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Plant diversity is a basic source of food and medicines for the local communities of the Himalayas. Current study was intended
to assess polyphenolics content and antioxidant potential in edible wild fruits used as food and to treat various diseases by the
inhabitants of Himalayan region of Pakistan. The fruits of 20 plant species were evaluated using standard protocols, whereas
information on medicinal uses was gathered through semistructured interviews. Comparatively, Prunus domestica and Rubus
ellipticus fruits exhibited highest levels of phenolics and flavonols contents (113.55 + 0.61 mg GAE/100 g and 200.06 + 1.57 mg RtE/100
g FW, respectively) in acetone extract. Nevertheless, flavonoids were maximum in the water extract of Rosa moschata (194.82 + 3.46
mg RtE/100 g FW). Contrary, Duchesnea indica fruit depicted significant potential to scavenge DPPH and H, O, radicals at 94.66
+ 8.89% in acetone extract and 83.54+ 9.37% in water extract, while acetone extract of Rubus ellipticus had maximum potential to
reduce ferric ions (133.66 +15.00 uM GAE/100 g FW). Additionally, total antioxidant capacity was highest in the acetone extract of
Berberis lycium fruit (332.08 + 21.90 uM AAE/100 g FW). The relationships between polyphenolics and antioxidant activity revealed
synergistic role of secondary metabolites in the prevention of diseases. Our study revealed that wild fruits consumed by the local
communities of Himalayas are rich in health beneficial phytochemicals and hold significant potential to treat chronic diseases,

particularly associated with free radicals.

1. Introduction

The use of plants as food and to treat various health
disorders is the most pertinent and trustworthy motive
to manage the plant diversity [1]. Traditional systems of
medicines are based on use of plant species by the rural
communities with diverse ethnic beliefs and such system
not only provides traditional medicines for health care but
also introduces new sources of foods [2]. Although edible
wild fruits, vegetables, mushrooms, nuts, and grains are
generally consumed as food, different parts of these species
have medicinal value to treat health disorders [2-4]. It is
well known that ethnopharmacological investigations are
crucial to classify plant species that can be designated for
their chemical constituents and pharmacological activities

[5]. Edible wild food species have significant utilization in
famine conditions, even today many agricultural and hunter
gathering societies are dependent on wild food resources
[6]. These plants possess notable nutraceuticals having health
beneficial properties; because of this there is an increasing
trend to incorporate wild food plants as popular diet [6].
Certainly, traditional knowledge of wild plant species having
food and medicinal value is an important component of folk
culture and contributes considerably in the renaissance of
traditions [7]. Due to cultural importance and effectiveness
and deficiency of contemporary health services, wild foods
are much popular among the rural communities around the
globe. Wild foods not only support the natural life but also
are an imperative source of traditional ecological information

(8].


http://orcid.org/0000-0003-1496-5877
http://orcid.org/0000-0003-4445-4293
http://orcid.org/0000-0001-9978-3866
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2019/1381989

In the present era, consumers are much cautious about
diet, wellbeing, and beauty. These facts are exaggerating the
concerns over diet and health. Consumers now demand foods
that not only fulfill nutritional supplies but also provide
additional physiological advantage [9]. Wild food species are
much better and healthy alternatives of the processed food
products and drugs. Currently, dietetic and phytochemical
investigations on wild food species are now mainly focused
on their role in the protection and prevention of health disor-
ders related to oxidative stress and malnutrition. Because the
excessive production of free radicals in human is the basic
cause of cardiovascular disorders, different types of cancer,
autoimmune diseases, rheumatism, ageing, and cataracts etc.
(1,10].

Detection of health beneficial secondary metabolites,
which act as antioxidants, has been the main focus of
investigators working in the area of functional foods and
nutraceuticals [9]. An association between consumption of
fruits/vegetables and reduced rate of chronic health disorders
like cardiac problems, aging, and cancers of respiratory tract,
alimentary canal, lungs, bladder, and breast is well recognized
[11, 12]. And all of this is credited to the fact that fruits
and vegetables are rich source of health beneficial bioactive
substances including polyphenolics, vitamins, and minerals
[13]. These compounds may act individually or synergistically
by various mechanisms to protect human from free radicals
and improve the antioxidant potential of plasma subsequent
to the inhibition of atherosclerosis [14].

