Journal of Nuts 12(4) (2021) 361-370

5

E

i
N\ )}Jl

g

~
..

V7

Journal of Nuts

Journal homepage: ijnrs.damghaniau.ac.ir

ORIGINAL ARTICLE

Optimizing the Extraction of Phenolic Compounds from Pistachio Hulls

Najmeh Pakdaman™, Rosa Dargahi?, Marieh Nadi*, Amanollah Javanshah', Ahmad Shakerardekani®, Najmeh

Saberi*

'Research Assistant, Pistachio Research Center, Horticulture Sciences Research Institute, Agriculture Research

Education and Extension Organization (AREEO), Rafsanjan, Iran

“Researcher, Pistachio Research Center, Horticulture Sciences Research Institute, Agriculture Research Education

and Extension Organization (AREEO), Rafsanjan, Iran

®Research Associate, Pistachio Research Center, Horticulture Sciences Research Institute, Agriculture Research

Education and Extension Organization (AREEQ), Rafsanjan, Iran

*Lab Expert, Pistachio Research Center, Horticulture Sciences Research Institute, Agriculture Research Education

and Extension Organization (AREEQO), Rafsanjan, Iran

ARTICLEINFO

ABSTRACT

Keywords:
Antioxidant;
Pistachio hulls;
Total phenolics;
Wastes

Pistachio hull, as the dominant component of pistachio processing wastes, is a source of phenolics
with antioxidant properties. Extracting these compounds from pistachio wastes has recently
attracted a lot of attention. The current study aimed to identify the optimal conditions for extracting
phenolics from pistachio hulls. Firstly, some parameters such as different sample to solvent ratios
(1:10, 1:20, and 1:40), extraction temperatures (25, 45, and 65°C), and duration times (1, 2, and 3
h) were evaluated under extracting solvent of water. The content of total phenolics and antioxidant
activity were determined using spectrophotometric methods. The results indicated that the highest
phenolics (~35 mg g™) were extracted at 2 h extraction time, 65 °C, and the sample to solvent ratio
of 1:10 (optimum condition by the solvent of water). Secondly, other organic solvents of ethanol,
methanol, and acetone 50% were evaluated to identify the best solvent under optimal conditions.
All of these organic solvents were more efficient than water in extracting total phenolics (with
antioxidant property) from pistachio hulls. However, the highest amount of total phenolics (~47 mg
g") was extracted by ethanol. Optimizing the extraction of phenolic compounds from pistachio
hulls would be important in terms of reducing human and environmental risks caused by the waste
accumulation, as well as producing naturally beneficial compounds and using them instead of

synthetic antioxidants in the human diet.

Introduction

Pistachio (Pistacia vera L.) is originated from Nazoori et al. 2022). The history of pistachio cultivation
Central Asia and then introduced throughout the Middle in Iran dates back to 3-4 thousand years ago (Abrishami
East and the Mediterranean area (Hosseini et al., 2022; et al., 2019) when this plant was well adapted to arid
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and semi-arid regions of Iran (Norozi et al., 2019). With
the start of pistachio export about 70 years ago, it
attracted special economic and commercial importance
and lIran was recognized as the first and the most
important producer in the world. Since then, the area
under cultivation of this crop has expanded to about 10-
12 thousand hectares annually. Abiotic stresses hiders
plants from survival in a specific environment by
imposing adverse effects on plant performance (Babaei
et al., 2021) The other important factor involved in the
expansion of pistachio cultivation is its resistance to
drought and salinity conditions (Abrishami et al., 2019).
Its cultivated area is estimated at 459000 hectares, with
an average annual production of 240000 tons of dried
pistachio (Hokmabadi, 2018).

