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SUMMARY: Soxhlet and microwave assisted extraction (MAE) methods were used to obtain non-polar
compounds from pistachio hull. MAE parameters (liquid to solid ratio, microwave power, and extraction time)
were studied to obtain maximum extraction yield. The optimal conditions were found to be liquid to solid
ratio of 15:1 (v/w), microwave power of 250 W and extraction time of 12.5 min. The extraction yields were
9.81 and 9.50% for MAE and Soxhlet methods, respectively. The total phenolic content, antioxidant activity
and tocopherol content of the extract obtained by MAE was found to be significantly higher than those of the
Soxhlet extract (p < 0.05). The results showed that the extract contained a-tocopherols (567.65 mg/kg) and oleic
acid (48.46%) as the major tocopherols and fatty acids. These findings propose that hull extracts can be consid-
ered as a good source of natural bioactive compounds and MAE can be a good alternative to the traditional
Soxhlet method.

KEYWORDS: Antioxidant activity, Fatty acids; Microwave assisted extraction; Pistachio hull; Tocopherols; Total
phenolic content

RESUMEN: Extraccion asistida por microondas de compuestos no polares de cdscaras de pistacho y caracte-
rizacion de los extractos. Se utilizoé la extraccion mediante Soxhlet y métodos de extraccion asistida mediante
microondas (MAE) para obtener compuestos no polares de las cascaras de pistacho. Se estudiaron los parame-
tros para la MAE (relacion liquido-solido, potencia de microondas y tiempo de extraccion) para obtener el max-
imo rendimiento de la extraccion. Se encontrd que las condiciones 6ptimas eran una relacion liquido a sélido de
15:1 (v/p), potencia de microondas de 250 W y un tiempo de extraccion de 12,5 minutos. Los rendimientos de
extraccion fueron 9.81 y 9.50% para los métodos MAE y Soxhlet, respectivamente. El contenido fenolico total,
la actividad antioxidante y el contenido de tocoferoles de los extractos obtenidos por MAE fueron significativa-
mente mas altos que los de los extractos de Soxhlet (p <0,05). Los resultados muestran que el extracto contiene
a-tocoferol (567.65 mg/kg) y acido oleico (48.46%) como los principales tocoferoles y acidos grasos, respectiva-
mente. Estos hallazgos proponen que los extractos de las cascaras pueden considerarse como una buena fuente
de compuestos bioactivos naturales y MAE puede ser una buena alternativa al método Soxhlet tradicional.

PALABRAS CLAVE: Acidos grasos, Actividad antioxidante,; Cdscara de pistacho, Contenido fenélico total; Extraccion
asistida por microondas; Tocoferoles
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1. INTRODUCTION

The interest for biologically active compounds
from plants has increased in recent years due to
their health-promoting activities and possible pro-
tection against several diseases associated with oxi-
dative stress such as cancer, and neurological and
cardiovascular diseases (Garavand et al., 2017; Olas
et al., 2018). The main protective effect of these
plant metabolites has been attributed to the pres-
ence of phenolic compounds such as flavonoids,
flavones, isoflavone etc. On the other hand, recent
studies have shown that the non-polar compounds
also contribute to the antioxidant activity of plants
(Oboh et al., 2008). These non-polar compounds
include lipophilic vitamins, phytosterols and unsat-
urated fatty acids (Grace et al, 2016). In recent
years, using fruit and vegetable processing residues
which are considered an environmental problem has
been attracting interest by researchers as sources
of bioactive compounds (Moreira et al., 2017).
Phytochemicals from agro-industrial wastes can be
used as natural antioxidants and functional food
ingredients to replace their synthetic equivalents
(Tumbas Saponjac et al., 2016).

The pistachio nut (Pistacia vera L.) is one of
the tree nuts which is widely consumed due to its
health-related benefits, and sensory and nutri-
tional characteristics (Grace et al., 2016). Turkey
is the second largest pistachio producer after
The United States with an annual production of
155,000 tonnes (USDA, 2017). When pistachios
are processed into nuts after harvesting, their
reddish purple hulls are removed as a waste after
processing (Oztiirk et al., 2010). As the pistachio
contains 18% hull, the hull is the major waste
from the pistachio industry (Demiral et al., 2008).
Pistachio hull is often mixed with soil and less
commonly used for feedstuff for local livestock
farmers. If not processed further, this by-product
becomes waste and has potential to cause environ-
mental pollution.

The pistachio hull is a good source of protein,
fat, minerals and vitamins. It is also one of the
richest sources of antioxidants, phenolic com-
pounds and essential oil such as a-pinene and
(Z)-a-terpineol (Ozel et al., 2004; Goli et al.,
2005). Recently, the research on phenolic com-
pounds has been growing due to the increasing
worldwide demand for phenolic compounds and
their increasing application in the food industry
(Rodrigues and Pinto, 2007). The pistachio hull
has attracted the interest of researchers because
of its natural phenolics and antioxidants. It has
been shown that pistachio hull extracts have
antioxidant, antimicrobial and antimutagenic
activities (Oztirk et al., 2010; Rajaei et al.,
2010). Investigations have also shown that the

antioxidant effect of pistachio hull extracts were
similar to the synthetic antioxidants BHA and
BHT, which makes the pistachio hull an alterna-
tive to synthetic ones (Goli et al., 2005).