Consumption of edible wild fruits as food and medicine
is closely related to health, spiritual, cultural, and socioeco-
nomic aspects of human life. Himalayan region in Pakistan is
rich in plant diversity, particularly food and medicinal plant
species, which are of low cost, tasty, and readily available
and own nutritional and therapeutic potential [4]. Profiling
of secondary metabolites and assessment of pharmacological
efficacy of wild food resources, that is, fruits, vegetables,
mushrooms, and grains, are substantial to introduce func-
tional foods and novel drugs [15]. Although ethnomedicinal
uses and cultural aspects of edible wild fruits of this region
have been reported before [16], systematic linkage between
traditional uses of wild foods in Pakistan and their pharma-
cological or phytochemical properties has rarely been inves-
tigated so far. Therefore, present study was intended with the
aim of estimating polyphenolics (phenolics and flavonoids)
and in-vitro free radicals inhibition of selected edible wild
fruits traditionally consumed by the local inhabitants of
Himalayan region of Pakistan. This study is an avenue
through which we can learn more about the biological
activities and can enhance the variety of alternative natural
medicines and functional foods.

2. Materials and Methods

2.1. Ethnomedicinal Data. Data on traditional uses of edible
wild fruits to treat health disorders were collected by direct
conversation with local inhabitants and using semistructured
interviews following the procedure as explained before [17].
However, medicinal application and folk values of these fruits
species have already been reported in detail [4].
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2.2. Sampling and Extraction. Fresh fruits were collected
from different localities of Himalayan region of North Pak-
istan. Samples’ identification was done with the help of Flora
of Pakistan while scientific and family names were allotted as
reported in Angiosperm Phylogeny Group (APG III, 2009)
and The Plant List, 2010 (http://www.theplantlist.org). Fresh
fruits were dried at room temperature [18] and afterwards,
grinded, sieved, and kept in desiccators for further analysis.

Extraction was done as elucidated earlier [19]. Concisely,
1.0 g powdered sample in triplicate was mixed thoroughly
with 10 mL of distilled water and centrifuged at 6000 rpm for
15 min. Supernatants were pooled in clean flasks. The whole
process was repeated thrice to extract maximum phytochem-
icals soluble in water and supernatants were pooled. After-
wards, residues were extracted with acetone (1:10 v/v) using
same procedure and supernatants were pooled in separate
flasks after centrifugation.

2.3. Polyphenolics Estimation. Total phenolics content (TPC)
was assessed as described previously [20]. In short, 5 mL
Folin-Ciocalteu reagent (10-folds) and 4 mL sodium car-
bonate (7.5%) were added in 1.0 mL of each fruit extract
(in triplicate). This blend was kept for 90 min at room
temperature before measuring the absorbance at 760 nm. The
TPC was presented as mg gallic acid equivalent/100 g fresh
weight of sample (mg GAE/100g, FW).

Total flavonoids content (TFC) was estimated as ex-
plained formerly [21]. Concisely, 5 mL of each extract (in
triplicate) and 0.3 mL of sodium nitrite (5%) were blended
thoroughly for 5 minutes and 0.3 mL of aluminium trichlo-
ride (10%) was mixed. This mixture was kept for 6 min
at room temperature and 2 mL of sodium hydroxide was
added to stop the reaction. After dilution (up to 10 mL) with
distilled water absorbance was measured at 510 nm. TFC was
expressed as mg rutin equivalent per 100 g of fresh sample
(mg RtE/100 g).

Total flavonols content (TFIC) was quantified following
the protocol of Kumaran & Karunakaran [22]. Briefly, 2.0
mL of aluminium trichloride (2%), 3 mL of sodium acetate
(50 g/L), and 2.0 mL of each extract in triplicate were mixed
thoroughly. Mixture was kept at 20°C for 2.5 h and absorption
was taken using UV-spectrophotometer at 440 nm. TFLC was
presented as mg rutin equivalents per 100 g of fresh sample
(mg Rt/100g, FW).

2.4. Free Radical Scavenging Activity Assessment (FRSAA).
2,2-diphenyl-1-picrylhydrazyl (DPPH), hydroxyl, and hydro-
gen peroxide (H,O,) radicals scavenging assays were used
to determine free radical scavenging activity in the studied
samples.

DPPH assays were performed as reported previously by
Chen et al. [23]. Shortly, 2.0 mL of each extract was vortexed
vigorously with DPPH solution (5 mL/0.1 mM). This mixture
was incubated in the dark for 30 min at room temperature and
absorbance was measured against blank at 517 nm. Percentage
inhibition of DPPH was calculated by the formula

(ABlank - ASumple)

x 100% 1
(ABlank)

Inhibition (%) =
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The hydroxyl (OH™) radical scavenging potential of
the studied samples was deliberated using the procedure
as described before [24]. 2.0 mL of phosphate buffer (pH
7.2/0.2 M), ferrous sulphate (0.04 mL/0.02 M), and L,10-
phenanthroline (1 mL/0.04 M) were gently mixed with 2.0
mL of each extract (in triplicate). Subsequently, 0.1 mL of
H,0, (7 mM) was added and mixture was kept for 5 min
at room temperature. Absorbance was measured at 560 nm
and percentage scavenging of hydroxyl radical was calculated
using the following equation:

A an _Aame
SA(%)=( Blank 7S pl)xlOO 2)

(A Blunk)

The scavenging potential of fruits’ extract against hydro-
gen peroxide (H,0O,) radical was examined using the method
of Aiyegoro and Okoh [25]. Briefly, 4 mL of each fruit extract
in triplicate was mixed thoroughly with 2.4 mL of H,O,
solution (4 mM). This mixture was incubated for 10 min at
room temperature. Absorbance was taken at 230 nm against
blank (extract without H,0,). The H,O, radical inhibition
(%) was determined by the following formula:

(ABlunk - ASample)

100 (3)
(ABlunk) )

Scavenging.Activity (%) =

2.5. Evaluation of the Total Antioxidant Capacity (TAC).
TAC was appraised by ferric ion reducing antioxidant power
(FRAP) assay and phosphomolybdenum complex assay
(PMA) as reported earlier [23].

In FRAP assay, 2.0 mL of each extract in triplicate and
potassium ferricyanide (0.1%) were mixed cautiously in phos-
phate buffer (0.2 M/pH 6.6). Subsequently, this mixture was
placed in a water bath at 50°C for 20 min and trichloroacetic
acid (2 mL/10%) was added. Supernatant, distilled water, and
0.01% ferric chloride (2 mL of each) were mixed gently. This
mixture was kept at room temperature for 20 min before
taking absorbance at 700 nm. Final values were expressed
as micromole gallic acid equivalent per 100g based on fresh
weight of the sample (uM GAE/100g FW).

The PM assay was conducted following the guidelines
as reported earlier [26] using ascorbic acid as standard.
Concisely, 2.0 mL of each extract was mixed in triplicate
with reagents’ solution (6.6 mL) containing sulphuric acid
(0.6 mol/L), sodium phosphate (28 mol/L), and ammonium
molybdate (4 mol/L). This mixture was kept for 90 min
at 95°C. After cooling up to room temperature, absorbance
was measured at 695 nm. Final values were articulated as
micromole ascorbic acid equivalent per 100g based on fresh
weight of each sample (uM AAE/100g FW).

2.6. Statistical Analysis. Data were presented as mean + SD
for all triplicate analysis and means difference was calculated
by Tukey’s multiple comparison test. The P-values less than
0.05 were considered statistically significant. The SPSS 13.0
(SPSS Inc., Chicago, IL, USA) and STATISTICA software
were used for further analysis of the data. All data were
reported as mean + of triplicate analysis.

FiGURE 1: Edible wild fruits of food and medicinal value.

3. Results and Discussion

3.1. Ethnomedicinal Uses of the Edible Wild Fruits. Nontimber
forests products contribute significantly in the sustainable
community development of over 1.6 billion people world-
wide. The plant species growing naturally in the forests and
nonagricultural lands are the most important substitutes of
staple food and revenue for poor societies, particularly in the
mountain regions [27]. Naturally growing plants are not only
a source of food but are also used as traditional medicine
to treat various diseases in human and animals [28]. In the
present study edible wild fruits of 20 plant species belonging
to 13 botanical families (Table 1) were scrutinized for total
phenolics, flavonoids, and flavonols contents and to scavenge
free radical species and for antioxidant capacity assessment.

Although other parts such as roots, stem, and leaves of
edible wild fruits species are also used to treat various diseases
in the region [4, 16, 29, 30], the present study was mainly
focused on fruits (Figure 1), which were selected on the basis
of ethnomedicinal uses, use reports, availability, and cultural
importance index as reported in our previous work [4]. These
fruits are commonly used by local inhabitants as food and to
treat various diseases, particularly gastrointestinal disorders
such as constipation and indigestion [4, 16]. Diospyros lotus,
Juglans regia, Myrsine africana, Prunus spp., Rubus spp.,
and Zanthoxylum armatum fruits are among the commonly
utilized in fresh and dried form. Furthermore, fruits of these
species also showed quick response in disease treatment.
Our findings revealed that, in the study area, traditional
phytotherapies are near to decline due to the availability
of modern health facilities. To protect the folk belief on
medicinal plants, documentation of traditional knowledge of
local communities is of utmost importance before its loss
forever.

3.2. Polyphenolics Content. Ingestion of fresh fruits con-
tributes significantly to the protection and deterrence of
diseases [31, 32]. Crude extracts of fruits and vegetables
possess powerful antioxidant and anticancer effects, which
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TABLE 1: Medicinal uses of selected edible wild fruits.