Hulling of pistachio product after harvesting
annually produces about 400000 tons of wastes
2008).
Pistachio wastes are a set of materials that remains in

(byproducts) in Iran (Bagheripour et al.,
the hulling machine by separating pistachio seeds. They
are composed of colored hulls (exo- and mesocarp),
clusters, and leaves (Aminian and Shakerardekani,
2009). It has experimentally shown that 1 kg pistachio is
obtained from every 3 kg product transported from
gardens to processing terminals. The rest (2kg) are
wastes, which mainly include pistachio hulls (Ersan et
al., 2016). Because of high moisture content, these
compounds have a perishable nature and after a few
days (sometimes 1 or 2 days) become black, rotten, and
moldy (Shakerardekani and Molaei, 2020). In addition,
the infestation of annoying insects can be seen around
them. Such compounds are also a suitable substrate for
overwintering of Aspergillus spores, which makes it
difficult to prevent the spread of aflatoxin contamination
(Foroogh-Ameri, 1997). Some gardeners unfortunately
use these wastes as green manure, which in turn
introduce aflatoxin to their orchards (Shakerardekani
and Molaei, 2020). As a result, pistachio wastes cause

widespread environmental risks. On the other hand,
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significant amounts of agricultural products accrue
having low or no commercial value, which must be
disposed of at the processor’s expense (Ersan et al.,
2016).

Recently, the valorization of pistachio wastes has
attracted widespread interest, so far been hampered by
lacking identification of valuable target compounds.
Pistachio hull, as the predominant byproduct of
commercial pistachio processing, is recognized as the
main source of phenolic compounds with antioxidant
and antimicrobial activities (Goli et al., 2005; Rajaei et
al., 2010; Barreca et al., 2016). Phenolic compounds are
an integral part of the human diet and their benefits are
related to antioxidant activity (Cheniany et al., 2013;
Khodadadi et al., 2016; Gam et al., 2020). In recent
years, using natural phenolic compounds instead of
synthetics, such as butylated hydroxyetholuene (BHT)
and butylated hydroxyanisole (BHA), in the food
industry has attracted much attention (Goli et al., 2005;
Taghvaei and Jafari, 2015; Habibie et al., 2019; Liu and
Mabury, 2020; Wang et al., 2021). In addition to plant
products (like rosemary, thyme, pepper, peach, tea,
pistachio, walnut, etc.), some agricultural byproducts
such as date, grape and pomegranate seeds, and
pistachio and walnut hulls can also be important sources
of phenolic compounds (Al-Farsi and Lee, 2008; Kabir
et al., 2015; Shamshiri and Hasani et al., 2015; Mokrani
and Madani, 2016; Ambigaipalan et al., 2017; Ersan et
al., 2017; Habibie et al., 2019; Sharifkhah et al., 2020,
Habibi et al., 2021). HPLC assessment realized 66
phenolic compounds (as gallic acid, monogalloyl
glucoside, monogalloyl quinic acid, penta-O-galloyl-s-
3-0-

galactoside, quercetin 3-O-glucoside, quercetin 3-O-

D-glucose, hexagalloyl hexose, quercetin
glucoronide, etc.) in pistachio exo- and mesocarp (red
and green hulls) (Ersan et al., 2016). So, pistachio hulls
were recognized as a structurally diverse and potentially
active source of phenolic compounds. They therefore

would be a valuable byproduct of pistachio processing
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which have further application as raw materials for the
recovery of nutritional, pharmaceutical, and chemical
products.

Mokhtarpour et al. (2014) studied the effects of
different solvents (70% acetone, 50% methanol, 50%
ethanol and water), particle sizes of fine versus course,
and extraction times of 12 and 24 h on the extraction of
total phenolics of pistachio byproducts. Their results
indicated that the extracted total phenolics were more by
using 70% acetone (13.86%) compared to other
solvents. The lowest phenolics content was extracted by
(9.87%).
extraction time had no significant effect on extracted

water Parameters as particle size and
total phenolics. In another part of this experiment,
ultrasound-assisted extraction was used for phenolics
extraction, and results were compared to 12 h extraction
without ultrasonic. There was not any significant
difference between the total phenolics content extracted
by these two methods (Mokhtarpour et al., 2014).