In recent years, faster and more automatic extrac-
tion methods for solid samples have been replac-
ing traditional methods such as Soxhlet extraction
(Gogus et al., 2015). Several extraction methods and
solvents are used for obtaining phenolic extracts
from pistachio hull. These methods include sol-
vent extraction (SE), ultrasound-assisted extrac-
tion (UAE), supercritical fluid extraction (SFE) and
microwave-assisted extraction (MAE) (Goli et al.,
2005; Rajaei et al., 2010). However, no study has
been found on the microwave-assisted extraction of
non-polar compounds from pistachio hull or charac-
terization of the extract. The objectives of this study
were: (1) to determine the chemical composition of
pistachio hull, (ii) to obtain non-polar extracts by
using MAE and traditional Soxhlet methods (iii) to
determine and compare some chemical characteris-
tics of these two non-polar extracts.

2. MATERIALS AND METHODS
2.1. Chemicals and reagents

Folin-Ciocalteau phenol reagent, gallic acid, o-,
B-, y- and d-Tocopherols standards were provided
by Merck (Darmstadt, Germany). 2,2-diphenyl-1-
picrylhydrazyl radical (DPPH), sodium carbonate,
6-hydroxy-2,5,7,8-tetramethyl-chroman-2-carbox-
ylic acid (Trolox), hexane, methanol, 2-propanol
and other solvents were purchased from Sigma
Aldrich. All solvents and reagents were of analyti-
cal or chromatographic grade.

2.2. Sample preparation

Mature healthy pistachio nuts were harvested
from a village near Gaziantep in September, 2015.
The hulls of the harvested nuts were removed and
dried in a vacuum oven (Binder VD53, WTB Binder,
Tuttlinge, Germany) at 40 °C for 5 h. Then the
hulls were ground and the fraction that was sieved
through a 250-mesh sieve was stored at —20 °C in a
freezer until use. The final moisture content of the
hull was less than 3% (w/w on wet basis).

2.3. Chemical composition of pistachio hull

The moisture, protein and ash contents of the
samples were analyzed by the standard methods
of ASTM E1756-01, ASTM E1755-01 and AOAC
984.13, respectively. A non-polar extract was
obtained by the Soxhlet method. Carbohydrate
content was calculated by subtracting other compo-
nents from 100.
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2.4. Preparation of extracts

Soxhlet extraction. Dried pistachio hull sample
(10 g) was extracted with 220 mL hexane for 8 h on
a hot plate using a Soxhlet apparatus. At the end
of extraction, the solvent was evaporated at 40 °C
using a rotary evaporator and the extract was stored
at —20 °C until analysis.

Microwave assisted extraction (MAE). Dried
pistachio hull sample (1.5 g) and different
amounts of hexane were placed in a 35 mL ves-
sel. The mixture was stirred at a high level under
a closed system using a microwave reactor (CEM
Corporation, USA). The extraction was performed
in dynamic mode. Synergy software was used to set
the microwave extraction conditions. The extrac-
tion variables, liquid to solid ratio (5:1-20:1 v/w),
microwave power (170-280 W) and irradiation
time (5-17.5 min) were studied to obtain the maxi-
mum extraction yield (%). After the extraction
process, the mixture was centrifuged at 6000 rpm
for 15 min and the upper layer was collected. The
solvent was evaporated at 40 °C using a rotary
evaporator and the extract was stored at -20 °C
prior to analysis.

2.5. Preparation of cold pressed pistachio oil

Pistachio oil was extracted from pistachio kernels
by cold pressing to compare its fatty acid composi-
tion with that of hexane extracts from the hull. The
dry pistachio kernels were pressed at room tempera-
ture with a manual cold press (YP 0420, Ceselsan
Makina, Giresun Turkey) and stored at 4 °C in a
refrigerator before analysis.

2.6. Characterization of non-polar extracts

Determination of total phenolic content. The
TPC of non-polar extracts was determined accord-
ing to the Folin-Ciocalteu colorimetric as described
by Fuentes et al., (2012) at a wavelength of 765 nm
using a Perkin Elmer Lambda 25 UV/Vis spec-
trophotometer (Connecticut, USA). The pheno-
lic content of the extracts was calculated using a
gallic acid calibration curve and reported as gal-
lic acid equivalent per gram dry weight of sample
(mg GAE/g dw).

Determination of antioxidant activity. The
antioxidant activity of the pistachio hull extracts
was evaluated in terms of radical scavenging
ability using the 2,2-diphenyl-1-picrylhydrazyl
(DPPH) radical according to the procedure
described by Kalantzakis et al., (2006). Briefly,
I mL of an ethyl acetate solution of the extract
at different concentrations (0.05-25 mg/mL) was
mixed with 4 mL of a freshly prepared DPPH
solution (0.1mM) in ethyl acetate. The mixture

was shaken vigorously and incubated in the dark
for 30 min at room temperature. At the end of
the incubation period, the absorbance value of
the solution monitored at 515 nm using a Perkin
Elmer Lambda 25 UV/Vis spectrophotometer
(Connecticut, USA). The antiradical action of
the extracts was determined from the difference
in absorbance with or without sample (control).
The percent inhibition was calculated using the
following formula:

Percent Inhibition (1%) = [(Aontrol — Asample)
/Acontrol)] X 100

The ICs, value is the effective concentration at
which DPPH radicals were scavenged by 50% and
was obtained from the graph of percent inhibition
versus the concentration of the samples. Trolox was
used for comparison.

