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Abstract

Edible nuts have an increasing role in human diet. Pistachio is a popular but less known kind of edible nut nevertheless it is rich in
health benefiting nutrients, minerals, antioxidants and vitamins. Therefore, this study attempts to determine the antioxidants capacity,
total phenolics and amount of some major elements (nitrogen, potassium, calcium and phosphorus), present in the most important
Iranian pistachio nut, to enhance the health benefits, and use in breeding programs. For this reason eleven pistachio cultivars (Akbary,
‘Ahmad Aghaii, ‘Daneshmandi, ‘Kalle Ghoochi 1, Kalle Ghoochi 2; ‘Garmeh] ‘Ohadi 1, ‘Ohadi 2 ‘Sefid, ‘Momtaz, and chance
seedling tree (“None-grafted”) as control) which are grown in commercial orchards of Fayzabad (Khorasan-c-Razavi) were analyzed for
determination of some major elements, antioxidants capacity and total phenolics contents. The resules showed that the amounts of the
nutrients in 100 g kernel were within the following ranges: N 2.5-4.1 g, P 355.9-546.6 mg, K 573.6-994.9 mg and Ca 61.5-134.5 mg. Total
phenolics content varied from 5.3-9.9 mg gallic acid equivalents in g fresh weight. The results also showed that the capacity of antioxidant
ranged from 1.6-3.7 (mg ascorbic acid equivalents in g fresh weight). Weak correlation was observed between total phenolic content and
total antioxidant capacity (r*=0.3824). The result demonstrates that there is adequate variation in major elements, antioxidants capacity
and total phenolics contents within pistachio cultivars and hence there is potential for improvement towards enhancing these health-

promoting photochemical in this nuts.
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Introduction

Asaresult of environment pollution there is now an in-
creasing risk of disturbance to the prooxidant-antioxidant
balance in the human body (Sies, 1991). Among the pro-
tective mechanisms against free radicals, antioxidant vita-
mins; vitamin C, vitamin E and p-carotene are of special
interest (Sies, 1991). Nut Fruits are beneficial to human
health and contribute to the prevention of degenerative
processes. Studies related to human diet shows that the
nuts such as hazelnut (Durak ez 4/, 1999), walnut (Lave-
drine et al., 1999; Tapsell ez al., 2004) and pistachio nuts
(Edwards ez al., 1999; Kocyigit et al., 2006) are beneficial
for the amelioration of blood plasma antioxidant potential
and lipid profiles.

Pistachio ‘Pistacia vera’ is one of the most important
nut commodities as an economic plant with good agri-
cultural characteristics. Besides vitamins and carotenoids,
pistachio nuts contain several important phytonutrients
such as flavonoids and phenolic acids which have strong
antioxidant capacities. The pistachio is becoming increas-
ingly popular nut and is a significant source of nutritional
antioxidants, such as: polyphenols, anthocyanins as well as
biologically active dietary components.
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Chemical composition of pistachio nuts may vary de-
pending upon cultivar, rootstock and maturity at harvest
and moisture content. The composition of pistachio ker-
nels of various Iranian cultivars was studied by Kamangar
and Farsam (1997). According to their results, the amount
of constituent in 100 g kernel were within the following
ranges, oil 55.2-60.5%, protein 15.0-21.2%, carbohydrate
14.9-17.7%, Na 4.0 mg, K 1048-1142 mg, Ca 120-150
mg, P 494-514.5 mg, Fe 5.8-11.4 mg, Cu 1.0-1.4 mg, Mg
157.5-165.0 mg (Kamangar and Farsam, 1997). Bellomo
and Fallico (2007) showed that these foods are good
sources of antioxidant and phenolic compounds. Goli ez
al. (2005) compared two different extraction methods to
measure the phenolic compound and antioxidants activ-
ity of pistachio (solvent and ultrasound-assisted methods)
with three different solvents (water, methanol and ethyl
acetate) and the results were compared with supercritical
fluid extraction.

The diversity of phytochemicals within pistachio cul-
tivars has not been investigated in detail, and studies re-
lated to antioxidant activity of these important cultivars
are scarce, primarily because most breeding programs
aim at improving yield, altering season and resistance to
biotic and abiotic factors. Hence, in this study, we aimed
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to evaluation several Iranian pistachio cultivars for major
elements, total phenolic content and the antioxidant activ-
ity so that superior cultivars could be identified and used
for further improvement. The results of this work will help
better understanding of the antioxidant activity of differ-
ent pistachio cultivars.

