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In this study, in order to introduce natural antioxidative vegetable oil in food industry,
the kolkhoung hull oil and kernel oil were extracted. To evaluate their antioxidant effi-
ciency, gas chromatography analysis of the composition of kolkhoung hull and kernel oil
fatty acids and high—performance liquid chromatography analysis of tocopherols were
done. Also, the oxidative stability of the oil was considered based on the peroxide value
and anisidine value during heating at 100, 110 and 120 °C. Gas chromatography analysis
showed that oleic acid was the major fatty acid of both types of oil (hull and kernel) and
based on a low content of saturated fatty acids, high content of monounsaturated fatty ac-
ids, and the ratio of w-6 and w-3 polyunsaturated fatty acids, they were nutritionally well-
-balanced. Moreover, both hull and kernel oil showed high oxidative stability during heat-
ing, which can be attributed to high content of tocotrienols. Based on the results, kolkhoung
hull oil acted slightly better than its kernel oil. However, both of them can be added to oxi-
dation-sensitive oils to improve their shelf life.
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Introduction

Oxidation rancidity is one of the most critical factors
affecting the shelf life of processed foods. Polyunsaturat-
ed fatty acids are attacked by oxygen to form hydroperox-
ides, which then decompose further to cause off-flavour
and produce many secondary products such as epoxy
hydroperoxides, ketohydroperoxides, dihydroperoxides,
cyclic peroxides and bicyclic endoperoxides, which in
turn break up to form volatile compounds. The off-fla-

vour compounds make oil less acceptable, or even unac-
ceptable, to consumers as a food ingredient (1). Oxidation
of oil also destroys essential fatty acids and produces tox-
ic compounds and oxidized polymers (2). Indeed, oxida-
tive stability of oil is the resistance to oxidation during
processing and storage. Resistance to oxidation as an im-
portant indicator to determine oil shelf life and its quality
can be expressed as the period of time necessary to reach
the critical point of oxidation, whether it is a sensorial
change or a sudden acceleration of the oxidative process.
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Therefore, oxidation of edible oil is very important in
terms of palatability, nutritional quality and safety (3).
Antioxidants are of interest to the food industry because
of their organoleptic preservation properties and inhibi-
tion of rancidity. In a conventional way, some synthetic
antioxidants such as butylated hydroxyanisole (BHA),
butylated hydroxytoluene (BHT) and tert—butylhydroqui-
none (TBHQ) are used to prevent oxidative rancidity of
oils and fats. However, several papers reported the ad-
verse effects of these synthetic antioxidants such as liver
damage and carnicogenesis. As a consequence, natural
antioxidants in fruits and vegetables have become inter-
esting among consumers and the scientific community,
who are trying to identify safe sources of dietary antioxi-
dants (4,5).

The genus Pistacia belongs to the Anacardiaceae, a
cosmopolitan family which comprises about 70 genera
and over 600 species. Three Pistacia species which natu-
rally grow in Iran are P. vera L., P. khinjuk Stocks and P. at-
lantica Desf. The species Pistacia atlantica and P. khinjuk are
called bene and kolkhoung, respectively, in Persian lan-
guage (6). Different parts of P. khinjuk have been investi-
gated for various pharmacological activities such as anti-
diabetic, antitumour and anticholinesterase activities and
beneficial effects on liver and lowering HDL and LDL lev-
els (7). In traditional Iranian medicine, P. khinjuk is used
as helpful remedy for different disorders including stom-
ach discomfort, vomiting, nausea and motion sickness (8).
Moreover, different studies assert the antimicrobial and
antifungal activities of P. khinjuk due to some active con-
stituents of essential oil including a—pinene, p—pinene,
myrcene, a—terpineol, f—caryophyllene, masticadienonic
acid, masticadienolic acid, morolic acid, germacrene B,
and spathulenol (9). Since synthetic antioxidants may
have adverse effects on human health, while P. khinjuk oil
has shown some medicinal properties, the purpose of this
study is to introduce the P. khinjuk oil (hull and kernel)
and compare their chemical composition, natural antioxi-
dant content and oxidation stability during heating at
100, 110 and 120 °C. Peroxide value was used to determine
the concentration of hydroperoxides formed in the initial
stage of lipid oxidation, and anisidine value to determine
the secondary oxidation products.

Materials and Methods

Materials

Kolkhoung (Pistacia khinjuk) fruit samples were gath-
ered from the forest areas of Meimand and Marvdasht,
Iran, and stored at —18 °C until the beginning of experi-
ments. All chemicals and solvents used in this study were
of analytical reagent grade and purchased from Merck
(Darmstadt, Germany) and Sigma-Aldrich (St. Louis,
MO, USA) chemical companies.