Determination of tocopherols. The individual
tocopherols of non-polar extracts were quanti-
fied by HPLC following the ISO 9936 Standard
Method. Briefly, the extract was dissolved in hex-
ane and a 10 pL aliquot was analyzed by HPLC
using a silica column and by eluting with hexane:2-
propanol (99.5:0.5 v/v) at a flow rate of 1 mL/min.
A fluorescence detector was set at 290 nm excita-
tion wavelength and 330 nm emission wavelength.
The tocopherols were identified by comparing
the retention times with standards of ao-, -, y- and
d-tocopherols.

Determination of fatty acid composition. The
fatty acid compositions of pistachio oil obtained
from pistachio kernel by cold pressing and non-
polar extracts were determined after converting
to fatty acid methyl esters (FAME) prior to GC
analysis according to the procedure described by
Ciftgi et al., (2009) with some modifications. After
methylation, the fatty acid composition was deter-
mined using a 7890A gas chromatography system
(Agilent Technologies, USA) equipped with a flame
ionization detector (FID), a split/splitless injector
(operated with a split ratio of 1:50), and a capil-
lary column HP-88 (88% Cianopropylaryl 100 m X
0.250 mm ID x 0.20 um). Helium was used as the
carrier gas. The injection temperature was 250 °C
and the injection volume was 1pL. Firstly, the oven
temperature was held at 120 °C for 1 min. Then,
it was set to increase by 10 °C/min until 175 °C,
held for 10 min, followed by an increase of 5 °C/
min up to 210 °C, and held for 5 min. Finally, the
increase in temperature of 5 °C/min up to 230 °C
was applied and held for 5 min. The detector was
set at 260 °C with 350 mL/min air flow, 35 mL/
min hydrogen flow, and 15 mL/min helium makeup
flow. The fatty acids were identified from reten-
tion times based on comparison with fatty acid
standards.
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2.7. Scanning electron microscopy (SEM) analysis

To investigate the influence of Soxhlet and micro-
wave extraction on the surface morphology of the
samples, the solid residues after hexane extraction
were collected and analyzed with scanning electron
microscopy. Three samples (untreated and residues
after Soxhlet and microwave extraction) were used
for the SEM analysis. The samples were mounted
onto aluminium SEM stubs and coated with
gold:palladium in an Emitech SC7620 (Kent, UK)
sputter coater and imaged with JSM-6390LV (JEOL
Ltd., Japan). The SEM photographs were taken at a
magnification of 300 times.

2.8. Statistical Analysis

All extractions and analysis were performed in
triplicate. The results were expressed as mean *+
standard deviation. The experimental data were sta-
tistically analyzed by One-Sample T-Test using the
SPSS statistical software, version 21.0 (SPSS Inc.,
Chicago, IL, USA). The significance level was set at
p < 0.05.

3. RESULTS AND DISCUSSION
3.1. Chemical composition of pistachio hull

Some chemical characteristics of pistachio hull
are given in Table 1. The moisture content was
70.81 £ 0.77% (wb). The contents of ash, protein
and non-polar extract were 11.40 + 0.41, 8.54 *
0.37 and 9.50 + 0.16 % on the dry basis, respec-
tively. The non-polar extract consisted of oil, lipo-
philic vitamins, phenolic compounds, phytosterols
and fatty acids (Grace et al., 2016). These results
are similar to those obtained by Moghaddam
et al., (2009) except for the protein content. This
could be related to differences in the pistachio cul-
tivars, growing practices, kernel maturity and the
de-hulling process as reported by Bakhshizadeh
etal., (2014).

TABLE 1. Some chemical characteristics of pistachio hull.

Compound Pistachio hull
Moisture content (Yowb)* 70.81 +0.77°
Ash (%db)* 11.40 £ 0.41
Protein (%db) 8.54 £ 0.37
Non-polar extract (%odb) 9.50 £0.16
Total carbohydrates (%db) 70.56 £ 0.89

*wet basis.

Peach value in the table represents the mean * standard deviation
of triplicate (N = 3) analyses.

“dry basis

3.2. Extraction of pistachio hull

Non-polar extracts from pistachio hull were
obtained using the Soxhlet and MAE methods.
Soxhlet extraction is a traditional and accepted
method for the extraction of solid samples (De
Castro and Garcia-Ayuso, 1998). The extraction
yield for the Soxhlet method was 9.50 + 0.16% (db).

MAE parameters including liquid to solid ratio,
power and extraction time were investigated to obtain
the maximum extraction yield (%). As for the liquid
to solid ratio, Figure 1 shows that the extraction yield
increased when the liquid to solid ratio increased
from 5:1 to 15:1 (v/w). Furthermore, with an increase
in the liquid to solid ratio from 15:1 to 20:1 (v/iw), a
slight decrease was observed in the extraction yield.
This was probably because a larger volume of solvent
caused a greater absorption of microwave energy, but
sufficient microwave energy may not be available for
breaking the cell walls to release the target constitu-
ents (Liu et al., 2014). Hence, a 15:1 (v/w) liquid to
solid ratio was selected for further experiments.

