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Abstract

Iran is among the main exporters of pistachio (Pistacia vera L.). Thus, evaluation of phytochemical properties of this product
is of crucial importance. In this study, effects of three types of solvents namely, polar protic solvents (i.e. ultrapure water,
methanol and ethanol), polar aprotic solvents (i.e. acetone and ethyl acetate) and a non-polar solvent (i.e. hexane), on total
phenolic compounds, total flavonoids, and total proanthocyanidins extractability as well as antioxidant activity (as evaluated
by 2,2-diphenyl-1-picrylhydrazyl and ferric reducing antioxidant power assay) of P. vera var. Sarakhs hull and kernel, were
investigated. High extraction yields were observed following utilization of less polar solvents (43.14 and 34.19% for hull and
kernel, respectively). There were significant differences among solvents in terms of the amount of antioxidant compounds
extracted. Ethanolic hull and kernel extract showed the maximum amounts of total phenols (113.21 and 169.53 mg of gallic
acid equivalent per g of dried plant, respectively), total flavonoids (87.03 and 139.47 mg of quercetin equivalent per g of
dried plant, respectively) and total proanthocyanidins (110.60 and 150.32 mg of catechin equivalents per g of dried plant,
respectively) followed by methanol > ultrapure water > ethyl acetate > hexane. Assessment of antioxidant activity showed
that the ethanol extract of hull and kernel had the least ICs, (3.04 and 6.8 pg/ml, respectively) and the greatest value when
assessed by FRAP (8.80 and 5.59 mmol/g, respectively). The results suggested that P. vera var. Sarakhs hull and kernel
extract can be regarded as a promising alternative for synthetic antioxidants.
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Introduction

Iran is considered as one of the main pistachio (Pistacia vera
L.) producing countries [1]. Genus Pistacia approximately
comprises 10 species among which, some are economically
valuable (e.g. P. vera L., P. terebinthus L. commonly known
as terebinth) and P. lentiscus L. (commonly known as mastic
tree) [2]. Pistacia vera var. Sarakhs as a diploid deciduous
tree of the order Sapindales from the family Anacardiaceae,
is a wild variety of pistachio which is widely distributed in
Khwaja forest of Sarakhs region, Razavi Khorasan province,
Iran along Tajan river. Wind is responsible for pollination.
The ripe fruits have exocarp, mesocarp (hull) and hard endo-
carp (shell) that surrounds the kernel. The kernel of this
variety is smaller than usual commercial pistachios [3].

Turkey is the main customer of P. vera var. Sarakhs and
uses it in food industry. Fruits protective effects against dis-
eases are attributed to the presence of phenolic and other
natural antioxidant compounds that reduce the burden of
oxidative stress [4]. Wild pistachio kernels and hulls are rich
in phenolic compounds and exert marked antioxidant activ-
ity. In this regard, the methanolic extract of the hull of Bene
(Pistacia atlantica subsp. mutica) could be considered a
good source of chemicals with anticancer properties [5]. The
first step in formulation of phytochemicals in supplements,
as well as medicinal and therapeutic products, is bioactive
compounds extraction [6].

The type of solvent used for this purpose is of crucial
importance as its physicochemical characteristics such as
viscosity and other molecular traits e.g. being a hydrogen
donor/acceptor, play key roles in the extraction process
and different results might be achieved following applica-
tion of different solvents [7].

Determination of the most efficient solvent for extrac-
tion of naturally occurring bioactive compounds, has
always been difficult. For extraction of the phenolic com-
pounds from the hull of P. vera var. Fandoghi, methanol
and ultrapure water are more efficient as compared to ethyl
acetate [8]. In 2015, Rezaie et al. observed a higher extrac-
tion yield by using less polar solvents for preparation of
Bene (Pistacia atlantica subsp. mutica) hull extract [9].

Since natural phenolic compounds are able to inhibit
the LDL oxidation and consequently prevent thrombus
development, finding novel antioxidant compounds and/
or determination of the antioxidant potential of plants
extracts, is beneficial [10]. So far, although the phenolic
compounds and antioxidant activities of pistachio ker-
nels and hulls have been widely studied, all these reports
focused on limited number of commercial or other types of
wild pistachio like Pistacia atlantica subsp. mutica [11].