In another research, phytochemicals and free radicle
scavenging activity of wild pistachio (P. khinjuk) hull
and kernel were evaluated by using the ethanol
percolation method (Mortazavi et al., 2015). Phenolic
content was detected in the hulls and kernels as 25.6 and
6.3 mg g™ dry weight, respectively. The hull extract had
a greater effect on the scavenging of free radicles (88%)
compared to the kernels, which could be due to its
higher amounts of phenolic compounds.

As mentioned above, various works have been
performed on pistachio wastes and extracting phenolic
compounds under different conditions. In the current
research, it has been tried to evaluate and compare a set
of different conditions (such as different extraction
times, temperatures, sample to solvent ratios, and
solvents) together, which were examined separately in
previous studies. On the other hand, unlike some
researches that were performed on pistachio green hull
(Rajaei et al., 2010), we focused more on the ripped and

red hull at harvesting time to reduce the human and

363

Journal of Nuts 12(4) (2021) 361-370

environmental risks caused by their accumulation at
pistachio processing period and also to optimize the
production of naturally beneficial compounds.

Materials and Methods
Plant material extraction

Pistachio (P. vera) crop was harvested at the
maturity phase. Their hulls, which often become red
after ripening, were physically separated, dried, and
grounded using a laboratory mill. Dried materials were
subjected to phenolic compounds extraction using a
magnetic stirrer plate. To determine the optimal

extraction condition of phenolics, firstly some
parameters as a different sample to solvent ratios (1:10,
1:20, and 1:40), extraction temperatures (25, 45, and
65°C) and times (1, 2 and 3 h) were applied under
extracting solvent of water. The supernatant was
separated by centrifugation (15 min at 10000 rpm) and

filter paper of Whatman No. 4.
Total phenolics

Total phenolic compounds of pistachio hull extracts
were measured according to the modified method of
Folin-Ciocalteu (Yoo et al., 2004). About 200 pl of hull
extract was mixed with 1 ml of Folin-Ciocalteu reagent
and 0.8 ml of 7.5% sodium bicarbonate solution (w/v).
After 30 min at room temperature, the absorbance was
read at 765 nm. Total phenolic content was expressed as
mg gallic acid equivalents per g sample dry weight

using the calibration curve.
Antioxidant activity

The other factor evaluated in this research was
antioxidants activity. Its measuring was based on the
reduction of the radical form of DPPH (1,1-diphenyl1-
2picrylhydrazyl) alcoholic solution in the presence of
antioxidants,

hydrogen-giving especially  phenolic

compounds. As 0.1 ml of extract was mixed with 0.9 ml
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of methanolic solution of DPPH (0.04 mg ml™). After
20 min at room temperature and darkness, the
absorbance was read at 517 nm (Mokrani and Madani,
2016).

Extraction of some organic solvents

According to the content of total phenolics extracted
in the previous step (by water solvent), the optimal
conditions for extraction were determined. Then other
organic solvents (ethanol, methanol, and acetone 50%)
were evaluated to identify the best solvent under optimal
conditions. Factors studied in this part of the research

include total phenolics as well as antioxidant activity.
Statistical analysis

In this research, a factorial experiment in a

completely randomized design was employed to
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evaluate the effects of independent variables (3
extraction times of 1, 2 and 3h; 3 temperatures of 25, 45
and 65°C; 3 samples to solvent ratios of 1:10, 1:20 and
1:40; and 4 solvents of water, ethanol, methanol, and
acetone 50%) on dependent variables of total phenolics
content and antioxidant activity, with 3 replications for
each treatment. Statistical analysis of data was
performed using SPSS (version 16) and Duncan's test

(P<0.05) was applied to compare the means.
Results

The results of variance analysis indicated the effects
of different sample to solvent ratios (1:10, 1:20 and
1:40), extraction times (1, 2 and 3h), temperatures (25,
45 and 65°C), and solvents (water, ethanol, methanol,
and acetone 50%) on phenolic compounds and

antioxidant activity of pistachio hull extract (Table 1).

