
elaborated that the soil which has low water holding capacity

results in lower phenolic contents in the plants leaves (Table 2;
Fig. 1). Król et al., 2015 reported that stress conditions (cold,
water and temperature) decreases the phenolic contents in

stress-sensitive grape varieties. Many studies revealed that abi-
otic stresses decrease the formation of phenolic contents in
plant tissues, e.g. soyabean seedlings (Swigonska et al.,

2014). The current results extricate that phenolic contents
depend on soil conditions. A similar report has also been
obtained by (Yang et al., 2009) investigating that both agro-
nomic, genomic and climatic drivers play an important role

in the concentration of phenolic contents and nutritional prop-
erties. According to Kedrina-Okutan et al., 2018, twenty phe-
nolics compounds were described in two species of Asian
Table 2 Determination of total phenolic contents (GAE, g�1) of g

VR C(T1) CS(T2) CC(T3)

NB

SK

S1

S2

Ht

ShG

Pt

SC

58.48 ± 0.09

57.11 ± 0.04

55.14 ± 0.04

55.58 ± 0.03

54.70 ± 0.02

54.23 ± 0.04

0.00

57.66 ± 0.02

56.12 ± 0.03

55.71 ± 0.02

55.90 ± 0.03

54.67 ± 0.02

55.51 ± 0.04

52.74 ± 0.01

54.06 ± 0.01

56.24 ± 0.01

63.90 ± 0.31

65.88 ± 0.27

63.35 ± 0.29

74.54 ± 0.37

73.26 ± 0.30

73.54 ± 0.31

72.86 ± 0.23

77.46 ± 0.35

Note: NARC Black (NB), Sundar Khani (SK), Shogran-1 (S1), Shogran-
origin, 27 in American and hybrids and 18 in the wild species

of V. sylvestris. They have also elaborated that the identified
compounds belong to the groups of phenolic acid, flavanols,
flavan-3-ols, flavanonols, flavones and proanthocyanidins. In

the current era, there is dual concepts about the role and uses
of Vitis species polyphenolics compositions which is very
important scientific interest, to describe the health benefits of
grape leaves that may be useful in the pharmaceutical,

nutraceutical as well as to know about their involvement in
grapevines defence mechanisms (Kedrina-Okutan et al., 2019).

The metabolic compositions play crucial roles in the quali-

ties of various grape products (Georgiev et al., 2014). Flavo-
noids represent a widespread and common group of natural
polyphenols produced by the phenylpropanoid pathway

(Ananga et al., 2013, Vogt, 2010). As many studies cover that
it also protects from UV rediations, determine coloration of
flowers, attract the pollinators as well as tissue protector in

case of any external pathogenic attacks (Harborne and
Williams, 2000). Primarily, flavonoids of grapes are available
in the skin of grape berries and seeds (Waterhouse, 2002,
Bogs et al., 2007, Dixon, 2005, Lepiniec et al., 2006). Flavo-

noids are the major contributors of biological activities and
are considered as centre groups of soluble phenolics in grapes
(Conde et al., 2007).
rape varieties grown in different soil compositions.

CSC(T4) CCD(T5) SCD(T6)

88.40 ± 0.12

93.73 ± 0.13

86.20 ± 0.09

85.30 ± 0.09

91.08 ± 0.12

90.00 ± 0.06

88.60 ± 0.07

83.52 ± 0.01

79.50 ± 0.40

76.89 ± 0.40

77.90 ± 0.34

78.03 ± 0.32

83.74 ± 0.48

82.36 ± 0.46

81.01 ± 0.48

81.72 ± 0.46

97.38 ± 0.06

29.28 ± 1.06

97.58 ± 0.09

95.32 ± 0.07

92.61 ± 0.07

82.11 ± 0.41

78.97 ± 0.47

78.25 ± 0.69

2 (S2), Haita (Ht), Sheghali (ShG), Perlette (Pt) and Sultania-C (SC).