Noteworthy, to the best of our knowledge, no phy-
tochemical study has been done on Pistacia vera var.

Sarakhs. The main purpose of this investigation was to
study the effects of different solvents (i.e. ultrapure water,
methanol, ethanol, acetone, hexane and ethyl acetate) on
the extraction of total phenolic, total flavonoid, and total
proanthocyanidin compounds from P. vera var. Sarakhs
kernel and hull extracts, and assess their antioxidant activ-
ity using DPPH and FRAP assays.

Materials and methods
Plant materials and chemical reagents

The ripe fruits of P. vera var. Sarakhs were collected from
Khwaja forest, Sarakhs region, Razavi Khorasan province,
Iran with 36°32'N and 61°10'E at 235 meters above sea
level, in September 2015. The hulls of fresh fruits were sepa-
rated from shells. Both kernels and hulls were air-dried at
room temperature and then stored at — 18 °C. All chemicals
and solvents used in the present study were of analytical
grade and purchased from Merck (Darmstadt, Germany).

Preparation of extracts

Dried kernels and hulls were grounded to powder. Thirty
grams of each samples were separately extracted using
300 ml of each solvent i.e. polar protic solvents (ultrapure
water, 96% methanol, and 96% ethanol), polar aprotic sol-
vents (acetone and ethyl acetate) and non-polar solvents
(hexane) for 48 h at room temperature. The extracts were
filtered by using Whatman No. 3. Using the same method,
the extraction process was repeated for three times until the
extracts became colorless. The solvents were removed by
using a rotary evaporator (Buchi V-850, Switzerland) and
a freezer dryer (Operon, FDB-5503, Korea); then, samples
were stored at -80 °C until further analysis.

Yield of extraction

In order to calculate the yield of extraction, the following
equation was used:

. We
P t (%) of yield = — x 100
ercent (%) of yie Wi

where We is either the weight of kernel extract or that of the
hull extract (g) and Wt is the weight of sample (g).

Determination of total phenolic content (TPC)
Total phenolic content was calorimetrically determined by
using the Folin—Ciocalteau regent, as previously described

by Derakhshan et al. [12]. Here, equal amounts of dried
extracts were diluted with their corresponding solvents (i.e.
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ultrapure water, methanol, ethanol, ethyl acetate, acetone or
hexane); then, 100 uL of the diluted extract was mixed with
0.5 ml Folin—Ciocalteau regent. After 5 min, 400 ul 7.5%
sodium bicarbonate solution was added and the mixture was
left for 30 min. The absorbance of each sample was read at
765 nm against blank using UV—Visible spectrophotometer
(Cecil, UK). In order to determine TPC of each extract, a
standard curve was plotted for gallic acid using standard
solutions (0.2—1 mg/ml) of this compound and the following
formula was achieved: y=0.0645x +0.144 (R?=0.9913).
Results were expressed as mg gallic acid equivalents per g of
dried plant (w/w %). All experiments were done in triplicate.

Determination of total flavonoid content (TFC)

TFC was measured using a colorimetric assay reported by
Huang et al. with minor changes. Briefly, 5 ml of 2% alu-
minium trichloride (AICl;) was mixed with 0.4 mg/ml of
the extract [13]. Absorption was read at 367 nm using a
UV-Visible spectrophotometer (Cecil, UK). The absorbance
of samples was measured against blanks. For each extract,
TFC was expressed as mg of quercetin equivalents per g
of dried plant (w/w %) using a standard curve plotted for
standard solutions (0.5-2 mg/ml) of quercetin from which,
the following formula was obtained: y=0.01x40.0045
(R>=0.9921). All measurements were carried out in
triplicate.

