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KEYWORDS Abstract The present study reports the phenolic antioxidants and phytonutrients profiling in the
Wild Jujube; wild jujube fruits which are naturally grown in Soon valley of Pakistan. Phenolic antioxidant com-
Nutra-pharmaceutical; ponents were recovered from shade-dried wild jujube fruits using various extracting solvents.
Phenolics; Among all extracting solvents tested, aqueous ethanol recovered the maximum amount of extrac-
Biological attributes; table antioxidant compounds from the fruits of wild jujube. Crude concentrated extracts (CCEs)
ICP-OES and phenolic rich fractions (PRFs) recovered from wild jujube fruits using aqueous ethanol con-

tained higher concentration of total phenolics and flavonoids along with superior biological poten-
tial. ICP-OES analysis disclosed the occurrence of twenty-five minerals, where potassium (14.80 g/
kg) and calcium (1.81 g/kg) were the dominant macro elements. The tested wild fruits juice was
found to contain individual natural sugars including galactose (1.27 g/100 g dry weight), glucose
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(1.07 g/100 g dry weight), sucrose (0.70 g/100 g dry weight) and xylose (0.04 g/100 g dry weight);
and gluconic acid (2.10 mg/100 g of dry matter) as dominant organic acid when analyzed on HPLC.
The concentration of phenolic antioxidants and biological activities vary significantly (p < 0.05)
among extracting systems used. A strong correlation was also recorded among total phenolic
(TP), total flavonoids (TF) and biological attributes of tested wild fruits. The results of this study
explored wild jujube fruits as a propitious source of natural phenolic components and valuable
nutrients which advocate its potential use in the development of functional food and nutraceutical

industry.

© 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open
access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

1. Introduction

Lipid oxidation is a severe problem in food industry due to its deleteri-
ous effects including off flavors and rancidity. The loss of nutritional
and organoleptic value of various food stuffs has been attributed to
its deleterious effects (Manian et al., 2008). In biological systems, the
perceived toxicity of reactive oxygen species (ROS) and free radicals is
associated to the incidence of various ailments including cardiovascular
disorders, inflammations, certain cancers, aging and metabolic syn-
dromes and aging (Anwar et al., 2013; Raghuveer, 2009). Plants have
extensively been used as promising source of folk medicine, fuel and
food. Due to occurrence of different class of phytochemicals including
terpenoids, alkaloids, phytosterols and polyphenols, plants impart
medicinal benefits. Phenolic components exhibit different medicinal
properties including lower incidence of certain cancers, metabolic syn-
dromes and inflammation ((Arabshahi-Delouee and Urooj, 2007;
Hussnain Siddique et al., 2022; Kamarazaman et al., 2022; Malik
et al., 2022).

Though the conventional food plants have been extensively used to
regulate and maintain various bodily processes. However, to cope the
challenges of growing concerns of public health and food insecurity
with growing population, there is dire need for exploration of vast
resources of under-utilized (wild and semi wild) food plants for potent
bioactive components and valuable nutrients (Shahidi, 2009). The
fruits of naturally grown plants have been documented as potential
source of folk medicines and food in various civilizations of the world
(Danbury et al., 2000).

Pakistan has huge reserves of potent medicinal flora which are
available for bioprospecting. A variety of plant species, naturally dis-
tributed in Pakistan, are traditionally very popular to be consumed
as folk medicine due to the presence of valuable bioactives and opti-
mum quantity of nutrients (Huang and Wang, 2004). Among others,
wildly grown fruit plants like Jujube are potential candidates to be
investigated for the presence of high-value phytochemicals to develop
nutraceuticals and functional foods with therapeutic properties.

Jujube (Ziziphus jujuba Mill), member of Rhamnaceae family, is
grown in subtropical and tropical regions of America and Asia. Its
fruits have extensive applications in different processed products
including cakes, loaf, jams and jelly. Different parts (fruits, seeds, bark,
leaves and roots) of jujube have been utilized in different folk medicine
systems to provide protection against various ailments due to occur-
rence of considerable amount of different vitamins, individual sugars,
valuable minerals, fatty acids and potent bioactives (Abdel-Zaher
et al., 2005; Memon et al., 2012). Red date or jujuba fruit has been sta-
ted as ““fruit of life” which is promising source of functional ingredients
including flavonoids, phenolics, saponins and polysaccharides. These
potent ingredients have been believed for different biological potential
such as immune function regulation, lowering of blood triglyceride and
anti-proliferation activity of cancer cell (Dahiru and Obidoa, 2008; Li
et al., 2011).

Recently, scientists and food biotechnologist have focused different
vegetables and fruits including jujube for the presence of phenolic com-
ponents which have extensively contributed to establishing their

antioxidant potential. Antioxidant and anti-inflammation potential
of jujube have been ascribed to the occurrence of various phenolic
acids including p-hydroxybenzoic, caffeic, ferulic and p-coumaric acids
(Kamiloglu et al., 2009; Muchuweti et al., 2005). The seeds of jujube
have been found very effective to improve the level of glucose in blood
(Al-Reza et al., 2010). Due to high nutritional and therapeutic value of
jujube fruits, it has commonly been consumed as folklore medicine to
cure different ailments including palliative, antibechic, analeptic
(Memon et al., 2012).

Due to the growing interest in medicinal properties of wild plants,
exploration of composition of under-utilized wild fruits is promptly
needed. The importance of phenolic bioactives as chemo-preventive
agent together with the existing information gap invigorated us to
characterize phytonutrients and phenolic antioxidant compounds in
wild jujube fruit. This is a first report on analytical characterization
of phytonutrients and phenolic antioxidant components in wild Jujube
fruits native to Pakistan. Therefore, this research project (Fig. 1) was
planned to evaluate various phenolic antioxidant compounds, high-
value phytonutrients and biological activities in the fruits of wild
Jujube from Soon valley of Punjab, Pakistan for exploring their poten-
tial to develop functional foods and nutraceuticals.

2. Material and methods

2.1. Extraction, fractionation and pretreatment of samples

The fruit samples were taken at full ripening stage from Jujube
trees, grown naturally in Soon valley of Punjab, Pakistan (Speci-
fic Geographical Coordinates: 32°58/N 72°15'E). This valley has
specific agroclimatic conditions where annual precipitation is
50 cm, minimum and maximum average temperatures are 1 °C
and 36 °C, respectively and annual precipitation (50 cm). After
authentication by a taxonomist, collected fruits samples were
washed using distilled deionized water and shade-dried followed
by storing at —20 °C in polythene bags till further analysis.
These samples were pulverized using an electric grinder machine
(Tector—Cemotec 1090 sample mill, Hognas, Sweden). These
minced samples were soaked in different extraction solvents
such as aqueous methanol (80: 20, methanol: water), absolute
methanol (100 %), aqueous ethanol (80: 20, ethanol: water),
absolute ethanol (100 %), aqueous acetone (80: 20, acetone:
water) and absolute acetone (100 %) for five days.