The effect of power on the extraction yield is shown
in Figure 2. The extraction yield increased from 8.10
to 9.78% by increasing the microwave power from 170
to 250 W. This can be explained by the rapid genera-
tion of heat inside the sample with the absorption
of microwave energy and the subsequent formation
of a higher pressure gradient inside the plant mate-
rial when subjected to higher microwave power levels
as reported by Ranitha et al., (2014). However, the
extraction was almost complete at 250 W and after
this point a further increase in yield was not observed.
Based on these results, the microwave power setting of
250 W was chosen for further extraction experiments.

Figure 3 shows the effect of extraction time on the
extraction yield of pistachio hull. The extraction yield
increased from 8.53 to 9.81% by increasing extraction
time from 5 to 12.5 min. With a further increase in time

11

Extraction yield (%)
©

5:1 10:1 15:1 20:1
Liquid to solid ratio (v/w)

FIGURE 1. The effect of liquid to solid ratio on the extraction
yield (%). Extractions were performed at 275 W for 15 min.
Data are presented as the mean of three experiments with error
bars denoting standard deviation.
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FIGURE 2. The effect of microwave power on the extraction
yield (%). Extractions were carried out for 15 min and at a
liquid to solid ratio of 15:1 (v/w). Data are presented as the

mean of three experiments with error bars denoting standard

deviation.

10.5

10.0 4

9.5 1

9.0 1

Extraction yield (%)

8.5 1

8.0

Time (min)

FIGURE 3. The effect of time on the extraction yield (%0).

Extractions were performed under 250 W and at a liquid to

solid ratio of 15:1 (v/w). Data are presented as the mean of
three experiments with error bars denoting standard deviation.

to above 12.5 min the extraction yield remained almost
constant. A similar trend in the relation between
extraction yield and time was also observed in other
studies (Kittiphoom and Sutasinee, 2015). According
to these results, 12.5 min was chosen as the extrac-
tion time. Rajaei et al., (2010) also studied the MAE
of pistachio hull using a household microwave oven
and found the optimum extraction time as 45 min. The
shorter extraction time obtained in this study could
be due to running the extraction under a high pres-
sure compared to the atmospheric pressure in Rajaei
et al..’s study. In addition, the MAE using a closed-ves-
sel microwave system and Soxhlet extraction methods
were compared in this study and MAE had the higher
extraction yield with reduced extraction time and less
solvent consumption. Based on these results, MAE
can be a good alternative to the Soxhlet method.

3.3. Characterization of non-polar extracts

The total phenolic content (TPC), antioxidant
activity and tocopherol content of pistachio hull
extracts were investigated and the results are sum-
marized in Table 2.

The TPC of the extract obtained by MAE was
higher (33.37 mg GAE/g dw) than the Soxhlet extract
(24.84 mg GAE/g dw). There was a significant dif-
ference (p <0.05) in the TPC between the extracts
of the two mentioned methods. During the MAE
process, the extraction temperature did not exceed
60 °C and the time was 12.5 min. However, the tra-
ditional Soxhlet method involved long extraction
time (8 h) and exposure to high temperatures that
may lead to the thermal degradation of phenolic
compounds. Goli et al., (2005) studied the total phe-
nolic content of pistachio hull extracts which were
extracted by different solvents (water, methanol and
ethyl acetate). They have reported that the water and
methanol extracts have high phenolic content (32.0—
34.0 mg TAE/g dry weight of sample). However,
there is no study in the literature about the TPC of
non-polar extracts from pistachio hull.

TaBLE 2. Total phenolic content, antioxidant activity and tocopherol content of extracts obtained by Soxhlet
and MAE methods.

Properties” Soxhlet extraction MAE
Phenolic content (mg GAE"/g dw) 24.84 +0.32° 33.37+£0.59
Total antioxidant activity (DPPH assay, ICs,, mg extract/ml) 2.58 £0.15 247£0.18
Tocopherol content a-tocopherol 466.44 + 3.73 567.65 £2.53
(mgfkg extract) y-tocopherol 23.94 + 1.03 14.69 + 0.47
d-tocopherol 268.47 +1.38 264.49 +1.22
Total 758.85 = 1.47 846.84 £ 1.05

“All comparisons between MAE and Soxhlet extractions in all analyses were significant at p < 0.05. Comparison was made by the

One-Sample T-Test.
"GAE: gallic acid equivalent.

“Each value in the table represents the mean * standard deviation of triplicate (N = 3) analyses
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The ICs, values of the extracts obtained by the
Soxhlet and MAE methods were 2.58 and 2.47 mg
extract/mL, respectively. The difference between
the ICy, values of the extracts was not statistically
significant (p > 0.05). However, all the extracts
showed lower antioxidant activity than that of
trolox (ICs, value for trolox was 0.021 mg/mL).
Valavanidis et al., (2004) reported that the 1Cs, val-
ues of extra virgin olive oil, corn oil, sunflower oil
and soybean oil were 11.00, 15.00, 14.00 and 10.00
mg/mL, respectively. Thus, the non-polar extracts
of pistachio hull might actually possess better anti-
oxidant activity when compared with commercial
edible oils.