Botanical name Vernacular/English name Family Medicinal use

Berberis lycium Royle Sumbal/Barberry Berberidaceae Tonic, weakness, constipation

Celtis australis L. Batker/European hackberry Ulmaceae Indigestion, cough, allergy, colic pain

Diospyros lotus L. Kala malook/Date plum Ebenaceae Constipation, indigestion

Duchesnea indica (Andr.) Budi meva/Indian strawberry Rosaceae Diarrhea, stomach ulcer

Grewia optiva Drum. ex. Burret. Dhaman/Monkey soap Tiliaceae Constipation, antidiabetic, cooling agent

Juglans regia L. Khor/Walnut Juglandaceae  Brain tonic, asthma, piles, aphrodisiac, dysentery

Myrsine africana L. Khukan/African boxwood Myrsinaceae Intestinal worms

Olea ferruginea Royle Kahou/Wild olive Oleaceae Joint swelling, appetizer, tonic, piles

Opuntia dillenii Haw. Nakh band/Prickly pear Cactaceae Diabetes, ulcer, weakness, diarrhea

Prunus armeniaca L. Harii/Wild apricot Rosaceae Constipation, carminative

Prunus domestica L. Lucha/Round plum Rosaceae Constipation, stomach inflammation

Pyrus pashia L. Kali Batangi /Black pear tree Rosaceae Constipation, cough, fever

Rosa brunonii Lindl Tarni/Himalayan musk rose Rosaceae Inflammation, heart problem, constipation

Rosa moschata auct. Gangli gulab/Musk rose Rosaceae Stomach inflammation, constipation

Rubus ellipticus Smith in Rees. Akha/Asian wild raspberry Rosaceae Diabetes, constipation, nausea, carminative, tonic

Rubus ulmifolius Schott in Oken. Kali bari pluchi/Blackberry Rosaceae Inflammation, constipation, diabetes, carminative

Viburnum grandiflorum Wall. ex DC.  Guch/Himalayan Viburnum  Caprifoliaceae  Constipation, gastric problem, to purify blood

Vitis jacquemontii Parker. Gidhar dakh/Tree of Heaven Vitaceae Constipation

Vitis parvifolia Roxb. Kali bari dakh/Summer grape Vitaceae Constipation

Zanthoxylum armatum D.C. Prodor. Timbur/Toothache Tree Rutaceae Indigestion, gas trouble, piles
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are presented in Figure 2. On the whole acetone extracts
of Prunus domestica and Berberis lycium depicted highest
TPC (113.55 + 0.61 and 102.9 + 2.65 mg GAE/100g FW,
respectively). However, in majority cases TPC values were
higher in water extracts compared to acetone extracts. In the
case of water extracts Juglans regia fruit contains maximum
phenolics content (95.09 + 0.51 mg GAE/100g FW), followed
by Grewia optiva and Berberis lycium at 91.47 + 0.86 and 90.57
+ 0.77 mg GAE/100g FW, respectively. It has been reported
that Berberis lycium fruit possess significant anticarcinogenic,
antipyretic, anticoagulant, anti-inflammatory, and hypo-
glycemic properties [37], which might be attributed to phe-
nolics content and related bioactive constituents. Similarly,
fruits and seeds of Zanthoxylum armatum are carminative,
anthelmintic, and traditionally used as toothache and tonic
to treat fever and dyspepsia [38]. Estimated levels of TPC in

mmmm Water extract
Acetone extract

FIGURE 2: Measured levels of total phenolics content in the edible
wild fruits.

the fruit of Zanthoxylum armatum were comparatively lower
than those reported before [39, 40]. However, bioactivities
of Z. armatum are mainly due to synergistic activities of
health beneficial secondary metabolites. Likewise, TPC in
the wild edible fruits reported from China and Burkina Faso
[41, 42] was significantly higher than what was determined
in the present investigation (Figure 2). Contrary, TPC in
the water extract of Rubus ellipticus was 83.33 + 0.37 mg
GAE/100g FW, which is higher than what was reported earlier
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FIGURE 3: Measured levels of total flavonoids content in the edible
wild fruits.

41.08 + 0.20 mg GAE/100g in the fruit of same species from
India [43]. Such variations might be due to change in growing
environment, harvesting time, extraction techniques, and
genetic difference among varieties. Furthermore, TPC in the
edible wild fruits of Berberis lycium, Grewia optiva, Juglans
regia, and Prunus domestica examined in the present study
was relatively higher than some commonly consumed culti-
vated fruits, such as pineapple, banana, peach, lemon, orange,
and the grape fruit: 94.31, £ 1.54, 90.40 + 3.22, 84.59 + 0.71,
81.87 + 3.50, 81.24 + 1.10, 70.64 + 1.58, and 49.60 + 2.57 mg
GAE/100 g, respectively [44]. This confirms that wild food
resources, particularly the fruits, are more nutritious and
rich in bioactive compounds compared to cultivated fruits,
vegetables, and other crops.