These mixtures were filtered through filter paper (What-
man, 8) to separate insoluble residue followed the removal
of excessive solvent using rotavapor (EYELA, Tokyo, Japan)
to produce crude concentrated extracts (CCEs). These recov-
ered CCEs were processed for fractionation to achieve pheno-
lic rich fraction (PRFs) following a method (Maheshwari et al.,
2011). The CCEs and PRFs were preserved at —20 °C freezer
to be analyzed further.
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Jujube Tree

Fig. 1

2.2. Total flavonoid content (TFC) in CCEs/PRFs

TFC in the ripened fruits of wild jujube was quantified follow-
ing a protocol stated by Ahmad et al. (Ahmad et al., 2011).
Briefly, CCEs/PRFs (100 mg/mL) was mixed with NaNO,
(5 %; 0.3 mL) in distilled water (5.0 mL). After incubation,
resulting solution was allowed to react with AICl; (10 %;
0.6 mL) and NaOH (1.0 M; 2 mL). The optical density (OD)
resultant solution was taken at 510 nm. The concentration of
TFC was estimated as catechin equivalents (CE) g/100 g dry
matter using catechin calibration curve.

2.3. Total phenolic content (TPC) in CCEs/PRFs

TPC in the ripened fruits of wild jujube were estimated using
Folin—Ciocalteu reagent method stated by Ahmad et al.
(Ahmad et al., 2011). Concisely, CCEs/PRFs (I mg/mL) was
diluted in deionized water (7.5 mL), mixed with sodium car-
bonate (20 % (w/v); 1.5 mL) and Folin-Ciocalteu reagent
(0.5 mL) followed by heating at 40 °C for 20 min using water
bath. The absorbance of final solution was taken at 755 nm
using a spectrophotometer (Hitachi U-2001). TPC were deter-
mined as Gallic Acid Equivalents (GAE) g/100 g dry matter
using gallic acid standard curve.

2.4. Free radical scavenging attributes of CCEs/PRFs

DPPH radical scavenging assay was conducted following a
protocol Tepe etal. (Tepe et al., 2005) to evaluate the potential
of CCEs/PRFs, recovered from ripened fruits of wildly grown
jujube, to inhibit DPPH radical in terms of ICsy value. The
methanolic solution of DPPH (0.004 %; 5 mL) was mixed with
each concentration (0.10 to 5.0 mg/mL) by incubating in ambi-
ent conditions for 30 mins. OD of each solution was recorded
at 517 nm (Eq. (1)).

1(%) = {%‘j % 100 (1)

=>
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Schematic presentation of the present research work undertaken.

Where, As and A, are OD of sample and blank, respec-
tively, while I is inhibition potential.

2.5. Reducing capacity of CCEs|/PRFs

Reducing ability of CCEs/PRFs were estimated following a
methodology stated by (Yen et al., 2000). Concisely, equal
amount of potassium ferricyanide (1.0 %), sodium phosphate
buffer (0.2 M, pH 6.6) and CCEs/PRFs (5-20 mg) were mixed
and allowed to incubate at 50 °C for 20 min. Then trichloroa-
cetic acid (10 %; 5 mL) was reacted with resultant solution to
spin (980 g;10 min) using centrifuge machine (CHM-17; Koku-
san Denki, Japan). The supernatant (2.5 mL) was recovered
and then reacted with FeCl, solution (0.1 %; 0.5 mL) and dis-
tilled water (2.5 mL). The OD of the final solution was
recorded at 700 nm using spectrophotometer (Hitachi U-2001).

2.6. Inhibition of peroxidation

The potential of various CCEs/PRFs was measured by inhibit-
ing peroxidation in linoleic acid system following a protocol
stated by Ahmad et al. (Ahmad et al., 2011). Sample solution
was prepared by mixing CCEs/PRFs (5 mg) with sodium phos-
phate buffer (0.2 M; pH = 7; 10.0 mL), ethanol (99.8 %;
10 mL) and linoleic acid (0.13 mL) followed by addition of dis-
tilled water (5 mL) and incubation at 40 °C. The method devel-
oped by Yen et al., (2000) was used to measure degree of
oxidation. Concisely, ammonium thiocyanate (30 %;
0.2 mL), ethanol (75 %;10 mL), ferrous chloride (20 mM in
3.5 % HCI; 0.2 mL) and sample solution (0.2 mL) were mixed
and its OD was taken at 500 nm (Eq. (2)).

1(%) = 100 — {%} ~ 100 (2)

Where, 1 (%) is a percentage inhibition, A and A, are
absorbance values of sample and control (treatment without
CCE/PRF) at 350 h. Positive controls: ascorbic acid and buty-
lated hydroxytoluene.
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2.7. Antimicrobial capacity

Antimicrobial attribute of CCEs/PRFs was determined against
a set of pathogenic microbial strains (Escerichia coli, Bacillus
cereus, Fusarium oxysporum, Aspergilus flavus, Staphylococcus
aureus and Aspergilus niger) following disc diffusion and micro
dilution broth methods (NCCLS, 1999, 1997). Fungal and bac-
terial strains were grown at 29 + 2 °C and 37 £ 2 °C on
potato dextrose agar and nutrient agar (Oxoid), respectively.

Briefly, broth culture (100 pL) of bacterial cell (with 10*
cfu/mL) and fungal strains (10* cfu/mL spores) were spread
on their respective growth media. Filter paper discs (6 mm in
diameter) were autoclaved and then placed on microbial cul-
tured plates after soaking in CCEs/PRFs (100 mg/mL). Nega-
tive control (without sample) and positive control (rifamycin
and fluconazole) were also run under same experimental con-
ditions. Sample and control plates were processed for incuba-
tion at 29 °C for 48 h for fungal and 37 °C for 24 h for
bacterial strains. The inhibition of tested microbial growth
was appraised measuring the zone of inhibition (mm) against
the control to express antimicrobial potential.

Minimal inhibitory concentration (MIC) was calculated
by culturing bacterial and fungal strains in nutrient broth
(NB) and sabouraud dextrose broth (SDB) augmented with
Tween 80. Positive controls (tested microorganisms without
extracts), sterility control (Tween 80 + test extract + NB)
and growth control (Tween 80 + NB) were also run under
similar experimental conditions. Rifamycin and fluconazole
were employed as standard bactericidal and fungicidal com-
pounds, respectively. After incubation, the lowest concentra-
tion of CCE/PRF without growth was recorded as MIC
value.