Tocopherols are one of the minor components
of vegetable oils and have antioxidant properties
which make them an essential nutrient for human
health (Kiralan et al., 2014). Tocopherol content
of pistachio hull extracts were determined (Table 2)
and o-tocopherol was the major tocopherol (466.44
and 567.65 mg/kg extract for the Soxhlet and MAE
methods, respectively) while y-tocopherol was the
rare tocopherol (23.94 and 14.69 mg/kg extract for
the Soxhlet and MAE methods, respectively) found
in extracts. It can be reported that the concentration
of tocopherols in non-polar extracts was affected
by the extraction method. MAE resulted in signifi-
cantly higher tocopherol concentration (846.84 mg/
kg extract) than that of Soxhlet extraction method
(758.85 mg/kg extract) (p < 0.05). This can be due
to the effect of microwave irradiation, which causes
damage to hull cell membranes and allows an
increased release of tocopherols which also enhances
their amount in the extract (Azadmard-Damirchi

et al., 2010). Gliszczynska-Swiglo et al., (2007) stud-
ied the tocopherol contents in edible plant oils and
reported that refined corn and soybean oils have the
highest tocopherol contents (829 mg/kg) while refined
grapeseed and extra virgin olive oils have the lowest
tocopherol contents (121 and 177 mg/kg, respec-
tively). Ozrenk et al., (2012) demonstrated that pista-
chios contained 1.36-26.93 mg/kg of a-tocopherol,
36.17-170 mg/ kg of y-tocopherol, 0.45-2.61 mg/
kg of 6-tocopherol. But there is no literature study
on the tocopherol content of pistachio hull and our
results showed that pistachio hull is a rich source of
tocopherols.

The fatty acid composition of pistachio kernel
oil and non-polar extracts are presented in Table 3.
The results indicate that oleic and linoleic acids were
the main unsaturated fatty acids, while palmitic acid
was the predominant saturated fatty acid of the
non-polar extracts. These results were similar with
the results of Ghaffari et al., (2014) who determined
the fatty acid composition of pistachio by-prod-
ucts. Although trans fatty acids were found in both
extracts, their level in Soxhlet extract was higher
than the extract obtained by MAE. Pérez-Serradilla
et al., (2007) reported that the formation of trans
fatty acids could be due to thermally induced cis-
trans isomerization. In MAE, the extraction time
was much shorter and the extraction was conducted
at lower temperatures than those applied in the
Soxhlet method.

Similar to the non-polar extracts of pistachio
hull, the major saturated fatty acid of cold pressed
pistachio kernel oil was palmitic acid while the
major unsaturated fatty acids were oleic and linoleic

TaBLE 3. Fatty acid compositions (g/100 g FA) of pistachio kernel oil and oil in hexane extracts obtained by Soxhlet and
MAE methods.

Fatty acid composition (g / 100 g fatty acid)

Fatty acid Pistachio kernel Oil Soxhlet extraction MAE
Palmitic (C16:0) 8.80 £ 0.02* 15.90£0.25 16.40£0.58
Palmitoleic (C16:1) 0.61 £0.01 nd® nd
Heptadecenoic (C17:1) 0.07 £ 0.01 nd nd
Stearic (C18:0) 1.85%0.01 4.36£0.28 5.78%+0.16
Elaidic (C18:1 trans) nd 4.10£0.26 3.21£0.04
Oleic (C18:1 cis) 70.36 £ 0.01 42.01£1.17 48.46x1.54
Linoelaidic (C18:2 trans) nd 4.37+0.36 nd
Linoleic (C18:2 cis) 17.05 +0.01 20.90£0.69 19.01£0.51
v-linolenic (C18:3 n-6) 0.17 £0.02 nd nd
a-linolenic (C18:3 n-3) 0.22£0.03 9.69%0.50 7.14£0.27
Eicosenoic (C20:1) 0.43 £0.01 nd nd
Eicosatrienoic (C20:3 n-6) 1.13£0.03 nd nd

*Each value in the table represents the mean * standard deviation of triplicate (N = 3) analyses.

"Not detected
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FIGURE 4. Scanning electron microscope images of pistachio hull before (a) and after extraction by Soxhlet (b) and microwave
assisted extraction (c).

acids. Kirbaslar ez al., (2012) reported similar results.
Pistachio kernel oil had a higher oleic acid concen-
tration but lower palmitic, stearic and o-linolenic
acid concentrations compared to hull extracts. Trans
fatty acids were not detected in kernel oil. This could
be due to the fact that the kernel oil was extracted by
cold press and was not exposed to temperature.

3.4. Scanning electron microscopy (SEM) analysis

The untreated pistachio hull and pistachio hull
residues after Soxhlet and microwave assisted extrac-
tion methods were examined by SEM for structural
analyses to investigate the effect of different extrac-
tion techniques (Figure 4). After Soxhlet extraction,
a few slight ruptures were observed on the surface
of the hull sample when compared to the untreated
hull (Figure 4(b)). In the Soxhlet method, a heated
solvent slowly diffuses into the solid matrix, dis-
solving and extracting the components that cause
little destruction on sample microstructure. After
MAE, obvious changes on the surface morphology
were observed (Figure 4c). These changes suggested
that microwave treatment played an important role
in breaking up plant cell walls. Microwave irradia-
tion affected the physical cell structure owing to
the potential of electromagnetic waves to sudden
temperature rises during microwave irradiation and
internal pressure increases due to high vapor pres-
sure inside the plant cells (Dahmoune et al., 2015).