Oil extraction

After drying at 40 °C in the shade, the hull and the
kernel of the P. khinjuk were separated from each other.
The hulls and kernels were ground to powder in a grind-
er. The powders were extracted with n-hexane (1:4 mass
per volume) by agitation in a dark place at ambient tem-

perature for 48 h. The solvent was evaporated to dryness
in vacuum at 40 °C (10).

Chemical composition

Fatty acid composition of the P. khinjuk hull oil and
kernel oil was determined by gas-liquid chromatography
and was reported as relative area percentages. Fatty acid
compositions of the hull oil and kernel oil were trans-
esterified into their corresponding fatty acid methyl esters
(FAME) by vigorous shaking of a solution of oil in n-hex-
ane (0.3 g in 7 mL) with 2 mL of 7 M methanolic potassi-
um hydroxide at 50-55 °C for 10 min. After shaking, the
solution was allowed to settle for 5 min. The upper layer
was collected for gas chromatography (GC) analysis after
mixing with anhydrous natrium sulphate and filtering.
The FAME were identified using an HP-5890 chromato-
graph (Hewlett-Packard, Ramsey, MN, USA) equipped
with a CP-SIL 88 (Supelco, Bellefonte, PA, USA) capillary
column of fused silica, 60 mx0.32 mm i.d., 0.2 mm film
thickness, and a flame ionization detector (FID). Helium
was used as carrier gas with a flow rate of 1 mL/min. The
oven temperature was maintained at 198 °C, and that of
the injector and the detector at 250 °C (11). The calculated
oxidizability (Cox) value of P. khinjuk hull oil and kernel
oil was calculated by the percentage of unsaturated C18
fatty acids, applying the formula proposed by Fatemi and
Hammond (12):

Cox=[1(18:1 %)+10.3(18:2 %)+21.6(18:3 %)]/100  /1/

HPLC analysis of tocopherols

The content of tocopherols in the hull oil and kernel
oil from P. khinjuk was determined using a high—perfor-
mance liquid chromatograph (Waters, Alliance system,
Milford, CT, USA) with a Spherisorb column (25 cmx4
mm i.d., Waters) packed with silica (5 pum particle size)
and a fluorescence detector operating at an excitation
wavelength of 290 nm and an emission wavelength of 330
nm (13). The mobile phase was hexane/isopropanol, in
the ratio of 98.5:0.5, by volume, at a flow rate of 1 mL/min.
The tocopherols in the test samples were verified by com-
parison of their retention times with those of reference
standards (IS09936) (13).

Oil oxidation

Hull oil and kernel oil from P. khinjuk (5 g) were
stored separately in a 1-mm layer in a Petri dish with a
diameter of 9 cm at 100, 110 and 120 °C. Progress of oxi-
dation was monitored by the determination of peroxide
value and anisidine value during 36 days.

Peroxide value

The peroxide value (PV) of hull oil and kernel oil
from P. khinjuk was measured spectrophotometrically at
500 nm by UV-VIS spectrophotometer (model 160A, Shi-
madzu, Tokyo, Japan). The oil samples were mixed with
9.8 mL of chloroform/methanol (7:3 by volume) on a vor-
tex mixer for 2-4 s. Ammonium thiocyanate solution (50
mL, 30 % mass per volume) and 50 mL of iron(II) chloride
solution [(0.4 g of barium chloride dihydrate dissolved in
50 mL of H,0)+(0.5 g FeSO,-7H,O dissolved in 50 mL of
H,0)+2 mL of 10 M HC], with the precipitate, barium sul-
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phate, filtered off to produce a clear solution] were added,
respectively, and after adding each of them, the sample
was mixed on a vortex mixer for 2—4 s. Then, the absor-
bance of the sample was read after 5 min of incubation at
room temperature. Results were expressed in milliequiva-
lents of oxygen (meq O,) per kilogram of oil (14).

Anisidine value

The anisidine value (AV) was determined by reading
the absorbance (at 350 nm) of a solution resulting from
reaction of 0.500 to (4+0.001) g of hull or kernel oil from P.
khinjuk in 25 mL of isooctane and treated with 1 mL of p-
-anisidine reagent (15).

Statistical analysis

All determinations were carried out in triplicate, and
data were subjected to analysis of variance (ANOVA).
ANOVA analyses were performed using SAS software
University Edition (SAS Institute Inc., Cary, NC, USA).
Significant differences between mean values were deter-
mined by Duncan’s multiple range tests; p—values less
than 0.05 were considered statistically significant.