2.8. Inhibition of biofilm formation

In this analysis, the potential of various CCEs/PRFs was
assessed by inhibiting the formation of biofilm by different
bacterial culture such as E.coli and S. aureus (Stepanovic
et al. 2000). Briefly, samples (2.5 and 5.0 pg) were dissolved
in DMSO and mixed with nutrient broth (100 pL) in wells of
microtiter plate followed inoculation with bacterial culture
(20 pL with 10° CFU/mL). Negative control (growth medium
and bacterial culture) and positive control (rifampicin and
growth medium) were also run under similar experimental con-
ditions. Microtiter plate containing sample and control treat-
ment were allowed for incubation at 37 °C for 24 h. followed
by washing with sterile phosphate buffer (pH: 7.2; 220 pL)
to detach loosely attached bacterial cells. Then aqueous metha-
nol (99 %, 220 pL) was added to each well for 15 min followed
by emptied and dried. Each well of microtiter plate was rinsed
with distilled water after staining with crystal violet (50 %,
220 pL) for 5 mins. After drying each well, bound stain was
resolubilized in glacial acetic acid (33 %, 220 pL). OD each
well was recorded by microplate reader (Biotek, USA) at
630 nm. Inhibition (%) of bacterial growth was estimated as
shown in Eq. (3).

e ODsum le at 630 nm
Inhibition(%) = 100 — {pi} 3
( O) ODcomrol at 630 nm ( )

2.9. Haemolytic activity of CCEs/PRFs

A spectrophotometric technique was utilized to assess haemo-
lytic potential of CCEs/PRFs (Yang et al., 2005). Briefly, equal
volume of each concentration of plant extract (125, 250, 500
and 1000 pg/ml) was reacted with cell suspension by incubat-
ing (30 min) at 37 °C. The resulting mixture was allowed to
spin at 1500 rpm. Consequently, free hemoglobin was esti-
mated in recovered supernatant by processing at 540 nm using
UV-vis spectrophotometer. Minimal (phosphate buffer saline)
and maximal (distilled water) hemolytic controls were also
processed under same experimental conditions and percentage
hemolysis is estimated Eq. (4).

Hemolysis(%) — L’:‘;ﬂ % 100 )

. —
Where, A, A, and A. represented absorbance values of
sample, control (saline control) and control (water control).

2.10. Antithrombotic activity

Antithrombotic activity of CCEs/PRFs was carried out fol-
lowing a method (Prasad et al. 2006). Briefly, blood sample
(0.5 mL) was mixed with different concentrations of CCEs/
PRFs in separate micro-centrifuge tubes. Positive control
(streptokinase) and blank (normal saline only) were also run
along with sample treatments. Reaction between blood sample
and plant extract was noted. All reactions were processed in
water bath (37 °C).

2.11. Quantification of minerals

The fully ripened fruits of wildly grown jujube were examined
for minerals by inductively coupled plasma-optical emission
spectroscopy (ICP-OES) (Link et al., 1998). Fruit samples
were digested with concentrated HNO; and HCI (1:3) in
microwave oven for 9.5 min at 182 °C following USEPA
method (3051A). The reaction mixture was cooled down, fil-
tered, centrifuged and then diluted to required volume with
water followed by analysis using ICP-OES. Preparation of
samples and standards, dilution and washing were carried
out using high-purity water (18 MQ cm).

2.12. Analysis of organic acids and HPLC conditions

The organic acid profiling of wild jujube fruits were performed
according to the protocol (Mahmood et al., 2012). Concisely,
fresh wild olive fruits (10 g) were crushed with distilled water
(20 mL) in a blender machine (Ika-Labortechnik). The result-
ing fruit juice was subjected to spin for 10 min at 3000 g. The
suspended debris in supernatant were removed by filtering
through filter paper (0.25 um).

The recovered fruit juice was analyzed for organic acid
using HPLC (Varian Pro star, USA) coupled with UV-vis
detector and column (RP-Cyg, 250 x 2.0 mm x 1/4”). The flow
rate of mobile phase (0.001 N H,SO,) was kept 1.0 mL/min.
Organic acids were analyzed at 230 nm and their quantitative
was done by calibration method of external standards (acetic,
gluconic, succinic, oxalic, malic and citric acids). The process-
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ing of obtained chromatographic data was done using Varian
Chem. Station.

2.13. Analysis of individual sugars and HPLC conditions

Quantitative analysis of sugars in wild jujube fruits was done
following a protocol reported by Mahmood et al.
(Mahmood et al., 2012). Concisely, fresh wild olive fruits
(10 g) were crushed with distilled water (20 mL) in a blender
machine (Ika-Labortechnik). The resulting fruit juice was sub-
jected to spin for 10 min at 3000 g. The suspended debris in
supernatant were removed by filtering through filter paper
(0.25 pm).

The recovered fruit juice was analyzed for individual sugars
using HPLC (Shimadzu, Japan) coupled with refractive index
detector (RID-10A) and column (Lichrospher R-100). Ace-
tonitrile was chosen as mobile phase whose flow rate was
adjusted at 0.6 mL/min. Retention times of samples were com-
pared with those of standards to detect and quantify natural
sugars.

2.14. Statistical treatment

All experimental data was statistically analyzed using STA-
TISTICA 5.5 (Stat SoftInc, Tulsa, Oklahoma, USA) software.

3. Results and discussion

3.1. Extraction yield

Due to difference in the polarity of individual plant phenolic
compounds, pure solvents and their aqueous mixtures were
used to extract potent bioactives from the wild jujube fruits.
The yield of extraction (g/100 g) of crude concentrated extracts
(CCEs) from the tested fruits with different solvent systems
including aqueous ethanol (80:20, ethanol: water), absolute
ethanol, aqueous methanol (80:20, methanol: water), absolute
methanol, aqueous acetone (80:20, acetone: water) and abso-
lute acetone was recorded (Fig. 2., S1). The yield of extractable
bioactives, recovered from tested wild fruits was found to vary
noticeably over the range of 6.95-55.63 g/100 g of dry matter.
The maximum yield (55.63 %) of CCE was recovered using
aqueous ethanol while the absolute acetone extracted the min-
imum yield (6.95 %) of CCE from tested wild fruits.

The CCE:s of tested wild jujube fruits have some impurities
including lipid molecules which are responsible to hinder the
detection and eventually affect the true antioxidant potential
of recovered extracts. To remove these types of interfering sub-
stances, CCEs were further purified/fractioned using sequen-
tial liquid-liquid fractionation. The yield of PRFs from
CCEs, recovered using different extraction solvents from fruits
of wild jujube, was calculated (Fig. 2, S1). The yield of PRFs
from wild jujube fruits varied over the range of 3.40-19.00 g/
100 g of crude extract. The highest PRF yield (19.00 %) was
purified from absolute ethanol derived CCE while the mini-
mum PRF yield (3.4 %) was produced from aqueous methano-
lic extract.

The higher yield of extracts from jujube fruits with aqueous
ethanol supports its better efficiency to recover extractable
antioxidant molecules. The yield of phenolic antioxidant mole-

5
60
50 - % / 777 CCE
_ ] % é PRF
10
s 10 0 0
£ 207 g“ﬁ é ZW g
B
A B c D E F
Solvents

Fig. 2 Extraction yield of CCEs/PRFs of wild jujube fruits
(A = Absolute Methanol, B = Aqueous Methanol, C = Absolute
Ethanol, D = Aqueous Ethanol, E = Absolute Acetone and
F = Aqueous Acetone).

cules, recovered from tested wild fruits with various extracting
solvent systems, were found to vary significantly (p < 0.05).
The differences in the extraction yield with different solvents
was also reported (Shabir et al., 2011; Sultana et al., 2009).
According to different reports, aqueous ethanol and aqueous
methanol have been proven to be efficient to recover phenolic
bioactives from tested samples (Chen et al., 2001; Jiao and
Zuo, 2009; Manzoor et al., 2013; Shabir et al., 2011; Zuo
et al., 2002). In current analysis, aqueous ethanol can be a
good selection for optimal extraction food-grade bioactives.
Afroz et al., (2014) employed methanol as extracting solvent
to recover crude extract (11.25 %) from the fruits of jujube cul-
tivar, however, this extraction yield is lower than those of
extracted with methanol in present analysis. The variation in
yield of extract might be ascribed to nature of soil, amount
of extractable components and agro-climatic conditions of
experimental sites (Mahmood et al., 2012).