4. CONCLUSIONS

In this study, the chemical characterization and
extraction of non-polar compounds from pistachio
hull were performed. The results indicated that pis-
tachio hull can be considered as a good source of
natural bioactive compounds. Microwave assisted
extraction conditions were chosen as liquid to solid
ratio of 15:1 (v/w), power of 250 W and time of
12.5 min to obtain the maximum extraction yield
(%). Under these conditions, higher extraction
yield (%) and extract with higher antioxidant activ-
ity, and total phenolic and tocopherol contents
were obtained by MAE when compared to the tra-
ditional Soxhlet method. SEM observation of the
extraction residues suggested that microwave irra-
diation destroyed the plant tissue, which probably
enhanced the release of chemical substances into
the solvents.

Further studies should be developed for the char-
acterization of pistachio hull extracts and identifi-
cation of compounds responsible for bioactivity.
Additionally, the potential showed by pistachio hull
extracts can lead to the valorization of a significant
by-product of pistachio industrial processing which
nowadays has an inadequate use. Moreover, MAE
as an alternative extraction technique should be
investigated for plant trials and continuous micro-
wave systems to recover the high value-added prod-
ucts from biomass residues.

Grasas Aceites 69 (3), July—September 2018, ¢260. ISSN-L: 0017-3495 https://doi.org/10.3989/gya.0217181


https://doi.org/10.3989/gya.0217181

8 « H.N. Ozbek, D. Kogak Yanik, S. Fadiloglu, H. Keskin Cavdar and F. G&giis

REFERENCES

AOAC-Official Methods of Analysis. 2006. AOAC 984.13: Total
Nitrogen By Kjeldahl.

ASTM International. 2015. ASTM E1755-01: Standard Test
Method for Ash in Biomass.

ASTM International. 2015. ASTM E1756-01: Standard Test
Method for Determination of Total Solids in Biomass.

Azadmard-Damirchi S, Habibi-Nodeh F, Hesari J, Nemati M,
Achachlouei BE. 2010. Effect of pretreatment with micro-
waves on oxidative stability and nutraceuticals content of
oil from rapeseed. Food Chem. 121, 1211-1215. https://doi.
org/10.1016/j.foodchem.2010.02.006

Bakhshizadeh S, Taghizadeh A, Janmohammadi H, Alijani S.
2014. Chemical composition and the nutritive value of pis-
tachio epicarp (in situ degradation and in vitro gas produc-
tion techniques). Vet. Res. Forum 5, 43-47.

Ciftgi ON, Fadiloglu S, Gogiis F. 2009. Conversion of olive
pomace oil to cocoa butter-like fat in a packed-bed enzyme
reactor. Bioresour. Technol. 100, 324-329. https://doi.
org/10.1016/j.biortech.2008.05.035

Dahmoune F, Nayak B, Moussi K, Remini H, Madani K.
2015. Optimization of microwave-assisted extraction
of polyphenols from Myrtus communis L. leaves. Food
Chem. 166, 585-595. https://doi.org/10.1016/j.foodchem.
2014.06.066

Demiral I, Atilga NG, Sens6z S. 2008. Production of biofuel
from soft shell of pistachio (Pistacia vera L.). Chem. Eng.
Commun. 196, 104-115. https://doi.org/10.1080/00986440802
300984

Fuentes E, Baez ME, Bravo M, Cid C, Labra F. 2012.
Determination of total phenolic content in olive oil
samples by UV-visible spectrometry and multivariate
calibration. Food Anal. Methods 5, 1311-1319. https://doi.
org/10.1007/s12161-012-9379-5

Garavand F, Madadlou A, Moini S. 2017. Determination of
phenolic profile and antioxidant activity of pistachio hull
using high-performance liquid chromatography—diode
array detector—electro-spray ionization-mass spectrom-
etry as affected by ultrasound and microwave. Int. J. Food
Prop. 20, 19-29. https://doi.org/10.1080/10942912.2015.1
099045

Ghaffari MH, Tahmasbi AM, Khorvash M, Naserian AA,
Vakili AR. 2014. Effects of pistachio by-products in
replacement of alfalfa hay on ruminal fermentation,
blood metabolites, and milk fatty acid composition in
Saanen dairy goats fed a diet containing fish oil. J. Appl.
Anim. Res. 42, 186-193. http://doi.org/10.1080/09712119.
2013.824889

Gliszczynska-Swiglo A, E. Sikorska, 1. Khmelinskii, M.
Sikorski. 2007. Tocopherol content in edible plant oils. Pol.
J. Food Nutr. Sci. 57, 157-161.