Determination of total proanthocyanidin content
(TPrAC)

Equal amounts of dried extracts were diluted with their cor-
responding solvents (i.e. water, methanol, ethanol, ethyl ace-
tate or acetone), and 0.5 ml of each sample was mixed with
1.5 ml 4% vanillin-methanol solution and 0.75 ml M HCl.
After 15-min incubation at room temperature, the absorb-
ance was read at 500 nm against blank by a UV-Visible
spectrophotometer (Cecil, UK). Proanthocyanidin content
was expressed as mg of catechin equivalents per g of dried
plant (w/w %) based on a standard curve plotted for differ-
ent concentrations (0.125-2 mg/ml) of catechin using the
following formula: y =0.0942x 4 0.1064 (R>=0.9906). All
experiments were performed in triplicate.

Determination of antioxidant activity

Several methods are utilized for evaluation of antioxidant
potential [14]. In this experiment, in order to measure the
antioxidant activity of each extract, two assays were used;
the FRAP assay was carried out according to the method
reported by Razli et al. and the radical scavenging abil-
ity (DPPH) assay was performed based on the study done
by Fernandez—Agull6 et al. [15, 16]. In the FRAP assay,
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300 mM acetate buffer, 10 mM TPTZ in 40 mM HCI and
20 mM FeCl;.6H,0 (10:1:1 v:v:v) were used. This is a col-
orimetric assay based on the reduction of a ferric-tripyri-
dyltriazine (Fe (III)-TPTZ) complex to ferrous (Fe II) sub-
sequently forming a complex with intense blue color. The
fresh solution was warmed at 37 °C for 5 min. Each dry
extract was separately added to FRAP reagent, and incu-
bated at room temperature for 0 and 4 min until the reaction
was started; then, the absorbance of each time point was
read against a blank by a UV-Visible spectrophotometer
(Cecil, UK). The differences between the absorbance of the
two time points were calculated and compared with that of
ferrous sulfate as the standard. In DPPH assay, the color
of the complex varied from dark violet to colorless. All of
the solvents used for extraction were dissolved in methanol,
except for hexane dissolved in dichloromethane. Afterwards,
each extract was mixed with the DPPH solution. The mix-
ture was incubated at room temperature for 1 h while being
shaken. Absorbance was read at 517 nm by a UV—Visible
spectrophotometer (Cecil, UK). This test was carried out in
triplicate and antioxidant activity was calculated as follows:

Percentage (%) of inhibition of DPPH activity = x 100

A0 — Al
Al

where AQ is the absorbance of the blank and Al is the
absorbance of each sample. A curve of percentage of inhi-
bition was plotted against samples concentrations; then,
the concentration of the sample required for 50% inhibi-
tion (ICs,) was determined. The assay was carried out in
triplicate. Butylated hydroxytoluene (BHT), was used as a
standard antioxidant.

Statistical analysis

Data were analyzed as a complete randomized design (CRD)
with three replications and reported as mean+S.D. Analysis
of variance was performed by JMP 8 (SAS Campus Drive,
Cary, NC 27513) and Excel software was used as appropri-
ate. Differences among mean values were examined by using
LSD and considered significant if p <0.05.

Results and discussion
Solvents properties

Selection of a suitable solvent for extraction, depends on the
type of plant, compounds that are planned to be isolated,
physiochemical properties of the solvents, method of extrac-
tion and other assay conditions. Therefore, in this study,
various solvents with different levels of polarity includ-
ing non-polar (with low dielectric constants which are not
water-miscible), polar aprotic (polar but not a hydrogen bond
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donor) and polar protic (polar and also a hydrogen bond
donor), were used. In this regard, hexane (as a non-polar
solvent), acetone and ethyl acetate (as a polar aprotic sol-
vents which have carbonyl groups) and water, ethanol, and
methanol (as a polar protic solvents which have hydroxyl
groups) were used [17].

The physiochemical properties of selected solvents such
as polarity index (P’), proton acceptor parameter (X,), proton
donor parameter (X,), strong dipole parameter (X,,), viscos-
ity at 20° (#), vapor pressure at 20° mmHg (P,), are shown
in Table 1.