3.2. Total phenolics content (TPC) and total flavonoids content
(TFC)

Due to the availability of various potent bioactives in plant
phenolics, its utilization in food industry has continuously
been increasing over the past decades (Wojdyto et al., 2007).
Antioxidant potential of various vegetables and fruits was
attributed to their phenolic and flavonoid molecules
(Katalinic et al., 20006).

TPC and TFC in CCEs/PRFs of the wild jujube fruits with
different extracting solvent systems are estimated (Figs. 3-4),
S1). The amount of TPC and TF in CCEs of tested fruits
was found to be in the range of 0.01-2.45 GAE (g/100 g) &
0.01-0.17 CE (g/100 g), respectively. The highest TPC
(2.45 g/100 g of DW) and TF (0.17 CE g/100 g) was found
in CCE extracted with aqueous ethanol while minimum
amount of TPC (0.01 g/100 g of DW) and TFC (0.01 CE
¢/100 g) was found in CCE of absolute acetone. The amount
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Fig. 3 Total phenolic content in CCEs/PRFs of wild jujube
fruits (Explanation as given in Fig. 2).
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Fig. 4 Total flavonoid content in CCEs/PRFs of wild jujube
fruits (Explanation as given in Fig. 2).

of TP recovered from wild jujube fruits with various extraction
solvents was found to vary significantly (p < 0.05).

TPC and TFC in wild jujube fruit PRFs was found to vary
from 1.83 to 4.75 GAE (g/100 g) & 0.16-0.41 CE (g/100 g).
The PRF, purified from aqueous ethanol CCE, contained
highest TPC (4.75 GAE g/100 g) and TFC (0.41 CE
g/100 g), respectively. The minimum amount of total phenolics
(1.83 GAE) and total flavonoids (0.16 CE g/100 g) was
recorded in PRF, purified from absolute methanol CCE. The
amount of TP and TF in CCEs and PRFs of tested wild fruits
varied significantly (p < 0.05) relative to extracting solvents.
Though, the yield of PRFs was lower than that of CCEs,
but their total phenolic and flavonoid content were approxi-
mately 3—4 times higher than those of CCEs. The data thus
obtained in this study indicated a successful purification of

phenolic  compounds
extractions.

TPC and TFC in the fruits of wild jujube were determined
rarely before. However, TPC in the present analysis was found
to be higher than those of fruits from different jujube cultivars
(Das, 2012; Gao et al., 2012, 2011; Kamiloglu et al., 2009; Li
et al., 2005; Wang et al., 2019; Wu et al., 2012; Xue et al.,
2009; Zhang et al., 2021; Zhao et al., 2014), however, lower
than the findings of Gunduz and Saracoglu, (Gunduz and
Saracoglu, 2014). TFC in tested wild jujube fruit was lower
than those of different jujube fruit cultivars (Zhao et al.,
2014). The TPC of tested wild fruits of jujube was higher than
those of methanolic extract of wild orange (Lala et al., 2020),
acidified methanolic extract of wild black berry (Radovanovic¢
et al., 2013), aqueous methanolic extract of raspberry fruit
(Bobinaite et al., 2013). The amount of TF in tested fruit sam-
ple was superior to those reported by (Nakilcioglu and Hisil,
2013), but comparable to methanolic extract of wild orange
(Lala et al., 2020). These differences in the amounts of TFC
and TPC among various varieties of fruit from different origin
may be attributed to stage of maturity, harvesting season,
agro-climatic conditions and genetic makeup of the plants.

through sequential liquid-liquid

3.3. Antioxidant potential in terms of reducing power

The reducing capacity of CCEs/PRFs, recovered from wild
jujube fruit, was assessed by measuring the reduction of ferric
into ferrous with the help of reducing agents present in the
CCEs/PRFs (Joshi et al., 2010). Antioxidant potential of
CCEs/PRFs is directly linked to the amount of reducing agents
in it (Zou et al., 2004). In this work, regular pattern of rise in
reducing potential as a function of concentration of CCEs/
PRFs was observed (Figs. 5-6), S2). The reducing potential
of CCEs and PRFs, recovered from wild jujube fruit, were sig-
nificantly (p < 0.05) differ from each other. Li et al. (Li et al.,
2005) noticed similar trend of reducing potential in relation to
the concentration extracts of different Chinese jujube cultivars.

The occurrence of reducing agents in the extracts induces
the reduction of Fe** /ferricyanide complex into Fe*". Color

1.0 4

/)5 mg

0.8

Q
o
I

Reducing power
o
N
1

0.2

Solvents

Fig. 5 Reducing potential of CCEs of wild jujube fruits
(Explanation as given in Fig. 2).
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Fig. 6 Reducing potential of PRFs of wild jujube fruits
(Explanation as given in Fig. 2).

intensity of resultant complex depends on the reducing ability
of bioactive components in extracts. So, the absorption of light
was enhanced with higher color intensity of complex and con-
sequently antioxidant capacity was improved (Zou et al.,
2004).

3.4. Free radical scavenging potential

DPPH, a stable nitrogen-centered free radical, has absorption
maxima in the range of 515-528 nm. By having proton from
phenolic components, DPPH becomes yellow by losing its
chromophore. With the increasing concentration of phenolic
components in plant extracts, its antioxidant potential (DPPH
radical scavenging ability) also enhanced (Larrauri et al.,
1999). Various extracts (CCEs and PRFs), recovered from wild
jujube fruits using different solvents exhibited an appreciable
DPPH radical scavenging activity by exhibiting ICsy values
over the range of 0.13-1.73 mg/mL and 0.09-0.37 mg/mL,
respectively (Fig. 7, S2). Among all extracts, CCE/PRF recov-
ered using aqueous ethanol showed highest free radical scav-
enging potential with corresponding ICs, value (0.13 mg/mL,
0.09 mg/mL). All the tested CCEs/PRFs showed lower antiox-
idant potential in comparison to positive control (BHT).
DPPH radical scavenging ability of tested CCEs/PRFs of wild
jujube fruits can be linked with phenolic compounds present in
them (Siddhuraju et al., 2002).

DPPH radical scavenging ability of PRFs (ICs, value; 0.09—
0.37 mg/mL) was noticed to be significantly (p < 0.05) lower
than those of CCEs (ICsq value; 0.13—1.73 mg/mL). This incre-
ment in antioxidant potential in terms of DPPH radical scav-
enging activity may be ascribed to enhanced content of
phenolic components in PRF after successful fractionation of
CCEs.