Fig. 2 The yellow colour indicate that flavaonoids are present in

the extract (Katz et al., 2011).
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Present study revealed that grapes in terms of TFC have
higher contents in the leaves of the variety Sultania-C (97.47
± 0.12) had highest concentration of TFC in T5 while lower

was reported for Sundar Khani (5.16 ± 0.23) mg QE/g DE in
T1 (Table 3; Fig. 2). Our results are in coherence with the pre-
vious literature where the grape leaf sample was rich in the

amount of total flavonoid. Among the flavonoid, flavanol con-
tents were in the highest concentration and the flavan-3-ols
contents were the least (Doshi et al., 2006). However, it is crit-

ically examined and well documented that the flavonoids show
various antioxidants potential and well described its role in
human health and nutrition (Haq et al., 2012). The bioavail-
ability of flavonoids in plants is present along with sugar mole-

cules (Glycosides), although they rarely occur in the form of
aglycones (Ross and Kasum, 2002). Additionally, some of
the flavonoids i.e., pro-anthocyanidins and Flavan-3-ols, are

not absorbed completely and reach the plant circulatory sys-
tem owing to their glycoside conjugates (Donovan et al.,
2006). Flavonoids safeguard against the overproduction of

reactive oxygen species (ROS) that accumulate as a oxidative
stress to upsets the balance of oxidants and antioxidants (Ku
et al., 2020). Oxidative stress lead towards the destruction of

biomolecules i.e., proteins, nucleic acid and lipids in the cells,
and mainly related to diabetes hepatocellular damage,
atherosclerosis and cancers (Lin and Beal, 2006, Petros et al.,
2005, Kattoor et al., 2017).

Antioxidants are the ingredients that have the ability, even
in fewer quantities, to block or overcome the oxidative destruc-
tion (Balı́k et al., 2009). The inhibition of autooxidation and

analyses of chemical principles of antioxidant activity assays
are dependent upon the reactions involved. These essays are
grouped into two types (i) based on the transfer of atomic

hydrogen (HAT) reactions, and (ii) electron transfer (ET)
(Huang et al., 2005). Currently, this study also shed a light
on Total Antioxidants Capacity (TAC). Our results revealed

that grape varieties having higher phenolic, flavonoids and
antioxidants capacity. Comparatively, TAC was highest in
Shogran-1 (128.26 ± 0.23) grown in T6 soil type while lower
was recorded in Sundar Khani (37.23 ± 0.72) mg AAE/g

extract cultiavated in T6 (Table 4; Fig. 3). Our findings are
in similarity with those of who documented that leaves of
grape varieties shown higher phenolic contents with higher

antioxidants potential.
Reducing power depends upon the ability of electron trans-

fer and may therefore, act as a prominent indicater for its

antioxidant potential (Koruthu et al., 2011). TRP of grape
leaves were also assesed in this study. Over all higher reducing
power was recorded for each grape variety but still differenti-
Table 3 Determination of Total Flavonoids Contents (mg QE/ g D

VR C(T1) CS(T2) CC(T3)

NB

SK

S1

S2

Ht

ShG

Pt

SC

81.52 ± 0.30

5.16 ± 0.23

78.14 ± 0.27

83.63 ± 0.04

17.86 ± 0.05

94.00 ± 0.21

0.000.00

95.58 ± 0.27

97.14 ± 0.20

79.17 ± 0.36

87.87 ± 0.40

87.39 ± 0.34

88.18 ± 0.46

85.30 ± 0.43

80.51 ± 0.28

78.34 ± 0.33

85.28 ± 0.17

84.42 ± 0.28

76.53 ± 0.15

96.09 ± 0.13

91.41 ± 0.08

96.68 ± 0.10

74.97 ± 0.26

94.19 ± 0.06
ation was measured with variation in soil compositions
(Table 5; Fig. 4). The TRP was maximum in NARC black
variety (182.06 ± 0.24) in T2 while the lowest was estimated

in Sundar Khani (62.96 ± 1.00) mg AAE/g extract in T6. Sim-
ilar results were obtained by (Doshi et al., 2006) that grapes
leaves extract also has the ability to reduce compounds that

involve in oxidation reactions. The results of (Aouey et al.,
2016) reflected that the activity of reducing power also
depended on the concentration of extract with a comparison

of ascorbic acid standard.
The radical scavenging assay of DPPH has continuously

been applied to assess the scavenging capacity of antioxidants

molecules and is believed one of the easy and standard colori-
metric techniques to investigate the antioxidants qualities of
pure and natural compounds (Mishra et al., 2012). DPPH is
one of the stable radicals in solution and appears purple in col-