Extraction yield

There were significant differences in extraction yield among
different solvents used for extraction of pistachios kernel and
hull (hexane > ethyl acetate > acetone > water > methanol
> ethanol). As shown in Tables 2 and 3, extraction yields
ranged from 14.02 to 34.19% for kernel and from 16.22 to
43.14% for hull. There was no direct correlation between the
polarity and extraction yield; though methanol and acetone
have the same polarity index (i.e. 5.1), the extraction yield
achieved by acetone was higher for both kernel and hull as

compared to that of methanol. This finding might be attrib-
uted to other physiochemical properties of the solvents such
as higher selectivity and lower viscosity. Similarly, ethyl
acetate, despite having an almost equal polarity index, had a
higher extraction yield compared to ethanol which might be
due to its more marked selectivity and less viscosity result-
ing in low ability to extracted lipid compound. Generally,
selection of a solvent for extraction is based on the chemi-
cal structures of the existing compounds. For instance, it
was reported that aqueous solutions of ethanol, methanol
and acetone were the most efficient solvents for extraction
of phenolic compounds from Vitis rotundifolia seeds [18].
Also, the effect of solvents’ polarity on extraction yield was
demonstrated by Fernandez—Agull6 [16].

Our results were in agreement with those reported by
Rezaie et al., which showed that as the polarity increases
from ethanol to water, the extraction yield enhances [9].

Total phenolic content
Phenolic compounds can scavenge free radicals and combat

overproduction of reactive oxygen species (ROS), in our
body. The restoration of oxidant/antioxidant balance leads

Table 1 Physiochemical

. Solvent Chemical formula P’ X, X4 X, n P,

properties of the solvents used

for the extraction of pistachio Ultrapure water H,0 10.2 037 0.37 0.25 0.89 17.5

(Pistacia vera var. Sarahs) Methanol CH,0H 50 048 022 031 054 9%

compounds [7] Ethanol CH,CH,OH 43 0.52 0.19 0.29 1.07 44
Acetone CH,COCH, 5.1 0.35 0.23 0.42 0.31 180
Ethyl acetate CH,COOCH,CH, 4.4 0.34 0.23 0.43 0.42 73
Hexane CH,(CH,),CH, 0.1 - - - 0.30 124

Table2 Phytochemical Solvent Yield (%)  TPC? TFC? TPrAC* 1G] FRAP®

evaluation of the selected

extracts of P. vera var. Sarakhs Ultrapure water  18.62+0.5¢ 92.00+0.7° 71.49+0.5° 90.37+0.7° 26.23+0.5¢ 2.07+0.02¢

kernel Methanol 14.98+0.3° 112.98+0.9° 8591+0.7° 110.02+0.8° 9.49+0.05° 5.35+0.03°
Ethanol 14.02+0.37 11321407 87.03+0.7* 110.60+0.8" 6.8+0.01"7  599+0.04
Acetone 28.79+0.3° 30.37+0.7¢ 20.08+0.6¢ 27.19+029 76.89+0.8° 4.12+0.02¢
Ethyl acetate  32.26+0.3° 20.88+0.7° 9.56+0.03° 18.55+0.1° 104.12+0.7° 1.08+0.01¢
Hexane 34.19+0.3* 0.94+0.005° 0.43+0.0017 0.81+£0.01" 261.05+0.7° 0.07+0.001¢
BHT - - - - 0.65+0.032  0.96+0.00"

Means + SD (standard deviation) in a column not connected by same letter are significantly different at P <

0.05
BHT butylated hydroxytoluene
"Extraction yield (%)

2Total phenolic content (TPC) expressed as mg gallic acid equivalents per g dried plant

3Total flavonoid content (TFC) expressed as mg quercetin equivalents per g of dried plant

“Proanthocyanidin content (TPrAC) expressed as mg catechin equivalents per g of dried plant