Table 1. The variance analysis indicated the effects of different factors, as a sample to the solvent ratio (1:10, 1:20, and 1:40), extraction time (1, 2
and 3h) and temperature (25, 45, and 65°C), on phenolic compounds and antioxidant activity of pistachio hull extract.

source of variation

Phenolic compounds Antioxidant activity

df Mean Square df Mean Square
Sample to solvent ratio 2 428.861* 2 1146.978*
Extraction time 2 2033.966* 2 903.588*
Temperature 2 1480.091* 2 2990.821*
Sample to solvent ratio*extraction time 4 16.617 4 3.197
Sample to solvent ratio*temperature 4 22.752 4 24.854
Extraction time* temperature 4 109.053* 4 3281.887*
Sample to solvent ratio*extraction time*temperature 8 5.567 8 12.391
Error 216 216
Total 243 243
Solvents 3 118.865* 3 267.064*
Error 8 8
Total 12 12

*Significant at P<0.05

The effect of different extraction times (1, 2, and 3
h), temperatures (25, 45, and 65°C), and sample to
solvent ratios (1:10, 1:20, and 1:40) on the concentration
of total phenolics extracted from pistachio hulls were

indicated in Fig. 1. As the results of 1 h extraction show,
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the content of total phenolics decreased significantly by
changing the sample to solvent ratio from 1:10 to 1:20
and 1:40 at 25 and 45°C. There was not any significant
difference between different samples to solvent ratios at

65°C. At 2 h extraction time, total phenolic reduced
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significantly by changing sample to solvent ratio from
1:10 to 1:40 at 25 and 45°C. Total phenolic compounds
reached the highest amount of ~35 mg g* at 2 h
extraction time, 65°C, and the sample to solvent ratio of
1:10 (optimum phenolic extraction condition by water).
There was not any significant difference between
different samples to solvent ratios at this condition. By
increasing extraction time to 3 h, the content of total
phenolics reduced significantly. As the lowest content
(~13 mg g") of total phenolics was detected at 3h
extraction time and 1:40 sample to the solvent ratio (Fig.
1).

Fig. 2 shows that the radicle-scavenging activity of
pistachio hull extracts was enhanced by changing
sample to solvent ratios from 1:10 to 1:40. This
relationship was somewhat the same in different
extraction times and temperatures (Fig. 2).

In the other part of current research (Fig. 3), total

phenolics extracted by different organic solvents

Journal of Nuts 12(4) (2021) 361-370

(ethanol, methanol, and acetone 50%) were compared to
those extracted by water at optimal condition (2 h time,
temperature of 65°C, and the sample to solvent ratio of
1:10). All three organic solvents of ethanol, methanol
and acetone 50% were significantly more efficient than
water in extracting total phenolic compounds from
pistachio hulls. The highest amount of total phenolics
(~47 mg g ™) was extracted by ethanol and there was not
any significant difference between methanol and
acetone 50% (Fig. 3).

The effect of different solvents of ethanol, methanol,
and acetone 50% on antioxidant activity (RSA %) of
pistachio hulls extraction was compared to water in Fig.
4. As the results show, all organic solvents (ethanol,
methanol, and acetone 50%) increased RSA % of the
hull extract, compared to water. While there was not any

significant difference between them (Fig. 4).
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Fig. 1. The effect of different times (1, 2, and 3 h), temperatures (25, 45, and 65°C), and sample to the solvent ratio (1:10, 1:20, and 1:40) on the extraction
efficiency of total phenolics from pistachio hulls. The columns with common letters are not significantly different according to Duncan test (P<0.05).
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Fig. 2. The effect of different times (1, 2, and 3 h), temperatures (25, 45, and 65°C), and sample to the solvent ratio (1:10, 1:20, and 1:40) on radical-
scavenging activity percent (RSA%) of pistachio hulls extraction. The columns with common leters are not significantly different according to Duncan test
(P<0.05).
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Fig. 3. The effect of solvent on the extraction efficiency of total phenolics from pistachio hulls under optimal conditions (2 h extraction time, temperature
of 65 °C, and sample to solvent ratio of 1:10). The columns with common leters are not significantly different according to Duncan test (P<0.05).
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Fig. 4. The effect of solvent on radical-scavenging activity percent (RSA%) of pistachio hulls extraction under optimal conditions (2 h extraction time,
temperature of 65°C, and sample to solvent ratio of 1:10). The columns with common leters are not significantly different according to Duncan test
(P<0.05).
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Discussion

Phenolic compounds are a group of secondary
metabolites with antioxidant activity that are widely
used in the food industry. Extracting natural phenolic
compounds from agricultural products as well as
byproducts and using them instead of synthetic
compounds, has attracted scientists attention recently
(Fallahi et al., 2016).