Results and Discussion

Chemical characteristics of kolkhoung hull oil and
kernel oil

Chemical characteristics of the hull oil and kernel oil
from kolkhoung used in this study are shown in Table 1.
The fatty acid composition of the oil is an important de-
termination of its oxidation stability and nutritive value.

Table 1. Chemical characteristics of kolkhoung hull oil and ker-
nel oil

w/%
Fatty acid
Hull oil Kernel oil

C12:0 - 0.22
C14:0 0.65 0.20
C16:0 19.44 16.11
C18:0 0.42 -
C18:1 63.55 61.11
C18:2 13.57 20.09
C18:3 1.50 1.14
C20:0 - 0.18
C22:0 0.87 0.94
Others 0.00 0.00
SFA 21.38 17.66
MUFA 63.55 61.11
PUFA 15.07 21.23
PUFA/SFA 0.70 1.20
MUFA/PUFA 4.22 2.88
USFA/SFA 3.68 4.66
C18:2 /C18:3 9.06 17.67
Cox value 2.36 2.93

Also, the analysis of the oil composition helps to assess its
purity. The hull oil mainly contained oleic, palmitic, lin-
oleic, linolenic, behenic, myristic and stearic acids. Among
its fatty acids, the highest percentage of the saturated,
monounsaturated and polyunsaturated fatty acids (SFA,
MUFA and PUFA) was of palmitic acid (19.44 %), oleic
acid (63.55 %) and linoleic acid (13.57 %), respectively.
The kolkhoung kernel oil mostly included oleic (61.11 %),
linoleic (20.09 %), palmitic (16.11 %), linolenic (1.14 %),
behenic (0.94 %), lauric (0.22 %), myristic (0.20 %) and ar-
achidic (0.18 %) acids. The highest percentage of SFA,
MUFA and PUFA in kernel oil was of palmitic, oleic and
linoleic acids (Table 1). Indeed, oleic acid was the domi-
nant fatty acid in both kolkhoung hull oil and kernel oil.
The fatty acid composition of the hull oil and kernel oil
from P. khinjuk determined in this study was in accor-
dance with the data reported in the literature (16). The
PUFA/SFA ratio of kernel oil (1.20) was higher than of
hull oil (0.70), which shows higher nutritive value of P.
khinjuk kernel oil in comparison with hull oil. On the oth-
er hand, the MUFA/PUFA ratio of kernel oil (2.88) was
lower than of hull oil (4.22). This ratio is a measure of oil
tendency to oxidation. Higher ratio of the acids shows
better oxidative stability of oil, especially during frying.
So, the kolkhoung hull oil performs better than its kernel
oil during frying. Moreover, P. khinjuk oils are edible veg-
etable oil types that are nutritionally well-balanced, based
on a low content of SFA, a high content of MUFA, and a
ratio of w-6 and w-3 PUFA. High amounts of unsaturated
fatty acids, especially oleic and linoleic acids, make P. kh-
injuk oil (hull and kernel) important functional food. Also,
Cox value of hull oil and kernel oil is 2.3 and 2.9, respec-
tively, which indicates greater tendency of kernel oil to-
wards autoxidation in comparison with hull oil. Tavakoli
and Haddad Khodaparast (16) also evaluated the fatty
acid composition of three Pistacia species growing in Iran
including Pistacia vera, Pistacia atlantica and Pistacia khin-
juk. The results show that the major fatty acid components
characterized in the these oil types were oleic (52.03-
52.12 %), palmitic (22.55-23.40 %), palmitoleic (7.74-14.05
%), linoleic (5.35-12.02 %), stearic (2.39-3.00 %) and lino-
lenic (1.16-1.50 %) acids, but negligible amounts of mar-
garic (0.05-0.40 %), margaroleic (0.20-0.24 %) and gad-
oleic (0.25-0.76 %) acids.

Composition of tocols in kolkhoung hull and kernel oil

Tocols (tocopherol and tocotrienol) constitute a series
of related benzopyranols that occur in plant tissues and
vegetable oil and are powerful lipid—soluble antioxidants
that act as vitamins and antioxidant agents. These com-
pounds are only synthesized by plants and other oxygen-
ic photosynthetic organisms, but they are essential com-
ponents of the diet of animals. Tocopherols are present in
all photosynthetic organisms, but tocotrienols are found
only in certain plant families. Total tocol content of kolk-
houng hull oil (2159.1 mg/kg) was slightly higher than of
its kernel oil (2036.6 mg/kg) (Table 2). Kolkhoung is con-
sidered a valuable source of tocols because their content
reported in this oil is much higher than that of common
oil such as sunflower, cottonseed, soybean, canola and
palm oil. There was also a significant difference in the
kolkhoung tocol composition in comparison with other
vegetable oils. Kolkhoung hull oil and kernel oil contain a
high level of tocotrienols, which are structural analogues
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Table 2. Tocopherol composition of kolkhoung hull oil and seed
oil