Materials and methods

Plant materials

Nut samples from 15 years old pistachio trees grown at
the commercial orchards of Fayzabad (Khorasan-e-Raza-
vi, Iran) were collected at the phenophase of commercial
maturity from the following cultivars: ‘Akbary, ‘Ahmad
Aghaii}, ‘Daneshmandi, ‘Kalle Ghoochi 1; ‘Kalle Ghoochi
2}, ‘Garmeh] ‘Ohadi 1, ‘Ohadi 2; ‘Sefid, ‘Momtaz, and
chance seedling tree as ‘None-grafted’ The chance seedling
tree (‘None-grafted’) served as a control. Composite sam-
ples containing approximately 60 nuts. Harvesting of sam-
ples take place September through October, over 3 week as
the commercial maturity of cultivars was different.

All eleven cultivars used in this study were grown in
the same location under similar horticultural managment.
The average yearly precipitation in Fayzabad is about 200
mm, so the orchard was irrigated every 24 days. The culti-
vars grafted on ‘Sefid’ seedling and were planted in 3x6 m
layout. The soil in this area is classified as loam with a pH
of 8.2 and contained 5.6 and 5.2 mg/100 gsoil of plant
available P and K, respectively. The weeds were treated
with herbicides. The orchard was sprayed 4 times against
pistachio psylla (Agonoscena pistaciae): 1) just before an-
thesis, 2) first week of May, 3) third week of June and 4)
third week of July with amitraz at 0.2%, volk 1% was used
as a wetting agent.

Nuts from different cultivars with shells were sun dried
and stored until they were used for analysis. The shells and
kernels were removed manually, just before extraction.

Total phenolic and antioxidant capacity measurement

Pistachio kernels were grounded. About 1.7-2 g seed
powder was macerated in 10 ml of 20% ethanol solution
for 48 h, at the room temperature, then the combined ex-
tract was centrifuged at 13,000 ¢ for 10 min. Clear super-
natant was used for analyses.

Total soluble phenols were determined using Folin-
Ciocalteu reagent according to the method of Singleton
and Rossi (1965). The content of soluble phenols was
calculated from a standard curve obtained with different
concentrations of Gallic Acid (GA).

Antioxidant power (mg ascorbic acid/g fresh weight)
was measured by the FRAP (Ferric Reducing Ability of
Plasma) method (Benzie and Strain, 1996). The method
is based on the capability of antioxidants to reduce the Fe
(III) ions to Fe (II) ions in a complex compound (Fe (I1I)-
tri-pyridyl triazine). The produced Fe (II) compound is
blue colored and its absorbance was measured at 593 nm
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Determination of major elements

Sample preparing was in accordance with Hungarian
standard (MSZ-08-1783-15) in the Institute of Environ-
mental Sciences, Faculty of Natural Resources Manage-
ment and Rural Development, Hungary. Kernels were di-
gestion with concentrate HNO,-H,O, digester mixture.
S g was digested at 120°C during three hours in a teflon
digestor. Digested samples diluted with distilled water to
100 cm™. Examined elements, except N were measured by
Thermo Jarrell Ash Polyscan 61E and Thermo Electron
Corporation IRIS Intrepid II XDL Inductively coupled
plasma emission spectrophotometers (ICP). N content
of kernels was determined by Kjeldahl method with a
TECATOR 2200 automatic distilator and titrator. From
N content of kernel protein was calculated by using the
factor of Nx6.25.

Statistical analysis

Data of measurements were recorded and means were
compared statistically by LSD test and were plotted using
MS Excel 2007.

Results and discussion

Nitrogen

Pistachio nuts classified as the foodstuffs that contain
the high level of essential main minerals and trace ele-
ments. In the available literature data about the content
of nitrogen in pistachio cultivars is scant. Kamangar and
Farsam (1997) showed that in the mature nut, arginine
is a dominant amino acid and the edible kernel is rich in
protein.

Nitrogen content of pistachio cultivars is presented
in Fig. 1. The nitrogen content varied from 2.58 to 4.12
(g/100 gdry weight) in ‘Ahmad Aghaii’ and ‘Kallehghuchi
2’ cultivars, respectively. The results showed significantly
higher concentrations of nitrogen were observed in the
‘Kallehghuchi 1’, ‘Kallehghuchi 2} than in ‘Ahmed Aghaii,
‘Non-grafted’ Therefore, cultivar had significant effect on
kernel nitrogen content.
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Fig. 1. Nitrogen content (mg/kg dry weight) of Iranian pista-
chio cultivars
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Phosphorus

Phosphorus is an essential macro-element for plants
growth and development required by every cell in the
plant tissue. A number of enzymes, hormones and cell-
signaling molecules depend on phosphorylation for their
activation (Knochel ez /., 2006).