There is no report available on DPPH radical scavenging
activity of CCEs/PRFs, recovered from wild jujube fruits.
The results of DPPH radical scavenging assay of CCEs/PRFs
of wild jujube fruit was in line with those of reported by Afroz
et al. (Afroz et al., 2014). ICsy value of present analysis was
found to be higher than the findings of Plastina et al.
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Fig. 7 Free radical scavenging potential of CCEs/PRFs of wild
jujube fruits (Explanation as given in Fig. 2).

(Plastina et al., 2012) and lower than the results of Das,
(Das, 2012). Zhang et al. (Zhang et al., 2010) and Gao et al.
(Gao et al., 2011) estimated DPPH radical scavenging capacity
of different jujube fruit cultivar over the range of (28.56—
51.30 mg AEAC/100 g DW) and (1.35-3.38 mmol trolox
eq/100 g FW), respectively. DPPH radical scavenging potential
of tested jujube fruit’s CCEs/PRFs was found to be higher
than those of hydroxymethanolic extract of apple (Pires
et al., 2018), aqueous-ethanolic extract of wild apricot (Qin
et al., 2019).

3.5. Inhibition of peroxidation

Various CCEs/PRFs of wild jujube fruits were evaluated to
assess the ability to inhibit the process of peroxidation in lipid
molecules (Fig. 8., S2). Lipid molecule such as linoleic acid

90
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Fig. 8 Inhibition of peroxidation by CCEs/PRFs of wild jujube
fruits (Explanation as given in Fig. 2).
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produces peroxides ions by oxidation. These peroxides were
found to produce a complex by combing with SCN™ whose
concentration was estimated at 500 nm using double beam
spectrophotometer. Wild jujube fruit’s CCEs/PRFs inhibited
the lipid peroxidation in the range of 34.46-74.91 % and
74.02-81.91 %, respectively. The highest potential to inhibit
the peroxidation was exhibited by CCE (74.91.65 %) and
PRF (81.91 %) recovered using aqueous ethanol while the low-
est was exhibited by CCE (34.46 %) and PRF (74.02 %) using
absolute acetone and aqueous ethanol, respectively.

Among all extracts, CCE/PRF recovered with aqueous
ethanol exhibited highest ability to retard the process of perox-
idation in lipid molecules showing its superior antioxidant
activity that is ascribed to higher concentration phenolic com-
ponents in them. The ability of various CCEs/PRFs to inhibit
the peroxidation in lipid molecules were found to be lower
than that of BHT (92.01 %). Wild jujube fruit’s PRFs showed
considerably higher potential to retard the process of oxidation
in lipidic molecules in comparison to their corresponding
CCEs, which revealed increment in the concentration of phe-
nolic components due to the successful pre-concentration step.
No reports are present on inhibition of lipid peroxidation by
tested wild jujube fruit. Li et al. (2005) and Zhao et al.
(2014) reported the potential of crude extract, recovered from
jujube fruit cultivars, to inhibit lipid peroxidation in the range
of 28.4-87.8 % and 73.3 %, respectively.

3.6. Antimicrobial activity of CCEs and PRFs

A variety of antimicrobial drugs have been isolated from dif-
ferent plant materials to cure different health disorders
(Ahmad et al., 2011; Hussain et al., 2011, 2008). Antimicrobial
potential of CCEs/PRFs, recovered from wild jujube fruits,
was evaluated against different microbial strains (Table 1) by
measuring the zone of inhibition and MIC. These MIC values
provide information about the concentration of antimicrobial
agents to retard the bacterial growth (Walsh et al., 2003).

Staphylococcus aureus was the most sensitive bacterial
strain with greater zone of inhibition ranging (7-15 mm and
11-17 mm) with lower crossponding MIC values (193-252 pn
g/mL and 165-209 pg/mL), respectively, when exposed to
CCEs and PRFs of wild jujube fruit. Highest antimicrobial
activity with lowest MIC value was recorded for CCE
(193 pg/mL) and PRF (165 pg/mL), recovered with aqueous
methanol, against Staphylococcus aureus. Lowest antimicro-
bial activity of wild jujube fruit’s extract, recovered with abso-
lute acetone, was recorded with relatively smaller zone of
inhibition (5-8 mm) and corresponding higher MIC values
(221-252 pg/mL). Antimicrobial activity of CCEs and PRFs
was significantly (p < 0.05) lower in comparison to positive
control (rifamycin).

Aspergilus niger was the most sensitive fungal strain against
wild jujube fruit’s CCEs/PRFs exhibiting greater inhibition
zone (5-16 mm and 13-19 mm) with corresponding lower
MIC values (191-289 pg/mL and 160-207 pg/mL) (Table 2),
respectively. Fusarium oxysporum was the least sensitive fungal
strain against CCEs and PRFs with relatively larger inhibition
zones (5-13 mm; 9-13 mm) with their corresponding higher
MIC values (209-301 pg/mL; 129-251 pg/mL). The higher
antimicrobial potential of CCE and PRF, recovered using
aqueous ethanol, is ascribed to the higher concentration of

phenolic components in them. Plant phenolic bioactives have
a variety of biological attributes including antimicrobial,
antioxidant, astringent, anti-inflammation and astringent
activity (Anwar et al, 2015; Jacob Vaya and Saeed
Mahmood, 2006; Rubnov et al., 2001).

Indian jujube was evaluated for antimicrobial traits against
a set of pathogenic microbial strains including E.coli, B. cereus,
S. aureus, and A. niger with zone of inhibition as 14.33, 13,
15.33 and 7.67 mm, respectively (Das, 2012). Daneshmand
et al. (Daneshmand et al., 2013) appraised Iranian jujube for
their antimicrobial potential of against a panel of bacterial
strains including S. aureus, E. coli and B. cereus with MIC
value as 0.65, 2.26 and 1.5 mg/mL, respectively, which is found
to be lower than that of results of present analysis. Similarly,
antimicrobial activity of Bangladeshi jujube fruits was esti-
mated against E. coli and S. aureus by measuring the zone of
inhibition as 17.50 and 16.83 mm, respectively (Afroz et al.,
2014), which is higher than those of our present analysis.

The CCEs/PRFs of wild jujube fruit was found to exhibit
superior antimicrobial potential against E.coli, S. aureus and
B. cereus in comparison to: methanolic extract of wild orange
against staphylococcus sp. (Lala et al., 2020); aqueous ethanolic
extract of wild apricot against S. aureus, E.coli and B. cereus
(Qin et al., 2019); acidified methanolic extract of wild black
berry against E.coli. (Radovanovic et al., 2013).

3.7. Biofilm inhibition by CCEs and PRFs

Biofilm formation offers shielding effect to bacterial cells
against different antibiotics (Parsek and Singh, 2003). This
predominant mode of growth exhibited low susceptibility var-
ious kind of inhibitors which is a matter of concern (Limsong
et al., 2004). As an alternatives, different plant-based phyto-
medicines were isolated and used in traditional medicine sys-
tems against microbial infections (Prabu et al., 2006).