SDPPH radical scavenging activity (ICs,) expressed as pg per ml

®Ferric reducing activity (FRAP) expressed as mmol per g
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Table 3 Phytochemical Solvent Yield (%)) TPC2 TFC? TPrAC* IC5,° FRAP®

evaluation of the selected

extracts of P. vera var. Sarakhs Ultrapure water  20.61+0.5¢  148.78+0.9° 126.30+0.6° 142.99+0.5° 19.70+0.19 6.69+0.01°

hull Methanol 1749403 168.95+0.8" 139.02404> 150.03£05° 371+0.1° 8.030.1°
Ethanol 16224047 169.53+0.5° 139.47+0.7* 150.32+0.5* 3.04+0.1"  8.80+0.1*
Acetone 33.83+£0.8° 73.04+0.5% 59.18+03% 6537402 36.88+0.1° 5.77+0.2¢
Ethyl acetate  42.09+0.9° 59.65+0.5° 50.00+0.2° 52.67+02° 51.42+0.1> 4.25+0.2°
Hexane 43.14+0.8* 2539+0.6" 20.85+04" 2380+02f 82.33+0.1° 2.06+0.2f
BHT - - - 0.65+£0.05¢  0.96+0.03¢

Means + SD (standard deviation) in a column not connected by same letter are significantly different at P <

0.05
BHT butylated hydroxytoluene
"Extraction yield (%)

2Total phenolic content (TPC) expressed as mg gallic acid equivalents per g dried plant

3Total flavonoid content (TFC) expressed as mg quercetin equivalents per g of dried plant

“Proanthocyanidin content (TPrAC) expressed as mg catechin equivalents per g of dried plant

SDPPH radical scavenging activity (ICs,) expressed as pg per ml

bferric reducing activity (FRAP) expressed as mmol per g

to prevention from atherosclerosis, coronary heart diseases
and cancers [19].

The type of solvent plays a crucial role in extraction of
natural phenolic compounds. Results showed that utiliza-
tion of ethanol as extraction solvent resulted in extraction of
higher total phenolic contents (TPC) from kernel and hull
(Tables 2, 3). There were significant differences in TPC
among different solvents used for hull and kernel extrac-
tion. High amounts of phenolic compounds in kernel and
hull were found in ethanol extracts (113.21 and 169.53 mg
of gallic acid equivalents per g of dried plant, respectively).
Methanol, water, acetone, ethyl acetate and hexane extracts,
respectively followed the ethanolic extract with respect to
the TPC. Among the polar protic solvents, ethanol with a
low polarity index (i.e. 4.3) was the most potent solvent in
extracting the total phenols. Methanol (polarity index: 5.1)
had similar results to that of ethanol in terms of phenols
extraction followed by water (polarity index: 10.2). So, in
our study, the efficiency of different solvents in extraction,
varied based on their polarity. These results were in accord-
ance with those reported by Pinelo et al., concerning prepa-
ration of almond hull extract [20]. In another experiment
conducted on peanut skin, compared to a combination of
water and ethanol, ethanol and methanol alone were more
efficient in terms of phenolic compounds extraction with
ethanol presenting the highest efficiency [21].

TFC

Flavonoids including chalcones, flavones, flavonols, flavan-
diols, anthocyanins and condensed tannins (or proanthocya-
nidins), can inhibit metal-induced lipid oxidation through
scavenging free radicals [22]. Results showed that total

@ Springer

flavonoid levels significantly vary among different extracts.
Based on our results, the highest values for TFC in kernel
and hull extracts were obtained following extraction using
ethanol (87.03 and 139.47 mg of quercetin equivalents per g
of dried plant, respectively). Despite having similar polari-
ties (i.e. 5.1), methanol and acetone yielded different results;
this might be attributed to different levels of selectivity, vis-
cosity and vapor pressure. In terms of TFC, our results were
similar to those reported by Wang and Helliwell who showed
that the efficiency of aqueous ethanol for extraction of the
flavonoids compounds from tea, was more pronounced than
that of aqueous methanol and acetone [23]. Furthermore, Yu
et al. indicated that ethanol is the most efficient solvent for
extraction of antioxidant compounds from peanut skin [21].