our, after receiving H+ atom from a molecule with a scaveng-
ing capacity i.e., antioxidant. In this case, the purple colour
changes to yellow and the reduction of DPPH* to DPPH2

occurred with deacsrese in absorbance at 515 nm (Cheng
et al., 2006). and its colourbecome yellow. The current results
have also shown a higher DPPH activity in different grapes

varieties grown in different soil compositions. Somewhat fluc-
tuations in DPPH quantity were found to be correlated with
E) of grape varieties in different soil types.

CSC(T4) CCD(T5) SCD(T6)

92.35 ± 0.08

87.54 ± 0.13

93.76 ± 0.09

88.72 ± 0.16

90.51 ± 0.10

87.10 ± 0.06

88.55 ± 0.09

85.25 ± 0.03

93.29 ± 0.05

93.91 ± 0.16

92.37 ± 0.13

85.87 ± 0.01

79.45 ± 0.33

88.66 ± 0.05

94.39 ± 0.13

97.47 ± 0.12

77.50 ± 0.31

30.33 ± 0.93

94.88 ± 0.07

92.68 ± 0.19

91.23 ± 0.14

89.17 ± 0.45

72.58 ± 0.73

57.44 ± 0.80



Table 4 Determination of total antioxidants capacity (mg AAE/g extract) of grape varieties in different soil.

VR C(T1) CS(T2) CC(T3) CSC(T4) CCD(T5) SCD(T6)

NB

SK

S1

S2

Ht

ShG

Pt

SC

88.43 ± 0.11

99.28 ± 0.21

91.24 ± 0.02

73.10 ± 0.12

68.45 ± 0.10

78.79 ± 0.09

00000

82.84 ± 0.16

71.30 ± 0.39

73.27 ± 0.39

68.92 ± 0.33

64.54 ± 0.31

60.89 ± 0.28

49.51 ± 0.29

66.41 ± 0.24

65.24 ± 0.25

78.56 ± 0.02

71.16 ± 0.10

61.36 ± 0.22

94.93 ± 0.17

87.76 ± 0.13

87.70 ± 0.27

73.51 ± 0.25

74.08 ± 0.49

111.89 ± 0.09

114.24 ± 0.02

110.45 ± 0.02

102.25 ± 0.15

98.41 ± 0.23

106.20 ± 0.17

106.14 ± 0.14

104.10 ± 0.13

99.98 ± 0.19

99.18 ± 0.28

111.59 ± 0.11

115.07 ± 0.14

116.24 ± 0.05

122.37 ± 0.07

105.84 ± 0.07

114.70 ± 0.12

104.33 ± 0.07

37.23 ± 0.72

128.26 ± 0.23

121.23 ± 0.01

120.93 ± 0.14

122.35 ± 0.009

122.23 ± 0.07

108.53 ± 0.13

Fig. 3 The dark blue colour show the activity of antioxidants

compounds (https://www.jaica.com/e/products_antioxidant_pao_

kit.html)

Fig. 4 Navy blue colour is the indication of reducing power

(Xiao et al., 2020).

6 Y. Khan et al.
the soil compositions. In some fractions of grapevine shown
the most effective DPPH radical scavenging activities (Table 6;
Fig. 5). Higher DPPH activity was investigated in Sultania-C

(80.91 ± 0.10) % Scavenging in T4 while lower was recorded
in Sultania-C (52.03 ± 0.04) in T6. Similar findings to our
results reported by Orhan et al., 2009, that antioxidant activity
of different fractions of grapevine leaves shown the most effec-
Table 5 Determination of total reducing power (mg AAE/g extract

VR C(T1) CS(T2) CC(T3)