Flavonoids are potent-free radicals scavengers in fruits,
vegetables, and medicinal plants. Flavonoids provide protec-
tion to lipids and vital cells from oxidative damage [45, 46],
involve in the prevention of coronary heart diseases, and
exhibit antiproliferative or anticancer activities [45, 47]. Total
flavonoids contents (TFC) examined in the edible wild fruits
are mentioned in Figure 3. Water extracts of Rosa moschata,
Grewia optiva, Berberis lycium, and Viburnum grandiflorum
exhibited maximum TFC: 194.82 + 3.46, 189.82 + 1.44, 142.54
+ 1.32, and 113.72 + 1.50 mg Rt/100 g FW, respectively, with
significant difference at p < 0.05. In acetone extracts TFC
values varied from 10.03 + 0.52 to 171.31 + 1.01 mg Rt/100g
FW in Vitis jacquemontii and Berberis lycium, respectively.
Measured levels of TFCs determined in the water extracts of
Rubus ellipticus and Zanthoxylum armatum were lower than
previous reports [39, 43]. However, calculated values of TFC
in the acetone extract of edible wild fruits in the present study
were higher than reported for wild fruits of Burkina Faso [42].

Measured values of the total flavonols content (TFIC)
in the edible wild fruits of Himalayan region are given in

5
300 -

=
=%}
jTo]
(=]
(=}
S
=
=4
o0
E
w
Q
E
«
>
o
k3
-
=3
2
<
=

ll l l l ll l ll l ll l ll l ll T

E28G8SS8cg =388 S=Eg883EESE

EEESEPE S G EE58E8¢2

22— g8 = o= Q %3 < O =

S EN O EESZESSE A EEELE

@5 B9 S8C058FSETSEEAS

U = 8 J . ; - .

c ma MHEggEFN

S

mmmm Water extract
Acetone extract

FIGURE 4: Estimated levels of total flavonols in the edible wild fruits.

Figure 4. Total flavonols contents in the studied samples were
estimated for the first time. Comparatively, in all samples,
acetone extracts exhibited more TFIC than water extract.
Acetone extract of Rubus ellipticus contains highest content
of flavonols (200.05 + 1.57 mg Rt/100g FW), followed by
Rosa brunonii, Zanthoxylum armatum, and Berberis lycium
(185.46 + 0.71, 169.49 + 1.28, and 106.68 + 1.34 mg Rt/100g
FW, respectively), whereas lowest value was recorded for
Diospyros lotus (791 £ 0.94 mg Rt/100g FW). In the case of
water extract Opuntia dillenii depicted highest TFIC at 85.08
+ 0.85 mg Rt/100g FW and Juglans regia contains lowest value
(2.09 + 0.53 mg Rt/100 g FW). Present study revealed that
polyphenolics content in the edible fruits consumed by the
inhabitants of Himalayan region of Pakistan was relatively
different from previous reports from neighbouring countries.
These disparities might be due to genetic variation, difference
in species analysed, harvesting season, ripening stage of
fruits, growing conditions, and analytical techniques. Genetic
and environmental factors contribute significantly to the
composition and concentration of secondary metabolites and
nutritional quality of fruits and vegetables [48]. It has been
reported that reducing compounds other than phenolics such
as organic acids and sugars could obstruct the estimation of
phenolics [49] and due to low absorption of several flavonoids
many other compounds remain underestimated [50].
Majority of the edible wild fruits analyzed are eaten
raw and used to treat indigestion, constipation, and other
gastrointestinal problems. Consumption of such fruits not
only fulfills dietary requirements and health problems,
particularly related to digestive system of consumers, but
also provides protection in cardiovascular and degenerative
diseases, many types of cancer, and aging. Such health
benefits are attributed to secondary metabolites including
phenolics content and other bioactive constituents. Various
epidemiological studies have exposed that adequate ingesting
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S.No Botanical name  %DPPH (WE) %DPPH (AE) %OH" (WE) %OH" (AE) %H,0, (WE)  %H,O, (AE)
1) B. lycium 65.03' + 779 85.22° + 7,52 49.17" +3.21 11319 +1.24 62.02' + 6.69 72.87° +9.87
2) C. australis 88.60° +5.69 54.24' +4.69 39.70' +4.63 44745 +6.97 54.69 + 6.31 65.61° + 8.56
3) D. lotus 66.31" +8.97 94.15° + 8.75 20.95" +3.78 57.68% + 752 40.64" +5.59 29.49 +3.57
(4) D. indica 79.51¢ + 4.32 94.66" + 8.89 75.40° £ 611 7259 +6.78  83.54* +9.37  6L63° +7.68
(5) G. optiva 34.87' £ 6.25 76.29% + 712 13.15° £1.36 63.69¢ £5.59 9.509" + 1.01 23.41% + 4.25
(6) J. regia 76.63F +4.10 93.35% +723 52.77" £5.98 14.66° +2.56 73.4% +8.23 12.33° +1.16
7) M. africana 33.66™ + 5.69 93.86% + 6.98 16.13° +2.37 38.81 £4.65 45345 £369  23.04° £2.59
(8) O. ferruginea 61.09 +8.21 80.43" +9.21 62.428 + 776 67.60° + 7.98 72.34° +5.21 63.13° + 758
9) 0. dillenii 71.89% +7.83 70.07" +5.21 37.82™ +4.3] 39.95! +2.69 5715" + 4.16 19.91™ +2.65
(10) P armeniaca 8719° + 739 91.42°%¢ 1890  48.14 +4.01 4970' +456 7748 +913  73.04" +9.21
(1) P. domestica 72.848 +770 91614 +798 48307 +4.36 12.81° +1.25 6743" +5.27 55.54° + 4.56
(12) P, pashia 86.70° +9.25 92.50% +9.98 72.32% +7.96 51.73° + 3.58 72524 +8.87  14.96" +2.58
(13) R. brunonii 92.47* +5.31 91.80°*¢ +10.6 65.92 + 5,55 35.29' +5.58 72.46% + 736 51.51F +5.79
(14) R. moschata 62.04 +8.36 93.32%* +10.9 45.14% + 531 20.88" +3.37 67.76" +3.47 32.45' +2.68
(15) R. ellipticus 91.70° + 769 94.65* +9.87 6763 £921  42.71" £4.59 76.42° +9.11 51.83" +789
(16) R. ulmifolius 6734" +4.33 89.49% + 4.36 69.01¢ +4.99 3731 +3.75 4827 +5.67 45.86% + 6.19
17) V. grandiflorum 57175 +5.89 84.87° +5.30 75.85* +8.31  9.840" +1.06 41.82% £3.67  40.69" £538
(18) V. jacquemontii 89.03% + 8.99 89.93% +779 65.378 +7.77 2736™ +4.21 7770 + 8.51 2.100° + 1.00
(19) V. parvifolia 82.22¢ + 736 91394 +816  70.71° + 8.12 11289 +256  2927™ +4.69 22718 +3.52
(20) Z. armatum 6715" + 723 88.91¢ +11.2 71.35° +5.10 4538% +5.89  60.88%) +712  21.64™ +2.91