Gogus F, Ozel MZ, Keskin H, Kogak Yanik D, Lewis AC. 2015.
Volatiles of fresh and commercial sweet red pepper pastes:
processing methods and microwave assisted extraction. Int.
J. Food Prop. 18, 1625-1634. https://doi.org/10.1080/10942
912.2014.923910

Goli AH, Barzegar M, Sahari MA. 2005. Antioxidant activ-
ity and total phenolic compounds of pistachio (Pistachia
vera L.) hull extracts. Food Chem. 92, 521-525. https://doi.
org/10.1016/j.foodchem.2004.08.020

Grace MH, Esposito D, Timmers MA, Xiong J, Yousef G,
Komarnytsky S, Lila MA. 2016. Chemical composition,
antioxidant and anti-inflammatory properties of pista-
chio hull extracts. Food Chem. 210, 85-95. https://doi.
org/10.1016/j.foodchem.2016.04.088

International Organization for Standardization, 2006. ISO 9936:
Animal and vegetable fats and oils - Determination of
tocopherol and tocotrienol contents by high-performance
liquid chromatography, Geneva, Switzerland.

Kalantzakis G, Blekas G, Pegklidou K, Boskou D. 2006.
Stability and radical-scavenging activity of heated olive
oil and other vegetable oils. Eur. J Lipid Sci. Tech. 108,
329-335. https://doi.org/10.1002/ej1t.200500314

Kiralan M, Ozkan G, Bayrak A, Ramadan ME. 2014.
Physicochemical properties and stability of black cumin
(Nigella sativa) seed oil as affected by different extrac-
tion methods. Ind. Crops Prod. 57, 52-58. https://doi.
org/10.1016/j.indcrop.2014.03.026 .

Kirbaslar FG, Tiirker G, Ozsoy-Giines Z, Unal M, Diilger B,
Ertas E, Kizilkaya B. 2012. Evaluation of fatty acid com-
position, antioxidant and antimicrobial activity, mineral
composition and calories values of some nuts and seeds
from Turkey. Rec. Nat. Prod. 6, 339-349.

Kittiphoom S, Sutasinee S. 2015. Effect of microwaves pretreat-
ments on extraction yield and quality of mango seed kernel
oil. Int. Food Res. J. 22, 960-964.

Liu W, Zhao CL, Zhao J, Chen D, Li Q H. 2014. Optimized
microwave-assisted extraction of 6-gingerol from Zingiber
officinale roscoeand evaluation of antioxidant activity in
vitro. Acta Sci. Pol. Technol. Aliment. 13, 155-168.

Luque de Castro MD, Garcia-Ayuso LE. 1998. Soxhlet extrac-
tion of solid materials: an outdated technique with a prom-
ising innovative future. Anal. Chim. Acta 369, 1-10. https://
doi.org/10.1016/S0003-2670(98)00233-5

Moghaddam M T, RazaviSMA, Malekzadegan F, Shaker Ardekani
A.2009. Chemical composition and rheological characteriza-
tion of pistachio green hull’s marmalade. J. Texture Stud. 40,
390-405. https://doi.org/10.1111/j.1745-4603.2009.00188.x

Moreira MM, Barroso MF, Boeykens A, Withouck H, Morais
S, Delerue-Matos C. 2017. Valorization of apple tree
wood residues by polyphenols extraction: Comparison
between conventional and microwave-assisted extraction.
Ind. Crop. Prod. 104, 210-220. https://doi.org/10.1016/].
indcrop.2017.04.038

Oboh G, Raddatz H, Henle T. 2008. Antioxidant properties of
polar and non-polar extracts of some tropical green leafy
vegetables. J Sci. Food Agric. 88, 2486-2492. https://doi.
org/10.1002/jsfa.3367

Olas B, Zuchowski J, Lis B, Skalski B, Kontek B, Grabarczyk
b, Stochmal, A. 2018. Comparative chemical compo-
sition, antioxidant and anticoagulant properties of
phenolic fraction (a rich in non-acylated and acylated
flavonoids and non-polar compounds) and non-polar
fraction from Elaeagnus rhamnoides (L.) A. Nelson
fruits. Food Chem. 247, 39-45. https://doi.org/10.1016/].

. foodchem.2017.12.010

Ozel MZ, Gogiis F, Hamilton JF, Lewis AC. 2004. The essen-
tial oil of Pistacia vera L. at various temperatures of direct
thermal desorption using comprehensive gas chroma-
tography coupled with time-of-flight mass spectrometry.

. Chromatographia 60, 79-83.

Ozrenk K, Javidipour I, Yarilgac T, Balta F, Giindogdu M.
2012. Fatty acids, tocopherols, selenium and total carotene
of pistachios (P. vera L.) from Diyarbakir (Southestern
Turkey) and walnuts (J. regia L.) from Erzincan (Eastern
Turkey). Food Sci. Technol. Int. 18, 55-62. https://doi.

. org/10.1177/1082013211414174

Oztiirk I, Ekici L, Yetim H, Sagdig O. 2010. Antioxidative, anti-
radikale und antimikrobielle aktivitdten des fruchthiillen-
extrakts von frischen Antep-pistazien. J. Verbrauch. Lebensm.
5, 163-167. https://doi.org/10.1007/s00003-009-0529-7

Pérez-Serradilla JA, Ortiz MC, Sarabia L, Luque de Castro
MD. 2007. Focused microwave-assisted Soxhlet extraction
of a corn oil for determination of the fatty acid profile by
GC-MS. Comparison with conventional and standard
methods. Anal. Bioanal. Chem. 388, 451-462. https://doi.
org/10.1007/s00216-007-1227-x

Rajaei A, Barzegar M, Mobarez AM, Sahari MA, Esfahani ZH.
2010. Antioxidant, anti-microbial and antimutagenicity
activities of pistachio (Pistachia vera) green hull extract.
Food Chem. Toxicol. 48, 107-112. https://doi.org/10.1016/j.
fct.2009.09.023

Ranitha M, Nour AH, Sulaiman ZA, Nour AH, Raj Thana S.
2014. A comparative study of lemongrass (Cymbopogon
Citratus) essential oil extracted by microwave-assisted
hydrodistillation (MAHD) and conventional hydro distil-
lation (HD) method. Int. J. Chem. Eng. Appl. 5, 104-108.