Plants extracts (CCEs and PRFs) of wild jujube fruits were
evaluated for their potential to control biofilm formation
caused by Staphylococcus aureus and Escherichia coli. Biofilm
inhibition potential of CCEs and PRFs of wild jujube fruits
was found to be in the range of 31.62-75.23 % and 58.09—
79.72 %, respectively (Table 3). Among all extracts tested,
aqueous-methanolic CCE/PRF have shown highest potential
(73.49-75.23 % and 76.95-79.72 %) to inhibit biofilm forma-
tion while the minimum biofilm inhibition potential was dis-
played by absolute acetone CCE (31.62-46.56 %) and PRF
extracted from absolute ethanolic extract (58.09-70.08 %).
This superior biofilm inhibition potential of hydroxymethano-
lic CCE/PREF is linked to the availability of higher concentra-
tion of phenolic components. Therefore, PRFs showed
considerably better potential to inhibit biofilm formation com-
pared to those of corresponding CCEs due successful pre-
concentration of phenolic molecules. Biofilm inhibition capac-
ity of tested CCEs/PRFs were found to be lower than that of
standard drug, Rifamycin (87.91-89.43 %).

This is the first report in which potential of wild jujube
fruit’s CCEs/PRFs was evaluated to inhibit biofilm formation.

3.8. Thrombolytic activity of CCEs and PRFs

Synthetic drugs (urokinase and streptokinase) have been
employed to cure thrombosis but their use have few serious



Table 1 Antibacterial potential of CCEs/PRFs.

Solvents

Zone of inhibition (mm)

MIC (ug/mL)

CCE PRF CCE PRF

S. aureus E.coli B. cereus S. aureus E.coli B. cereus S. aureus E.coli B. cereus S. aureus E.coli B. cereus
Absolute Methanol  10.0 + 0.79° 12.0 + 0.5 8.0 + 04¢ 11.0 + 0.7 14.0 + 0.9° 9.0 + 0.6¢ 225 + 8° 236 + 6° 241 + 9% 209 + 8 195 + 6* 220 + 8
Aqueous Methanol  15.0 + 0.8 150 + 0.7° 14.0 = 0.5° 17.0 = 0.8® 16.0 + 0.6° 14.0 + 0.8° 193 + 79 201 + 8% 219 + 9 165 + 9° 169 + 10° 184 + 9°
Absolute Ethanol ~ 11.0 £ 0.8%  13.0 £ 0.7°° 10.0 + 0.7° 14.0 = 0.7° 15.0 £ 0.8°° 12.0 + 0.8° 219 + 9 209 + 9° 249 + 9* 199 + 8% 188 + 9* 244 + 9*
Aqueous Ethanol 13.0 + 0.6° 14.0 + 0.5°° 11.0 £ 0.6° 140 + 0.8° 150 + 0.9° 10.0 = 0.7 209 + 6° 223 + & 234 + 8 187 £ 9®° 176 + 7°° 235 + 10*
Absolute Acetone 7.0 + 0.2° 5.0 + 0.2° 8.0 + 0.5¢ - = = 252 + 11° 270 £ 11* 221 + 6> — = =
Aqueous Acetone 8.0 + 0.3° 9.0 + 0.3¢ 10.0 + 0.8° - = = 242 + 8% 225 + 10" 216 + 8 — = -
Rifamycin 24* 26° 18° 24% 26% 182 124° 96° 146° 124° 96¢ 146°
The letters (superscripts) with the given data (mean + SD) in a column shows significant difference (p < 0.05) among the solvents.
Table 2 Antifungal potential of CCEs/PRFs.

Zone of inhibition (mm) MIC(ng/mL)

CCE PRF CCE PRF
Solvents

A. niger A. flavus F. oxysporum A. niger A. flavus F. oxysporum  A. niger A. flavus F. oxysporum  A. niger A. flavus  F. oxysporum
Absolute Methanol  12.0 + 0.5°° 10.0 + 0.6° 9.0 + 0.6¢ 140 + 0.8° 11.0 £ 0.7° 9.0 + 0.4° 208 + 74 231 £ 7°° 265 + 9° 199 + 9%® 224 + 6° 237 + 8°
Aqueous Methanol 16.0 = 0.9° 150 + 0.8° 13.0 = 0.8° 19.0 = 1.2° 16.0 = 04> 13.0 = 0.8° 191 + 9% 183 = 9% 209 + 8¢ 160 + 6° 198 + 5° 205 + 6°
Absolute Ethanol ~ 12.0 = 1.0° 14.0 = 1.1° 10.0 = 0.7 14.0 £ 0.9° 16.0 = 0.5° 10.0 £ 04> 251 + 8> 210 + 10° 276 £ 10° 190 + 7°® 181 + 79 129 + 5¢
Aqueous Ethanol ~ 13.0 = 0.8° 9.0 = 0.9° 11.0 = 0.5° 13.0 £ 0.6° 10.0 £ 0.9° 10.0 £ 0.7°° 219 = 10° 245 £ 10> 237 + 9° 207 £ 9% 240 + 9° 251 + 9°
Absolute Acetone 5.0 = 0.6 6.0 £ 0.5° 5.0 + 0.3° = = = 289 + 9* 281 + 7* 301 + 12° - - -
Aqueous Acetone 9.0 £ 029 8.0 + 049 8.0 + 0.5 — = = 251 £ 7° 262 + 9 271 + 10° = = =
Fluconazole 23% 242 20% 232 242 20% 134° 126f 160° 134¢ 1264 160°

The letters (superscripts) with the given data (mean £+ SD) in a column shows significant difference (p < 0.05) among the solvents.
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Table 3 Biofilm inhibition, hemolytic and thrombolytic activity of CCEs/PRFs.

Thrombolytic activity (%)

CCEs

Hemolytic activity (%)

CCEs

Biofilm inhibition (%)

CCEs

PRFs

PRFs

PRFs

Solvents

E.coli S.aureus E.coli

S.aureus

4331 + 1.74¢
62.87 + 1.29*

50.65 + 1.18°

37.13 + 1.92%°
48.72 + 1.90°

2.76 + 0.12° 2,67 £ 0.07*

68.83 + 1.90°
76.95 + 1.68°
58.09 + 1.57¢
69.90 + 1.52°

71.37 + 2.024
79.72 + 1.75°
70.08 + 1.859
75.16 + 1.69°

65.24 + 1.56°

67.51 + 1.40°
73.49 + 1.35°
64.07 + 1.624

Absolute Methanol
Aqueous Methanol

Absolute Ethanol

241 + 0.05°

2.65 + 0.08°

7523 + 2.17°
40.74 + 1.43¢

4139 + 1.73%
43.02 + 1.21°

2.27 + 0.04°

2.15 + 0.094
231 + 0.11¢

57.44 + 1.78°

2.15 + 0.05¢

61.76 + 2.20°

70.51 + 2.19%¢

Aqueous Ethanol

37.02 + 0.87%
39.65 + 0.72°

3.58 £+ 0.13%

31.62 + 1.21°
43.13 + 2.07¢
89.43 + 3.94

46.56 + 0.97°
59.73 + 1.72¢
87.91 + 4.12°

Absolute Acetone

2.82 £ 0.12°

Aqueous Acetone

89.43 + 3.94%

87.91 + 4.12°

Control (Rifamycin)

PBS

1.54

100

Triton X-100

3.84

Water

92.34

Streptokinase

The letters (superscripts) with the given data (mean + SD) in a column shows significant difference (p < 0.05) among the solvents.

health complications (Collen, 1990). Therefore, several herbs
have been reported to express promising thrombolytic poten-
tial (Mclaughlin et al., 1998). Plant-based components (flavo-
noids, polyphenols and hydrotyrosols) affect platelet
function and thrombogenicity (Maheshwari et al., 2011;
Singh et al., 2008).