WE: water extract; AE: acetone extract; values are the means of triplicate analysis + SD. Different letters (a-t) within the columns indicate significant difference

at p<0.05.

of vegetables, fruits, grains, nuts, and seeds is thought to
diminish the jeopardy of several diseases [46].

3.3. Free Radicals Scavenging Activities in Edible Wild Fruits.
Plant based natural antioxidants have gained the attention by
various workers because of dietary and curative properties
[51]. Due to complex reactivity of phytochemicals and other
natural antioxidants, free radical scavenging power of food
and medicinal plants cannot be determined by a single
method only. Therefore, use of different assays and at least
two test systems is required to authenticate the antioxidant
capacity of a plant sample [52]. Consequently, in the present
study, free radical scavenging and total antioxidant capacity
(TOC) of edible wild fruits were evaluated by DPPH, OH",
H,0,, PMA, and FRAP assays. The scavenging of free radical
increases with increasing percentage of their inhibition [53,
54]. Therefore, use of different methods (DPPH, OH™, and
H,0,) is helpful to fully explain the antioxidant capacity
in plants’ extract. Because of different reaction mechanisms,
each method only provides approximation of antioxidant
capacity [55].

The DPPH radical scavenging assay [56] is the frequently
used technique to determine the radical scavenging capacity
of plants based extracts [57] because it is a quick and respon-
sive method, which involves simple conventional laboratory
equipment. Results for DPPH activity expressed in percent-
age values are presented in Table 2. Overall, percentage DPPH
activity was high in the acetone extract compared to water
extracts of the edible wild fruits. In acetone extracts % DPPH
ranged from 94.66 + 8.89 to 54.24 + 4.69%. Duchesnea
indica, Rubus ellipticus, Diospyros lotus, Myrsine africana, and

Juglans regia fruits exhibited highly significant DPPH radical
scavenging at 94.66 + 8.89, 94.65  9.87, 94.15 £ 8.75, 93.86
+6.98, and 93.35 + 7.23%, respectively. However, these values
were not significantly different at p < 0.05. In water extract,
% DPPH scavenging activity ranged from 33.66 + 5.69 to
92.47 + 5.31%, whereby Rosa brunonii fruit had highest %
DPPH scavenging and that of Myrsine africana showed lowest
potential to scavenge DPPH radical (p < 0.05). Measured
levels of % DPPH activity in the fruits of Zanthoxylum
armatum, Rubus spp. and Prunus spp. were comparable with
previous studies [39, 58]. However, in the present study, water
and acetone were used as extraction solvent instead of ethanol
or methanol. To the best of our knowledge, in other samples
% DPPH activity has rarely been reported so far.