In the first part of the current study, it was indicated
that total phenolic compounds reached the highest
amount of ~35 mg g™ at 2 h extraction time, 65 °C, and
the sample to solvent ratio of 1:10 (optimum phenolic
extraction condition by water).

Rajaei et al. (2010) studied the effect of liquid to
solid ratio (8-20 times), temperature (25-65°C), and
time (5-45 min) on total phenolic compounds of
pistachio green hull. They found that the optimal
conditions  for
through ME (Maceration

extraction of phenolic compounds
Extraction) and MAE
(Microwave-Assisted Extraction) methods were 20
(v/w), 65 °C, and 45 min. Their results in the case of
extracting temperature and time are somehow in
agreement with the current study (on ripped and mostly
red pistachio hull).

According to current work, Pinelo et al. (2005)
indicated that temperature and solvent to solid ratio have
a critical role in the extraction efficacy of phenolic
compounds and their corresponding antiradical activity
from grape byproducts. Their results showed that
temperature of 50°C (between 25 and 50°C) and solvent
to solid ratio of 1:1 (between 1:1 and 5:1) maximized
the antiradical activity of phenolic extracts.

In the second part of this study, organic solvents of
ethanol, methanol, and acetone 50% were recognized
more efficient than water in extracting total phenolic
compounds (with antioxidant property) from pistachio
hulls. However, the highest amount of total phenolics

(~47 mg g™) was extracted by ethanol.

367

Journal of Nuts 12(4) (2021) 361-370

Riciputi et al. (2018) also found that the optimum
phenolic extraction condition from industrial potato
byproducts was obtained with ethanol/water 55/45 (v/v)
and 1:10 sample to solvent ratio.

In agreement with these results, Pinelo et al. (2005)
indicated that the order of decreasing capacity to extract
phenolic compounds from grape byproducts was ethanol
> methanol > water, and ethanol was the most efficient
solvent.

Al-Farsi and Lee (2008) conducted a study for
optimizing phenolic extractions from date seed. They
evaluated the effect of solvent type (water, ethanol,
methanol, acetone, 50% ethanol, 50% methanol, 50%
acetone, butanol, and butanone) on the efficiency of
phenolic extraction. In disagreement with current
results, they found that acetone 50% and butanone were
the most efficient solvents for phenolics purification and
extraction.

Variety of results obtained from different studies
may be related to various conditions of the experiment,
plant species/cultivar, harvesting time, and other factors.

Finally, it can be concluded that different extraction
parameters as solvent types, time of extraction,
temperature, sample to solvent ratio, etc. have important
impacts on the content of phenolics and corresponding
antioxidant activity of pistachio hull extract.

According to the results obtained in this and other
studies (Ozbek et al., 2018), the pistachio hull as the
largest byproduct of the pistachio industry is a very rich
source of phenolic compounds with remarkable

antioxidant activity. In addition, the potential
demonstrated by the extracts can lead to the valorization
of a significant byproduct of pistachio processing which
is inadequately used today and may reduce the

environmental risks of these wastes.