Thrombolytic potential of CCEs and PRFs, recovered from
the fruits of wild jujube, was found to be varied over the range
of 37.02-48.72 % and 43.31-62.87 %, respectively (Table 3).
The maximum thrombolytic capacity was exhibited by
hydoxymethanolic CCE (48.72 %) and PRF (71.42 %) while
the lowest for absolute acetone extract (37.02 %) and absolute
methanolic PRF (43.31 %). Aqueous methanolic CCE and
PRF showed superior thrombolytic capacity due to occurrence
of higher concentration of phenolic contents in it. As expected,
PRFs were found to contain better thrombolytic potential
than those of their crossponding CCEs due to pre-concentra
tion/fractionation of phenolic components. All tested CCEs/
PRFs exhibited lower thrombolytic potential in comparison
to streptokinase (87.91-89.43 %). Although no evaluation of
CCEs/PRFs of wild jujube fruits for thrombolytic profiling
on human was not reported yet, Therefore, we report first eval-
uation of wild jujube’s CCEs/PRFs for thrombolytic effect.

3.9. Haemolytic activity of CCEs and PRFs

Erythrocytes are used in drug delivery due to its morphological
and physiological properties (Hamidi and Tajerzadeh, 2003).
Membrane of these erythrocyte have been documented to be
damaged by oxidative stress to cause hemolysis (Ko et al.,
1997). The hemolytic activity of CCEs and PRFs of wild jujube
fruits was recorded in the range of 2.15-3.58 %, 2.15-2.67 %,
respectively (Table 3). The maximum (3.58 %) and minimum
(2.15 %) hemolytic activity was recorded for CCE recovered
with absolute acetone and absolute ethanol while among
PRFs, derived from absolute methanol and aqueous ethanol
exhibited highest (2.67 %) and lowest (2.15 %) hemolytic
activity, respectively.

The decrease (1-2.50 times) in hemolysis activity of PRF
(2.15-2.67 %) compared to those of CCEs (2.15-3.58 %) is
due to higher amounts of phenolics in them which provide bet-
ter shielding effects to erythrocytes against hemolysis. This
variation in hemolytic activity of tested plant matrices might
be attributed to availability of varying concentration of pheno-
lic contents that were extracted with different extracting sol-
vents. Hemolytic potential of wild jujube fruit’s CCEs/PRFs
was found to be higher in comparison to PBS (1.54 %).

3.10. Estimation of organic acids and individual sugars

Individual sugars and organic acids were reported as main
contributors in the taste development and organoleptic proper-
ties of different vegetables and fruits (Slavin and Lloyd Beate,
2012; Zhang et al., 2021). Metabolic activity has been attribu-
ted to organic acids which are obtained when different com-
pounds are formed and degraded (Cunha et al., 2001).

Wild jujube fruits were processed for estimation of individ-
ual sugars including sucrose, galactose, xylose and glucose
(Table 4). The most dominant individual sugar was galactose
(1.27 %) followed by glucose (1.07 %), sucrose (0.70 %) and
xylose (0.04 %) were also detected in tested wild fruit. The
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Table 4 Estimation of individual sugar (g/100 g DW) and organic acid (mg/100 g).
Sugar content (mg/100 g DW) Organic acid (mg/100 g of dry matter)
Glucose Sucrose Galactose Xylose Total Succinic  Gluconic Malic acid  Oxalic  Citric ~ Acetic
Sugar acid acid acid acid acid
100.07 = 0.140 70.00 £ 0.09 127.00 + 0.27 4.00 = 0.01 308 ND 2.10 £ 0.08 0.05 £ 0.02 ND ND ND

The given data (mean + SD) are obtained by analyzing samples in triplicates.

ND: not determined.

results of present analysis advocate the consumption of wild
jujube fruit due to occurrence of natural sugars in it. Gluconic
acid was detected as dominant organic acid at a concentration
of 2.10 mg/100 g DW while small amount of malic acid
(0.05 mg/100 g DW) was also present in in tested wild jujube
fruits (Tables 4). Different amount of organic acids are avail-
able in various vegetables and fruits due to varietal differences
and environmental conditions (Poyrazoglu et al., 2002).
Gunduz and Saracoglu, (Gunduz and Saracoglu, 2014)
have reported the determination of organic acids and individ-
ual sugars in Turkish Jujube using HPLC coupled with UV-vis
and refractive index (RI) detector, respectively. Ascorbic,
malic, tartaric and citric acids were quantified as main organic
acids over the concentration range of 0.06-0.10, 0.09-0.17,
0.01-0.04 and 0.19-0.31 g/100 g, while fructose, glucose and
sucrose were detected in the range of 4.0-5.2, 6.2-8.1 and 2.
2-11.6 g/100 g, respectively. Muchuweti et al., (2005) utilized
paper chromatography to determine qualitatively citric, malo-
nic and malic acids in Zimbabwean jujube fruits cultivars. In
another study, Gao et al., (2012) reported the occurrence of
organic acids (malic (294-740 mg/100 g), citric (39.4-196.6 m
¢/100 g) and succinic acid (13.8-177.9 mg/100 g) and individ-
ual sugars [sucrose (557.3-2801 mg/100 FW) and glucose
(1156-2667.8 mg/100 FW)] and with small amount of other
sugar molecules in Chinese jujube using HPLC equipped with
UV-visible detector and refractive index detector, respectively.

Table S Mineral profiling of wild jujube fruits.

Elements Concentration (mg/ Elements Concentration (mg/
kg) kg)

Al 32525 £ 15 Se 4.31 + 0.04

Ca 1812.37 + 54 Cu 6.59 + 0.09

Ba 13.36 £+ 0.09 Cr 4.30 £+ 0.04

Mg 811.79 + 45 Na 176.90 + 4.89

La 0.59 + 0.03 Fe 444.19 + 9.65

Mn 20.30 £ 2.12 B 21.70 £ 1.20

Ni 1.24 + 0.05 Be ND

Sr 46.22 + 6.69 Co 0.37 £ 0.01

Zn 5.05 + 1.02 P 630.53 £+ 18.25

K 14801.10 £ 145 Sb 0.35 £ 0.05

Ti 14.77 £ 1.1 Si 109.33 + 8.40

Cd 1.13 £ 0.05 \'% ND

Pb 0.61 + 0.02

The given data (mean + SD) are obtained by analyzing samples in
triplicates.
ND: Not Detected.