Phosphorus content of pistachio cultivars is presented
in Fig. 2. ‘Kallehghuchi 2’ ‘Momtaz’ and ‘Ohadi 2’ culti-
vars contained significantly higher phosphorus in kernels
than other examined cultivars. The lowest concentration
was found at ‘Daneshmandi, ‘Non-grafted; ‘Kallehghuchi
1’ and ‘Sefid.

Phosphorus in the examined pistachio cultivars had
values in the range of 355.96-546.66 (mg/100 g dry
weights), which are higher than the values for this element
in banana (26 mg/100 g), pincapple (8 mg/100 g) and
strawberries (21 mg/100 g). Therefore Pistachio seems
to be an excellent phosphorus source in human nutri-
tion. Our results confirm earlier findings that pistachios
are rich in phosphorus, which helps the body break down
meat and other proteins into amino acids. Phosphorus is
necessary for hormone production and to help the body
use B vitamins.

Low phosphorus can cause glucose intolerance and ab-
normally low serum phosphate level (hypophosphatemia).
The effects of hypophosphatemia may include loss of appe-
tite, anemia, muscle weakness, bone pain, rickets (in chil-
dren), osteomalacia (in adults), increased susceptibility to
infection (Knochel ez 4/., 2006), numbness and tingling of
the extremities and difficulty walking. Severe hypophos-
phatemia may result in death. Because phosphorus is so
widespread in food, dietary phosphorus deficiency is usu-
ally seen only in cases of near—total starvation (Knochel ez
al.,2006).

Regarding this, eating pistachios may help reduce the
risk of developing adult-onset diabetes and above men-
tioned health problems. However, phosphorus from
nuts, seeds and grains is about 50% less bioavailable than
phosphorus from other sources because we lack enzymes
(phytases) that liberate phosphorus from phytate (FNB,
1997 a).

P content (mg/kg dry weight)

Pistachio cultivars

Fig. 2. Phosphorus content (mg/kg dry weight) of Iranian pis-
tachio cultivars

Potassium

Potassium is the most abundant mineral available in
fruits. This element is mainly in combination with the
various organic acids. Adequate intake of potassium for
adults is 4700 (mg day”). Potassium is an essential element
for nutrition. It is a cofactor for the activity of pyruvate
kinase, an important enzyme in carbohydrate metabolism
(Sheng, 2000).

The results of this experiment showed that the average
potassium content of examined cultivars is 800 mg/100 g
dry weight approximately. Significant differences in potas-
sium content of kernel were observed. The highest amount
of potassium belongs to ‘Ohadi’ by 994.96 (mg/100 g dry
weight) and the lowest amount belongs to ‘Akbary” with
573.66 (mg/100 g dry weight) (Fig. 3).

Consequently, recommended an increasing potassium
intake by increasing consumption of potassium-rich foods,
especially fruits, vegetables and nuts. Our results pointed
out that consumption of pistachio has main role in pre-
vention of disease.

Calcium

Calcium has great function in human body as struc-
tural element, affected cell signaling and cofactor for en-
zymes and proteins. Calcium plays a role in mediating the
constriction and relaxation of blood vessels (vasoconstruc-
tion and vasodilation), nerve impulse transmission, mus-
cle contraction and the secretion of hormones like insulin
(FNB, 1997 b).

The results of this experiment showed that the maxi-
mum calcium levels in the nut of examined pistachio culti-
vars were about 134.53 (mg/100 g dry weight) in ‘Danesh-
mandi’ and minimum level in ‘Momtaz’ (61.53 mg/100
g dry weight) (Fig. 4). According to our results, pistachio
nuts represent rich and absorbable sources of calcium, also
certain vegetables and grains provide calcium. However,
the bioavailability of the calcium must be taken into con-
sideration. While the calcium rich plants in the kale family
(broccoli, bokchoy, cabbage, mustard and turnip greens)
contain calcium that is as bioavailable as that in milk and
some food components have been found to inhibit the ab-
sorption of calcium and are comparable to values for guava
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Fig. 3. Potassium content (mg/kg dry weight) of Iranian pista-
chio cultivars
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Fig. 4. Calcium content (mg/kg dry weight) of Iranian pistachio
cultivars
(23 mg/100 g) and raspberries (26 mg/100 g). Zizyphus
mauritiana contains the highest level of calcium and mag-
nesium with values for the latter element in fruit ranging
between 16.7-227 mg/100 g (Weaver ez al., 1999).