https://www.researchgate.net/profile/Hatice-Oezbek-2?_sg%5B0%5D=A8swUirboVjwh531BkdCcUhu1EDhsJCRZi8dsVA0rFjNAH9sCQ-DJr6jxV1qCLTJo2Fbv2w.uNbahlAEyyscCGeMWYSkM8R8KD1P7C84V00bvfTEcszyeaYLHGjh3kahI7LbdpCCYjeBGNUEjflCUBhbuFlShg.MnwRya80sjUJSl57ug7ZVA3PxRaSIeHv_uGCU6-0pgaF201-RDNVPiqyqaMCtv5mXg0e6VrHc3LJJD0ArcDT-A&_sg%5B1%5D=y5UUET6e-1J21gCyy-bSrGTZpGedP8TUyUZODcRI6Vr_ilQTuyzhg0HoqhoHjxjegQkfit4.-is1RR5mwUf4Hw7RSLTbqmeAPghP0zL-gkT19oh3jK2MYD_Xi7Hrm4WQhjMm47yZ7LsQHIeNFLleBDlawpFROQ

N. Pakdaman et al

Acknowledgments

The authors are grateful to Pistachio Research
Center (PRC) for supporting this research.

Conflict of interest
The authors declare no conflict of interest.
References

Abrishami MH, Esmaeilpour A, Emami SY, Basirat M,
Tajabadipour A, Hosseinifard SJ, Haghdel M,
Hokmabadi H, ShakerArdekani A, Sedaghat R,
Sedaghati N, Alavi SH, Mohammadi AH,
Hashemirad H (2019) Iran's pistachio. Tehran,
Jamee-No Publication. [In Persian]

Al-Farsi MA, Lee CY (2008) Optimization of phenolics
and dietary fibre extraction from date seeds.
Food Chemistry.108(3), 977-985.

Ambigaipalan P, de Camargo AC, Shahidi F (2017)
Identification of phenolic antioxidants and
bioactives of pomegranate seeds following
juice extraction using HPLC-DAD-ESI-MS".
Food Chemistry. 221, 1883-1894.

Aminian A, Shakerardekani A (2009) Pistachio wastes
and their uses. Pistachio Research Center,
Rafsanjan. [In Persian]

Babaei L, Sharifani MM, Darvishzadeh R, Abbaspour
N, Henareh M (2021) Impact of drought stress
on photosynthetic response of some pear
species. International Journal of Horticultural
Science and Technology. 8(4), 353-69.

Bagheripour E, Rouzbehan Y, Alipour D (2008) Effects
of ensiling, air-drying and addition of
polyethylene glycol on in vitro gas production
of pistachio by-products. Animal Feed Science
and Technology. 146(3-4), 327-336.

Barreca D, Lagana G, Leuzzi U, Smeriglio A, Trombetta
D, Bellocco E (2016) Evaluation of the

nutraceutical, antioxidant and cytoprotective

368

Journal of Nuts 12(4) (2021) 361-370

properties of ripe pistachio (Pistacia vera L.,
variety Bronte) hulls. Food Chemistry. 196,
493-502.
Cheniany M, Ebrahimzadeh H, Vahdati K, Preece J,
M (2013)
Content of different groups of phenolic

Masoudinejad A, Mirmasoumi

compounds in microshoots of Juglans regia
cultivars and studies on antioxidant activity.
Acta Physiologia Plantarum. 35, 443-450.

Ersan S, Giclti Usttindag OZ, Carle R, Schweiggert RM
(2016) Identification of phenolic compounds in
red and green pistachio (Pistacia vera L.) hulls
(exo-and mesocarp) by HPLC-DAD-ESI-
(HR)-MS". Journal of Agricultural and Food
Chemistry. 64(26), 5334-5344.

Ersan S, Ustiindag OG, Carle R, Schweiggert RM
(2017) Determination of pistachio (Pistacia
vera L.) hull (exo-and mesocarp) phenolics by
HPLC-DAD-ESI/MS" UHPLC-DAD-
ELSD after ultrasound-assisted extraction.
Journal of Food Composition and Analysis. 62,
103-114.

Fallahi HR, Ghorbany M, Samadzadeh A, Aghhavani-
Shajari M, Asadian AH (2016) Influence of

arbuscular mycorrhizal inoculation and humic

and

acid application on growth and yield of Roselle
(Hibiscus sabdariffa L.) and its mycorrhizal
colonization index under deficit irrigation.
International Journal of Horticultural Science
and Technology. 3(2), 113-28.