3.11. Minerals profiling

Wild jujube fruits were analyzed using ICP-OES for quantifi-
cation of minerals present in it. Potassium, calcium, magne-
sium and phosphorus were detected at a concentration of
14801.10, 1812.37, 811.79 and 630.53 mg/kg as dominant min-
erals while considerable amount of other minerals were also
found in wild jujube fruits (Tables 5). To maintain a normal
blood pressure, optimum concentration of sodium and potas-
sium are required by the body (NRC, 1989). The tested wild
fruits are promising source of essential minerals to carry out
different physiological functions in human body.

Mineral compositional analysis of Indian Jujube fruit culti-
vars revealed the presence of calcium (256.2 mg/100 g), sodium
(181.6 mg/100 g) and magnesium (156.4 mg/100 g) and potas-
sium (1502.3 mg/100 g) as major macro-elements with small
amount of other micro-elements (Valvi, S.R. and Rathod,
2011). San et al. (San et al., 2009) analyzed Turkish jujube fruit
cultivars to reveal potassium (314.67-420 mg/100 g DW),
nitrogen (170-506 mg/100 g DW) and calcium (79.33-121.33
mg/100 g DW) as dominant minerals with trace amount of
other elements in it. Similarly, Indian jujube fruits were found
to contain phosphorus (26.8 mg/100 g), calcium
(25.6 mg/100 g) and iron (0.76-1.8 mg/100 g) (Pareek, 2013).

3.12. Correlation analysis among TP, TF and biological
activities

We have conducted a correlation analysis using Pearson Cor-
relation Method with significance level at P = 0.001 (Table 6,
7). The results of correlation analysis revealed TP and TF have
significant positive relationship with inhibition potential,
antimicrobial,  biofilm  and  thrombolytic  activities
(P = 0.866, 0.586-0.920, 0.309-0.837 and 0.838),
(P = 0.732, 0.470-0.851, 0.292-0.742 and 0.838) while there
was also a significant negative relationship with 1Csy value
and haemolytic activity (P = -0.768, 0.682), (P = -0.583,
—0.427), respectively. The occurrence of eight phenolic and fla-
vonoid components in the fruits of wild jujube has already
been reported by our research group (Ahmad et al., 2016),
therefore these potent biological attributes of wild jujube fruits
are attributed to presence of TP and TF components in it.
An increasing attention in the pharmacological effects of
the wild fruits prompts the requirement to explore them for
presence of high-value phytonutrients and potent bioactives.
This is the first report on characterization of valuable phytonu-
trients and phenolic bioactives in wild jujube fruits native to
Soon valley of Pakistan. This study contributed significantly
to fill the existing scientific gap of information by authenticat-



Table 6 Correlation of phenolics with biological potential.

4!

TP 1Cso Inhibition Antibacterial activity Antifungal activity Biofilm Hemolytic Thrombolytic
Value Potential inhibition activity activity
S. E.coli B. A. A. F. S. E. coli
aureus cereus niger flavus oxXysporum aureus

TP 1
1C5y Value - 1

0.768"
Inhibition Potential 0.866° -0.817" 1
Antibacterial (S.aureus) 0920 -0.809"  0.907" 1
Antibacterial (E.coli) 0.839" -0.916"  0.932" 0.8917" 1
Antibacterial (B. cereus) ~ 0.753" -0.747"  0.627 0.749" 0673 1
Antifungal (4. niger) 0.846" -0.913" 0914 0.924™  0.945" 0758 1
Antifungal (4. flavus) 0.586* -0.718"  0.799" 0.685" 0.7757 0.639 0.763" 1
Antifungal (F. oxysporum) 0.854° -0.905"  0.866 0.824"°  0.896" 0834 09117 0757 1
Biofilm inhibition (S. 0.837" -0.955" 0910 0.872"° 0956 0709 0.956 0.7147 0915 1
aureus)
Biofilm inhibition (E.coliy 0.309  -0.177 0.170 0.108  0.124 0204  0.066 -0.165  0.255 0.195 1
Hemolytic activity = 0.843"" -0.770"" - = 0432 - = -0.719™" -0.795" 0212 1

0.583* 0.622"  0.830" 0.728"" 0.648""
Thrombolytic activity 0.838"" -0.760""  0.683"" 0.803" 0.7177 0.899" 0.775" 0.707" 0.830"" 0.699”" 0.127 -0.485* 1

™ Correlation is significant at the 0.01 level.
* Correlation is significant at the 0.05 level.

210 pewyy N



Table 7 Correlation of flavonoids with biological potential.

ICso Inhibition Antibacterial activity Antifungal activity Biofilm Hemolytic Thrombolytic
Value Potential inhibition activity activity
S. E.coli B. A. A. F. S. E.coli
aureus cereus niger flavus oxysporum  aureus
TF
1Csy Value 1
Inhibition Potential -0.817" 1
Antibacterial (S.aureus) -0.809"" 1
Antibacterial (E.coli) -0.916" 0.891" 1
Antibacterial (B. cereus) -0.747" 0.749" 0.673" 1
Antifungal (A. niger) -0.913™ 0924 0945 0758 1
Antifungal (A. flavus) -0.718" 0.685" 0.775" 0639 0.763" 1
Antifungal (F. -0.905" 0.824" 0.896 " 0.834 0911 0757 1
oxysporum)
Biofilm inhibition (S. -0.955" 0910 0.872°° 0956 0709 0956 0.714" 0915 1
aureus)
Biofilm inhibition (E.coli) -0.177 0.170 0.108  0.124  0.204 0.066  -0.165  0.255 0.195 1
Hemolytic activity 0.843" -0.770"" . 5 0432 - -0.648"  -0.719" -0.795" - 1
0.622"  0.830"" 0.728"" 0.212
Thrombolytic activity 20760  0.683" 0.803" 0.7177 0.899" 0.7757 0.707" 0.830" 0.699""  0.127 -0.485* 1

™ Correlation is significant at the 0.01 level.
* Correlation is significant at the 0.05 level.
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ing the occurrence of valuable phytonutrients and potent phe-
nolic antioxidant components in tested fruits with remarkable
biological potential which were rarely determined before.
These wild jujube fruits could be a potential candidate to be
used in formulation of nutra-pharamaceuticals with wide
range of health benefits.

4. Conclusions

Wild fruits are promising source of phytonutrients and potent bioac-
tives with multiple medicinal properties. Appraisal of natural individ-
ual sugars, organic acids, valuable minerals, TPC, TFC and biological
properties (antioxidant, antimicrobial, hemolytic, biofilm inhibition
and thrombolytic capacity) of CCEs/PRFs of wild jujube fruits were
carried out using different spectro-analytical techniques. Potassium,
calcium, magnesium and phosphorus were detected as dominant ele-
ments while gluconic acid was found as main organic acid in tested
fruit. Aqueous-ethanolic and aqueous methanolic CCEs/PRFs exhib-
ited superior TPC, TFC and higher antioxidant, and biological poten-
tial which were rarely determined before. Strong correlation among
TP, TF and biological attributes was also recorded revealing the facts
that biological potential of tested wild fruits was attributed to the con-
centration of bioactive components. Generally, the results of this pro-
ject advocate wild jujube fruits are a rich source of phenolic
antioxidants and valuable nutrients, and hence can be explored as
potent ingredients in developing functional foods and pharma-
nutraceuticals.
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