TPrAC

Condensed tannins (proanthocyanidins) are known as anti-
oxidant compounds which have antiradical activity [24].
Besides, these compounds have antiviral, antimicrobial,
anti-HIV, antioxidant, anti-complementary and anti-tumor
properties, as well as cardiotonic and anti-arteriosclerotic
activities [25]. As shown in Tables 2 and 3, following uti-
lization of different solvents, the TPrAC of kernel and hull
extracted by different solvents was in the following order:
ethanol > methanol > water > acetone > ethyl acetate >
hexane. Statistical analysis showed significant differences in
TPrAC among solvents used. The highest levels of TPrAC
were obtained following extraction by polar protic solvents
indicating a positive relationship between solvent polarity
and TPrAC. The ethanol extracts of kernel and hull had the
highest TPrAC (110.60 and 150.32 mg of catechin equiva-
lents per g of dried plant, respectively). The selectivity of
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ethanol for extraction of this group of phenolic compounds
may be related to carbon—oxygen and oxygen—hydrogen
bonds, as oxygen atoms in alcohols are more available com-
pared to water molecules.

Antioxidant activity

As a synthetic antioxidant, usage of BHT has been restricted
due to its probable toxic effects. Therefore, plants materi-
als that exert high levels of antioxidant activity can protect
the body from free radicals and many diseases caused by
lipid peroxidation, and they could be considered safer sub-
stitutes for synthetic ones. Numerous antioxidant assays have
been used for evaluation of plants antioxidant capacity [26].
Among various assays used for evaluation of the antioxidant
properties, FRAP and DPPH were chosen in this study.

Ferric reducing antioxidant power (FRAP) assay

In the presence of an antioxidant, FRAP solution reduces
Fe*™-TPTZ (2, 4, 6-tris (2-pyridyl)-5-triazine) complex to
Fe?’*—TPTZ at low pH. The absorbance of the mixture was
measured spectrophotometrically at 595 nm and BHT was
used as the standard. Tables 2 and 3 show that the absorb-
ance was directly associated with the reducing power.
Ethanol was the most potent solvent in terms of antioxi-
dant compounds extraction from kernel and hull (5.99 and
8.80 mmol/g, respectively). As mentioned earlier, extraction
of secondary metabolites was mainly affected by the polar-
ity, vapor pressure, viscosity, and proton acceptor/donor
parameters. Overall, different solvents used for extraction of
pistachio kernel and hull, had significantly different electron
donating capacities. This probably led to higher efficiencies
of polar protic solvents like methanol and ethanol.

DPPH radical scavenging assay

Antioxidant compounds eliminate DPPH radicals through
their hydrogen-donating ability or radical scavenging activ-
ity [27]. In this assay, compounds with antioxidant prop-
erties can reduce the DPPH radical to the yellow-colored
diphenyl-picryl hydrazine [28]. Results of DPPH assay were
expressed as ICs, and percentage of inhibition. Lower ICy,
values indicate higher antioxidant activities. In the present
study, the results of DPPH assay were close to those of
FRAP assay (Tables 2, 3). In comparison to BHT, the ICy,
values of kernel and hull ethanol extracts (6.8 and 3.04 pg/
ml, respectively) were less than those of the other extracts;
so, ethanol extract had the highest percentage of DPPH inhi-
bition. Due to existence of an ortho-dihydroxy structure in
the B ring of phenolic compounds, which make them effec-
tive hydrogen donors, there is a positive correlation between
TPC and the level of antioxidant activity [29-31]. It seems

that, this positive correlation between antioxidant activity
and phenolic content, is related to the presence of -OH moi-
eties which are potent H donors. Another characteristic of
phenolic compounds is the planarity of the molecule, which
allows electron conjugation and delocalization [32]. Also,
from a toxicological view, polyphenolic compounds are con-
sidered safe for human use [33].

Conclusion

Natural antioxidants can protect humans against overpro-
duction of ROS and ROS-induced diseases. In this study,
antioxidant properties of Pistacia vera var. Sarakhs as a wild
variety of pistachio, were evaluated. Determination of TPC,
TFC, TPrAC, FRAP and DPPH values showed that the hull
and kernel of this pistachio variety could be considered an
antioxidant-rich waste product. Moreover, among the tested
solvents, ethanol was the most efficient solvent with respect
to extraction of polyphenolic compounds. In conclusion, we
found that the extracts of hull and kernel of this pistachio
variety are good sources of antioxidant compounds particu-
larly if ethanol is used as the extraction solvent.
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