Though some fruits, such as apricots, pears, peaches,
plums and strawberries, contain oxalic acid. The concen-
tration of this acid is not sufficient to reduce the absorp-
tion of calcium from the fruit or from other foods eaten
together with the fruit. Our results pointed out that Pista-
chio regards as an excellent calcium source for human diet.
Its role is more expressed in vegetarian diet.

Adequate Intake of calcium for adults is 1000 mg. day
!. The combination diet represented an increase of about
800 mg of calcium in day over the control and fruit/veg-
etable rich diets for a total of about 1200 mg of calcium
in day.

Total phenolics

Fig. 5 shows the total phenol content of pistachio cul-
tivars. The highest phenolic content was found in ‘Non-
grafted’ pistachio nut extracts with 9.96 (mg/g fresh
weight), while ‘Akbary’ had the lowest (5.39 mg/g fresh
weight) of total phenol content among the examined
cultivars. ‘Non-grafted’ pistachio nut proved the most
remarkably rich phenol content which significantly more
than commercial cultivars such as ‘Akbary, ‘Momtaz, ‘Se-

fid’ and ‘Daneshmandi’ (Fig. 5).
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Fig. 5. Total phenolics content (mg/g fresh weight) of Iranian

pistachio cultivars
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Antioxidant capacity
In our experiments, the total antioxidant capacity of
cultivars ranged from 1.60 (mg/g fresh weight) to 3.70
(mg/g fresh weight) in ‘Akbary’ and ‘Non-grafted’ culti-
vars, respectively (Fig. 6).

4.000

3.500 -

3.000 -

g 2.500 -

< 2.000
1.500 -

1.000 -

Antioxidant capacity (mg/g fresh

Pistachio cultivars

Fig. 6. Antioxidant capacity (mg/g fresh weight) of Iranian pis-
tachio cultivars

Kallithraka e# /. (2005) determined the antioxidant
activity of the ‘Akbary’ cultivar as 705.9 mg/kg and was
lower than our finding. Goli ez al. (2005) obtained the
antioxidant activity of ‘Akbary’ as 189 mg/100 g which
approximately were the same as our findings. The differ-
ent production area of pistachio cultivars, maturity stage,
and different methods of extraction may cause these dif-
ferences.

Analysis correlation

According to the results, the antioxidant capac-
ity was correlated to a lower degree with phenol content
(r*=0.38) in pistachio cultivars (Fig. 7). Arcan and Ye-
menicioglu (2009) found a close correlation between
antioxidant capacity and total phenols (r=0.70), in nuts
(walnut, hazelnut and pistachio). Other researchers found
higher correlations of antioxidant activity and total phe-
nols in tomato lines (r*>0.90) (Hanson ez 4l., 2004), olive
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Fig. 7. Correlation between antioxidant activity and phenolic
content of all investigated pistachio cultivars
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oil samples (r*=0.86) (Sanchez ez 4l., 2007), plums (Chun
and Kim, 2004; Kim ez 4/, 2003 a). In our study results
indicate that antioxidants capacity is less closely correlated
with the phenolic content in examined pistachio cultivars,
although this can be the result of different extraction and
analysis methods.

Conclusion

The bioactive compounds and antioxidant capacity are
important quality parameters of pistachio, due to the im-
portance of these nutrition values to humans. These com-
ponents in pistachio vary greatly with the cultivars, matu-
rity, production area, seasonal conditions and yield of the
nuts. Therefore, we attempt to determine the amount of
some major elements (nitrogen, potassium, calcium and
phosphorus), total phenolics and antioxidants capacity
present in the most important Iranian pistachio nut fruits,
to use in breeding programs to enhance the health ben-
efits. The results represent that nitrogen, phosphorus, po-
tassium, calcium, total phenolics content and antioxidant
capacity of examined pistachio cultivars which are rich
sources of different essential elements and their consump-
tion in human dietary is beneficial to human health and
can provide necessary dose of elements needed by body.
According to this results pistachio kernels regarded as ex-
cellent rich food for human diet. Relationship between
antioxidant capacity and phenolic content of pistachio
cultivars gave a result to explain that the antioxidant activ-
ity of pistachio cultivars (n=13) have a relation with the
phenol content.
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