OH" is one of the most destructive radicals among all the
reactive oxygen species (ROS). This radical reacts with differ-
ent biomolecules, causing oxidative damage and mutation at
cellular level [59, 60]. Present study revealed that percentage
OH" radical scavenging activity was comparatively higher
in water extracts (Table 2). In water extract, % OH™ radical
inhibition varied from 75.85 + 8.31% to 13.15 + 1.36% (p <
0.05). Water extract of Viburnum grandiflorum had highest
scavenging activity for OH™ radical (75.85 + 8.31%), followed
by Duchesnea indica and Pyrus pashia (75.40 + 6.11 and 72.37
+ 7.96%, respectively) whereas Grewia optiva showed least
ability to scavenge OH™ radical. Among acetone extracts
Duchesnea indica showed significant OH" radical scavenging
capacity, followed by Olea ferruginea and Grewia optiva (72.59
+6.78,67.60 + 7.98, and 63.69 + 5.59 %, respectively), whereas
Viburnum grandiflorum fruit exhibited the lowest potential to
scavenge OH" radical at 9.840 +1.06%. Comparative analysis
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with reported literature revealed that OH™ radical scavenging
activity has rarely been reported in all fruit samples except
Zanthoxylum armatum where in both extracts OH™ radical
scavenging activity was analogous to previous report [39].
Approximately, 0.28 mg kg™' day™' of H,O, enters the
human body through breathing, eye, or skin contact [61].
Although H, O, is a feeble oxidizing agent, it can deactivate
some enzymes. It passes rapidly through cell membrane
and reacts with iron II and copper II ions within the
cell. This reaction releases OH™ radical that initiates lipid
peroxidation leading to DNA damage [62]. In the edible fruits
of Himalayan region of Pakistan, water extract depicted more
activity to scavenge the H,O, radical than acetone extract. In
water extracts of all samples, H, O, radical scavenging activity
ranged from 9.51 + 1.01% to 83.54 + 9.37% (p < 0.05) with
maximum value calculated for Duchesnea indica, whereas
Grewia optiva exhibited lowest scavenging power. However,
in acetone extract H,O, radicals scavenging capacity was
highest in Prunus armeniaca (73.04 + 9.21%), followed by
Berberis lycium (72.87 + 9.87%) and Celtis australis (65.61 +
8.56%), while lowest value was intended for Vitis jacquemontii
(2.10 £ 1.00). Comparative analysis of studied samples with
reported literature showed that edible fruits of Himalayan
region of Pakistan have rarely been investigated before.

3.4. Total Antioxidant Capacity (TAC). The TAC of edi-
ble wild fruits was determined using PMA and FRAP
assays. In PMA, plant extract is incubated with phosphate-
molybdenum (VI), which reduces to green phosphate-
molybdenum (V). The reduction of phosphate-molybdenum
(VI) is calculated by measuring absorbance at 695 nm [63].
Our results indicate that acetone extracts had maximum
TAC (p < 0.05) compared to water extract as determined
by PM assay (Figure 5). Acetone extract of Berberis lycium
fruit exhibited highest TAC (332.08 + 21.91 uM AAE/100g
FW), followed by Rosa brunonii, Zanthoxylum armatum,
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Rubus ellipticus, and Pyrus pashia: 317.03 + 23.52, 306.96 +
24.11, 261.27 + 17.49, and 223.12 + 20.09 uM AAE/100g FW,
respectively. In the water extract, TAC ranged from 18.36 +
1.08 t0243.03 + 21.04 uM AAE/100g FW in Prunus armeniaca
and Celtis australis, respectively. In majority of the samples
TAC using PM assay has rarely been reported so far. Although
Batool etal. (2010) reported 120.0 ug/mL TAC in the ethanolic
extract of Zanthoxylum armatum using PM assay, it could not
be compared with present findings due to difference in the
solvents and extraction methods.

Total antioxidative property of foods can also be assessed
by computing increase in the absorbance at 595 nm, due to
the formation of ferrous ions from FRAP. This increase is
associated with combined or “total” reducing power of the
phytochemicals in the reaction mixture. The reduction of
ferric tripyridyltriazine complex to ferrous can be detected
by determining change in absorption at 593 nm [64]. TAC
in edible wild fruits determined by FRAP assay is given in
Figure 6. Acetone extract of Rubus ellipticus, Zanthoxylum
armatum, Rosa brunonii, and Prunus domestica depicted
maximum FRAP values at 133.66 +15.03,123.30 + 13.77,119.67
+ 15.41, and 107.33 + 14.47 uM GAE/100g FW, respectively
(p<0.05). In the case of water extracts Opuntia dillenii fruit
had significant FRAP value (93.63 + 11.10 uyM GAE/100g FW),
followed by Celtis australis and Rosa brunonii. Fu et al. [41]
reported 5710 + 2.06, 1.88 + 0.13, and 89.60 + 22.18 uM
Fe’* g ferric ion reducing antioxidant capacity in the aqueous
extracts of wild edible fruits of Viburnum fordiae, Diospyros
kaki, and Rosa laevigata. However, variation in FRAP values
are due to genetic difference, extraction method used, type of
solvent, and geoclimatic factors.