Grasas Aceites 69 (3), July—September 2018, ¢260. ISSN-L: 0017-3495 https://doi.org/10.3989/gya.0217181


https://doi.org/10.3989/gya.0217181
https://doi.org/10.1016/j.foodchem.2010.02.006
https://doi.org/10.1016/j.foodchem.2010.02.006
https://doi.org/10.1016/j.biortech.2008.05.035
https://doi.org/10.1016/j.biortech.2008.05.035
https://doi.org/10.1016/j.foodchem.2014.06.066
https://doi.org/10.1016/j.foodchem.2014.06.066
https://doi.org/10.1080/00986440802300984
https://doi.org/10.1080/00986440802300984
https://doi.org/10.1007/s12161-012-9379-5
https://doi.org/10.1007/s12161-012-9379-5
https://doi.org/10.1080/10942912.2015.1099045
https://doi.org/10.1080/10942912.2015.1099045
http://doi.org/10.1080/09712119.2013.824889
http://doi.org/10.1080/09712119.2013.824889
https://doi.org/10.1080/10942912.2014.923910
https://doi.org/10.1080/10942912.2014.923910
https://doi.org/10.1016/j.foodchem.2004.08.020
https://doi.org/10.1016/j.foodchem.2004.08.020
https://doi.org/10.1016/j.foodchem.2016.04.088
https://doi.org/10.1016/j.foodchem.2016.04.088
https://doi.org/10.1002/ejlt.200500314
https://doi.org/10.1016/j.indcrop.2014.03.026
https://doi.org/10.1016/j.indcrop.2014.03.026
https://doi.org/10.1016/S0003-2670(98)00233-5
https://doi.org/10.1016/S0003-2670(98)00233-5
https://doi.org/10.1111/j.1745-4603.2009.00188.x
https://doi.org/10.1016/j.indcrop.2017.04.038
https://doi.org/10.1016/j.indcrop.2017.04.038
https://doi.org/10.1002/jsfa.3367
https://doi.org/10.1002/jsfa.3367
https://doi.org/10.1016/j.foodchem.2017.12.010
https://doi.org/10.1016/j.foodchem.2017.12.010
https://doi.org/10.1177/1082013211414174
https://doi.org/10.1177/1082013211414174
https://doi.org/10.1007/s00003-009-0529-7
https://doi.org/10.1007/s00216-007-1227-x
https://doi.org/10.1007/s00216-007-1227-x
https://doi.org/10.1016/j.fct.2009.09.023
https://doi.org/10.1016/j.fct.2009.09.023

Microwave-assisted extraction of non-polar compounds from pistachio hull and characterization of extracts ¢ 9

Rodrigues S, Pinto GA. 2007. Ultrasound extraction of pheno- U. S. Dept. Agriculture, Foreign Agricultural Service. 2017. Tree
lic compounds from coconut (Cocos nucifera) shell pow- Nuts: World Markets and Trade. https://apps.fas.usda.gov/
der. J Food Eng 80, 869-872. https://doi.org/10.1016/]. psdonline/circulars/TreeNuts.pdf (accessed 8 March 2018).
jfoodeng.2006.08.009 ) Valavanidis A, Nisiotou C, Papageorgiou Y, Kremli I, Satravelas

Tumbas Saponjac V, Canadanovi¢-Brunet J, Cetkovi¢ G, Jakisi¢ N, Zinieris N, Zygalaki H. 2004. Comparison of the radi-
M, Djilas S, Vuli¢ J, Staj¢i¢ S. 2016. Encapsulation of cal scavenging potential of polar and lipidic fractions of
beetroot pomace extract: RSM optimization, storage and olive oil and other vegetable oils under normal conditions
gastrointestinal stability. Molecules 21, 584. https://doi. and after thermal treatment. J Agr. Food Chem. 52, 2358-
org/10.3390/molecules21050584 2365. https://doi.org/10.1021/;£030491h

Grasas Aceites 69 (3), July—September 2018, ¢260. ISSN-L: 0017-3495 https://doi.org/10.3989/gya.0217181


https://doi.org/10.3989/gya.0217181
https://doi.org/10.1016/j.jfoodeng.2006.08.009
https://doi.org/10.1016/j.jfoodeng.2006.08.009
https://doi.org/10.3390/molecules21050584
https://doi.org/10.3390/molecules21050584
https://apps.fas.usda.gov/psdonline/circulars/TreeNuts.pdf
https://apps.fas.usda.gov/psdonline/circulars/TreeNuts.pdf
https://doi.org/10.1021/jf030491h