NB

SK

S1

S2

Ht

ShG

Pt

SC

167.67 ± 0.15

167.78 ± 0.06

167.83 ± 0.07

172.78 ± 0.01

162.51 ± 0.25

159.18 ± 0.25

0.00

172.62 ± 0.02

182.06 ± 0.24

170.47 ± 0.02

167.09 ± 0.11

169.52 ± 0.02

167.64 ± 0.06

163.17 ± 0.11

166.61 ± 0.16

171.74 ± 0.02

168.91 ± 0.03

162.33 ± 0.18

163.86 ± 0.12

165.13 ± 0.17

163.44 ± 0.19

162.54 ± 0.18

169.60 ± 0.08

171.08 ± 0.05
tive DPPH radical scavenging activities. On the other hand,
(Brand-Williams et al., 1995) documented that antioxidants
induced the reductions of radical scavenging activities such

DPPH determined by the decline value of absorbance at
520 nm. Furthermore, V. coignetiae (the Asian wild species)
has been grown for the last two centuries. These species are

used for wine, jam, and juice production in Japan (Kamiya
et al., 2018). Leaf extraction of this species reflected a higher
radical scavenging activity and potential hepato-protective
effects on the non-alcoholic steatohepatitis of the liver

(Takayama et al., 2009). So its proved that antioxidants com-
) of grape varieties in different soil.

CSC(T4) CCD(T5) SCD(T6)

168.28 ± 0.12

162.64 ± 0.13

164.84 ± 0.20

160.82 ± 0.23

153.52 ± 0.20

151.96 ± 0.28

122.62 ± 0.88

145.55 ± 0.37

156.58 ± 0.20

149.12 ± 0.19

149.79 ± 0.10

155.08 ± 0.15

159.04 ± 0.05

162.19 ± 0.16

152.30 ± 0.13

160.95 ± 0.20

165.42 ± 0.07

62.96 ± 1.00

162.56 ± 0.14

161.06 ± 0.01

160.24 ± 0.13

171.21 ± 0.05

164.92 ± 0.21

166.08 ± 0.06



Table 6 Determination of Free Radical (DPPH) %; Scavenging of grape varieties grown in different soil composition.

VR C(T1) CS(T2) CC(T3) CSC(T4) CCD(T5) SCD(T6)

NB

SK

S1

S2

Ht

ShG

Pt

SC

54.89 ± 0.11

65.70 ± 0.02

61.03 ± 0.04

63.28 ± 0.05

57.67 ± 0.10

63.67 ± 0.06

0.00

55.85 ± 0.04

63.74 ± 0.04

64.17 ± 0.06

57.10 ± 0.02

68.31 ± 0.02

59.78 ± 0.05

55.10 ± 0.08

54.96 ± 0.08

55.14 ± 0.04

61.99 ± 0.11

67.88 ± 0.03

57.39 ± 0.11

69.77 ± 0.18

68.59 ± 0.03

58.49 ± 0.04

57.03 ± 0.07

55.07 ± 0.05

56.75 ± 0.06

56.82 ± 0.01

62.10 ± 0.12

54.60 ± 0.08

66.38 ± 0.09

66.88 ± 0.06

68.17 ± 0.04

80.91 ± 0.10

61.06 ± 0.13

62.96 ± 0.03

59.71 ± 0.09

59.85 ± 0.07

65.99 ± 0.12

66.56 ± 0.06

62.13 ± 0.09

54.82 ± 0.13

71.91 ± 0.18

52.68 ± 0.10

54.50 ± 0.10

55.85 ± 0.03

59.10 ± 0.02

62.74 ± 0.08

55.89 ± 0.05

52.03 ± 0.04

Fig. 5 Change of colors from pink to yellow is due to reduction

of DPPH radical (http://chimactiv.agroparistech.fr/en/aliments/

antioxydant-dpph/principe).

TPC

TFC

TAC
TRP

DPPH

NB 
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S1 
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Pt 
SC 
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Active variables Active observations

Fig. 6 Principal component analysis of the selected grape

varieties in relation to their various phytochemical activities.
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pounds play a key role in the reductuion of deleterious effects
of auto-oxidants to prevent or neutralizing them from the
destructive actions like cancer, cardiovascular disease and dia-
betes etc (SEl et al., 2014).