Although phenolics content and antioxidant properties
in the fruits of Zanthoxylum armatum, Rubus spp., and
Prunus spp. have been reported before, phenolics contents
and in vitro antioxidant properties in other edible wild fruits
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TABLE 3
(a) Pearson correlation analysis between phenolics and antioxidant properties in water extract
TPC TFC TFIC DPPH OH™ H,0, FRAP PMA
TPC 1.00
TFC 313 1.00
TFIC 419 244 1.00
DPPH -.248 -.599( %) -.256 1.00
OH"™ -.520(x) -.465(*) -.457 () .580( s ) 1.00
H,0, -.146 -.468(x*) -.163 .629(3 %) .489(x) 1.00
FRAP 598 (s ) 202 .606( %) 154 -.252 192 1.00
PMA .532(3) 457 (%) .525() -.228 -.361 -191 739( %) 1.00

* Correlation is significant at the 0.05 level (2-tailed). * * Correlation is significant at the 0.011evel (2-tailed). TPC: total phenolics content, TFC: total flavonoids

content, TFIC: total flavonols content, WE: water extract, AE: acetone extract.

(b) Pearson correlation analysis among polyphenolics and antioxidant properties in acetone extract

TPC TFC TFIC DPPH OH~ H,0, FRAP PMA
TPC 1.00
TFC A486(+) 1.00
TFIC 352 A72(%) 1.00
DPPH 277 -230 156 1.00
OH~ -393 -264 -160 -148 1.00
H,0, 346 399 175 -182 147 1.00
FRAP 546(*) 576(+ %) 789(+ %) 283 -.036 186 1.00
PMA 346 581(x*) 631(x%) 200 .033 131 627(x %) 1.00

* Correlation is significant at the 0.05 level (2-tailed). * * Correlation is significant at the 0.01 level (2-tailed). TPC: total phenolics content, TFC: total flavonoids

content, TFIC: total flavonols content, WE: water extract, AE: acetone extract.

have never been investigated, particularly with reference to
Himalayan region of North Pakistan.

3.5. Correlations. Epidemiological studies have proved
strong association between phenolics content and antiox-
idant potential of plant species including fruits, vegetables,
and grains [65]. Although numerous antioxidants are
involved in the total antioxidant capacity, which constituents
are more responsible to scavenge free radicals is not clear yet
[55].

Tables 3(a) and 3(b) showed correlations determined
between TPC, TFC, TFIC, and antioxidant capacity in edible
wild fruits determined by DPPH, OH™, H,0,, FRAP, and
PMA assays. In acetone extract TFIC exhibited significant
coeflicients of determination with total antioxidant proper-
ties determined by FRAP and PMA values (r’= 0.789 and
0.631), followed by TFC with PMA and FRAP (r?= 0.581 and
0.576, respectively). In water extract strong relationships were
deliberated for total flavonols and phenolics contents with
ferric ion reducing antioxidant potential and PMA value:
0.606, 0.598 and 0.532, respectively. The positive correlation
revealed contribution of phenolics content in free radical
inhibition and as natural antioxidants [21]. Additionally, such
relations demonstrated that the abovementioned antioxi-
dant assays are feasible and correspond to the free radical
scavenging activities [66]. However, negative correlations
were also calculated between phenolics and DPPH, OH",
and H,O, free radical scavenging activities. This suggests

that phytochemicals other than those studied in the present
analysis may be involved in DPPH, OH", and H,O, free
radical scavenging activities

4. Conclusion

Our findings revealed that the studied samples have signif-
icant potential to hunt free radicals and are rich in natural
antioxidants, particularly phenolics compounds. These fruits
are not only used to treat various health disorders, but could
also contribute significantly to the prevention of degenerative
diseases. In this context, present analysis is the gateway for
in-depth and comprehensive phytochemical profiling, in vivo
biological activities and antioxidant activity and medicinally
important wild edible fruits of the region. Furthermore,
edible wild fruits species could be an alternative source of
income generation for local inhabitants of the area and may
be used as germplasm by horticulturists and fruit farmers
to introduce new varieties and to provide healthy and more
delicious fruits for consumers.
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