Foroogh-Ameri N (1997) Determining the nutritional
value and digestibility of dried and siloed
pistachio hulls. MSc thesis, Isfahan University
of Technology, Isfahan. [In Persian]

Gam DH, Kim SY, Kim JW (2020) Optimization of
ultrasound-assisted extraction condition for
phenolic compounds, antioxidant activity, and



N. Pakdaman et al

epigallocatechin gallate in lipid-extracted
microalgae. Molecules. 25(3), 454.

Goli AH, Barzegar M, Sahari MA (2005) Antioxidant
activity and total phenolic compounds of
pistachio (Pistachia vera) hull extracts. Food
Chemistry. 92(3), 521-525.

Habibi A, Yazdani N, Koushesh Saba M, Vahdati K
(2021) Ascorbic acid preserved phenolic
compounds of cold stressed fresh walnut
kernels. Acta Horticulturae 1315, 665-668.

Habibie A, Yazdani N, Saba MK, Vahdati K (2019)
Ascorbic acid incorporated with walnut green
husk extract for preserving the postharvest
quality of cold storage fresh walnut kernels.
Scientia Horticulturae 245, 193-199.

Hokmabadi H (2018) Pistachio wastes in Iran and the
potential to recapture them in value chain.
Pistachio and Health Journal. 1(4), 1-12.

Hosseini N, Rezanejad F, Zamani Bahramabadi E
(2022) Effects of Soil Texture,

Intervals, and Cultivar on some Nut Qualities

Irrigation

and Different Types of Fruit Blankness in
Pistachio (Pistacia vera L.). International

Journal of Horticultural Science and
Technology. 9(1), 41-53.

Kabir F, Tow WW, Hamauzu Y, Katayama S, Tanaka S,

(2015)

cytoprotective activities of extracts prepared

Nakamura S Antioxidant and
from fruit and vegetable wastes and by-
products. Food Chemistry. 167, 358-362.

Khodadadi F, Tohidfar M, Mohayeji M, Dandekar AM,

Leslie CA, Kluepfel D, Butterfield T, Vahdati

K (2016) Induction of polyphenol oxidase in

walnut and its relationship to the pathogenic

response to bacterial blight. Journal of the

American Society for Horticultural Science.

141(2), 119-124.

Mabury SA (2020) Synthetic phenolic

antioxidants: A

Liu R

review of environmental

369

Journal of Nuts 12(4) (2021) 361-370

occurrence, fate, human exposure, and toxicity.
Environmental Science & Technology. 54(19),
11706-11719.

Mokhtarpour A, Naserian AA, Valizadeh R, Mesgaran
MD (2014) Extraction of phenolic compounds
and tannins from pistachio by-products.
Annual Research & Review in Biology. 4(8),
1330-1338.

Mokrani A, Madani, K (2016) Effect of solvent, time
and temperature on the extraction of phenolic
compounds and antioxidant capacity of peach
(Prunus persica L.) fruit. Separation and
Purification Technology. 162, 68-76.

Mortazavi SH, Azadmard-Damirchi S, Mahmudi R,

M, Mahmoudi R (2015) Chemical

composition and antioxidant properties of hull

Sowti

and core of Pistacia khinjuk stocks. Iranian
Food Science and Technology Research
Journal. 11(4), 408-419.

F, ZamaniBahramabadi E, Mirdehghan SH,
Yousefi M (2022) Preharvest Application of

Nazoori

Sulfur as Pesticide on Fresh Hull and Kernel of
Pistachio (Pistacia vera L.). International

Journal of Horticultural ~ Science and
Technology. 9(1), 117-29.

Norozi M, ValizadehKaji B, Karimi R, Nikoogoftar
Sedghi M (2019) Effects of foliar application
of potassium and zinc on pistachio (Pistacia
vera L.) fruit yield. International Journal of
Horticultural Science and Technology. 6(1),
113-23.