3.2. Principal component analysis (PCA)

In the PCA, we have tried to show various activities of extracts

taken from different grape varieties in the form of a biplot with
two principal component analyses. These biplots corresponded
to the cumulative variance at 94.75% (Fig. 6). The analysis

showed an obvious difference in the antioxidant potential in
all grape varieties. The F1, x-axis accounted for 74.45% of
the activity difference. Six varieties were grouped into one clus-

ter i.e., NARC black (NB), Shogran-2 (S2), Sheghali (ShG),
Haita (Ht), Shogran-1 (S1), Sultania-C (SC) which have rela-
tively low DPPH but high TPC, TAC, TRP and TFC. On
the other hand, the negative region contains only two varieties

i.e., Sundar Khani (SK) and Perlette (Pt). The second principal
component (F2 y-axis) accounted for a 20.30% variation of
activity. The positive region is occupied by varieties SK, Ht,

ShG, S2, NB with high DPPH and TPC while the negative
region contains Pt, SC, And S1 with lower TFC and TAC
respectively.
3.3. Correlation analysis

As we have discussed in the above metioned data very clearly,

that various cultivars have a different level of variance in
antioxidant potential in various bioassays. This is because of
contribution of different phenolic and flavonoid componds

present in grape varieties. In correlation analysis, we have tried
to disentangle the possible link and relation between flavo-
noids, total phenolic contents, and antioxidant potential. The
coefficient of correlation was calculated for TPC and TFC val-

ues using various assays such as TAC, DPPH and TRP
(Fig. 7). The antioxidant potential of the grapevine was posi-
tively interlinked with phenolic compounds and further to

their composition (Landbo and Meyer, 2001). Similarliy, the
results of (Balı́k et al., 2009) considered that the values of
TRP and DPPH from leaves, stem and fruit as averagely

higher with the increasing TAC, phenolic and flavoinoid con-
tents. Currently, the results of our study proved that TRP and
DPPH methods are totally depended on the concentration of
Phenolic compounds (Fig. 7).

The TPC and TFC were directly correlated with the TAC
and TRP, they have many of polyphenols and flavonoids as
discussed by (Kedage et al., 2007), while inversely correlated

with DPPH radical scavenging assays (Fig. 7). The significant
(P < 0.05) positive correlation were found between TPC and
TFC with TAC and TRP while insignificant correlation was

observed with DPPH radical scavenging assay. Apart from

http://chimactiv.agroparistech.fr/en/aliments/antioxydant-dpph/principe
http://chimactiv.agroparistech.fr/en/aliments/antioxydant-dpph/principe


Fig. 7 Correlation analysis of the investigated activities variables in different grape varieties.
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positive correlation the negative correlation was found

between TFC and DPPH which revealed that grape plants
have good radical scavenging activity due to high phenolic
and flavonoids contents. A similar study was carried out by
(Borbalan et al., 2003). They found a good correlation between

the total polyphenol contents and their antioxidant potentials.
The ecological role of leaf phenolic compounds and antiox-

idants activities would be of extreme interest to understand the

nature and production of such molecules which have a specific
role to limit and curtail the different pathogens attacks and
diseases cause in it. As we know that, grapes have a remark-

able role in the provision of nutraceutical, pharmaceutical
and food-related ingredients, leaves of grapevine are consid-
ered is key and potential source of bioactive ingredients.

4. Conclusion

In this paper we have focused on the antioxidant potential in

the leaves of different grapes varieties (Vitis vinifera L.) grown
in various soil types. We elucidate that grape leaves have
higher antioxidant compounds determined viapresence of fla-
vonoids, total phenolics, total antioxidant, reducing and radi-

cal scavenging capacities bearing groups in all the studied
varieties (i.e. NARC black, Sundar khani, Shogran-1,
Shogran-2, Haita, Sheghali, Perlette, and Sultania-C) grown

in various soil regimes. These varieties shown the best response
but the activity change with changing soil compositions. We
conclude that leaves are an important source of antioxidants

and can be used as potential source in various foods alongside
grape fruits. The nutraceutical industry can focus on the leaves
as a potential source of phenolics and antioxidants. We

strongly recommend further studies on other parts of grapes
cultivars at different maturation stages and varying environ-
mental conditions for their biochemical and antioxidant poten-
tials. It’s also concluded that varying soil regimes and

environmental conditions affect the quantity as well as quality
of the phytochemicals. This study will also attract people from

food industries to workout the extensive use of grape leaves in
various products.
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