Ozbek HN, Halahlih F, Gogiis F, Yanik DK, Azaizeh H
(2018) Pistachio (Pistacia vera L.) hull as a
potential source of phenolic compounds:

Evaluation of ethanol-water binary solvent

extraction on antioxidant activity and phenolic

content of pistachio hull extracts. Waste and

Biomass Valorization. doi: 10.1007/s12649-

018-0512-6


https://www.researchgate.net/profile/Hatice-Oezbek-2?_sg%5B0%5D=A8swUirboVjwh531BkdCcUhu1EDhsJCRZi8dsVA0rFjNAH9sCQ-DJr6jxV1qCLTJo2Fbv2w.uNbahlAEyyscCGeMWYSkM8R8KD1P7C84V00bvfTEcszyeaYLHGjh3kahI7LbdpCCYjeBGNUEjflCUBhbuFlShg.MnwRya80sjUJSl57ug7ZVA3PxRaSIeHv_uGCU6-0pgaF201-RDNVPiqyqaMCtv5mXg0e6VrHc3LJJD0ArcDT-A&_sg%5B1%5D=y5UUET6e-1J21gCyy-bSrGTZpGedP8TUyUZODcRI6Vr_ilQTuyzhg0HoqhoHjxjegQkfit4.-is1RR5mwUf4Hw7RSLTbqmeAPghP0zL-gkT19oh3jK2MYD_Xi7Hrm4WQhjMm47yZ7LsQHIeNFLleBDlawpFROQ

N. Pakdaman et al

Pinelo M, Rubilar M, Jerez M, Sineiro J, Nufiez MJ
(2005) Effect of solvent, temperature, and
solvent-to-solid ratio on the total phenolic
content and antiradical activity of extracts from
different components of grape pomace. Journal
of Agricultural and Food Chemistry. 53(6),
2111-2117.

Rajaei A, Barzegar, M, Hamidi, Z, Sahari M (2010)
Optimization of extraction conditions of
phenolic compounds from pistachio (Pistachia
vera) green hull through response surface
method. Journal of Agricultural Science and
Technology. 12, 605-615.

Riciputi Y, Diaz-de-Cerio E, Akyol H, Capanoglu E,
Cerretani L, Caboni MF, Verardo V (2018)
Establishment of ultrasound-assisted extraction
of phenolic compounds from industrial potato
by-products using surface

methodology. Food Chemistry. 269, 258-263.

A, Molaei M (2020) Post-harvest

pistachio waste: Methods of its reduction and

response

Shakerardekani

conversion. Pistachio and Health Journal. 3(2),

40-51.

Shamshiri MH, Hasani MR (2015) Synergistic
accumulative effects between exogenous
salicylic acid and arbuscular mycorrhizal

fungus in pistachio (Pistacia vera cv. Abareqi)
seedlings under drought stress. International
Science and

Journal of Horticultural

Technology. 2(2), 151-160.

370

Journal of Nuts 12(4) (2021) 361-370

Sharifkhah M, Bakhshi D, Pourghayoumi M, Abdi S,
Hokmabadi H (2020) Effect of pollination time
on yield and antioxidant properties of some
pistachio cultivars. International Journal of
Horticultural Science and Technology. 7(1),
51-8.

Taghvaei M, Jafari SM (2015) Application and stability
of natural antioxidants in edible oils in order to
substitute synthetic additives. Journal of Food
Science and Technology. 52(3), 1272-1282.

Wang W, Xiong P, Zhang H, Zhu Q, Liao C, Jiang G

(2021) Analysis, occurrence, toxicity and
environmental health risks of synthetic
phenolic antioxidants: A review.

Environmental Research. 201, 111531.
Yoo KM, Lee KW, Park JB, Lee HJ, Hwang IK (2004)
Variation in major antioxidants and total
antioxidant activity of Yuzu (Citrus junos Sieb
ex Tanaka) during maturation and between
cultivars. Journal of Agricultural and Food

Chemistry. 52(19), 5907-5913.


https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Mar%C3%ADa+Jos%C3%A9++N%C3%BA%C3%B1ez