w/(mg/kg)
Compound
Hull oil Kernel oil

a-Tocopherol 41.0 36.2
{3-Tocopherol 60.8 58.3
y-Tocopherol 4.4 3.1
d-Tocopherol 58.9 53.4
a-Tocotrienol 1112.6 1088.8
{3-Tocotrienol 881.4 796.8
Total 2159.1 2036.6

of tocopherols and are present in greater amounts in kolk-
houng hull (1112.6 and 881.4 mg/kg of a—tocotrienol and
—tocotrienol, respectively) and kernel oil (a—tocotrienol
1088.8 mg/kg and B-tocotrienol 881.4 mg/kg) than other
vegetable oils including palm, soya bean, corn, sunflower
and rapeseed oil. Tocotrienols are known to possess a
higher antioxidant activity than tocopherols and they
may have benefits in protecting the skin against free radi-
cal peroxidation as well as cardioprotective, neuroprotec-
tive and anticancer properties. The tocol composition of P.
khinjuk hull oil, which contains a—tocopherol (41 mg/kg),
p-tocopherol (60.84 mg/kg), y—tocopherol (4.4 mg/kg), o—
tocopherol (58.91 mg/kg), a-tocotrienol (1112.6 mg/kg)
and p-tocotrienol (881.4 mg/kg), is slightly higher than of
kernel oil. However, both kolkhoung oil types are com-
pletely unique among common edible oils. In fact, the
presence of tocols (tocopherol and tocotrienol) in kolk-
houng oil suggests that there are potential benefits in us-
ing this oil in pharmaceutical industry.

Oxidative stability of kolkhoung hull and kernel oil

Table 3 shows the PV and AV of the kolkhoung hull
oil samples during storage at different temperatures (100,
110 and 120 °C). Hydroperoxides are the primary products
of lipid peroxidation. It is well known that hydroper-

oxides have no undesirable flavour, whereas their decom-
posed products are mostly responsible for rancid off-fla-
vour. As seen in Table 3, PV of kolkhoung hull oil samples
increased from the beginning of the storage period to the
last day, showing the progression of oxidation with the
increase of temperature. The PV of kolkhoung hull oil
samples stored at 100 °C after 16 days reached 12.02 meq
O, per kg of oil and the difference between the PVs of the
samples at all time intervals was significant. However, at
110 °C the PV of the samples increased slowly (2.79 to
19.07 meq O, per kg of oil) in the first 16 days, but after 36
days it reached 41.1 meq O, per kg of oil. The rate of hy-
droperoxide formation at 120 °C was faster than at the
other two temperatures (100 and 110 °C). In fact, tempera-
ture is the main factor of the oil oxidation rate, since oxi-
dation, which starts with the abstraction of hydrogen ad-
jacent to a double bond in a fatty acid, is catalyzed by
light and heat to form a free radical. Hydroperoxides are
more stable than radical species, leading to secondary ox-
idation products including aldehydes, ketones, acids, al-
cohols and lactones. Secondary products are responsible
for impaired taste and flavour of oil. Indeed, when hydro-
peroxides break down, they produce volatile aldehydes
like hexanal, leaving behind a nonvolatile portion of the
fatty acid that remains part of the lipid molecules. These
nonvolatile reaction products can be measured by the re-
action with anisidine. The changes of AV of kolkhoung
hull oil at the three temperatures are shown in Table 3. As
we expected, the formation of volatile aldehydes at high-
er temperature (120 °C) was greater compared to lower
temperature (100 and 110 °C). Therefore, the AV of kolk-
houng hull oil at 120 °C increased for 672 %, while at 110
and 100 °C it increased for 575 and 440 %, respectively.
The changes of PV and AV of kolkhoung kernel oil sam-
ples at 100, 110 and 120 °C are shown in Table 4. The kolk-
houng kernel oil samples showed a similar trend of
changes in the PV and AV with heating time compared to
hull oil. The increase of kolkhoung kernel oil PV was
1064, 116 and 1358 % at 100, 110 and 120 °C, respectively.
As a consequence, as storage temperature increased, the

Table 3. The peroxide value (PV) and anisidine value (AV) of kolkhoung hull oil during heating at 100, 110 and 120 °C

Temperature/°C
Time/h 100

per kg ot AV per kg ot AV pr kg ot AV

(2.79+0.06)® (3.80+0.07)* (2.79+0.06)® (3.86+0.07)4 (2.79+0.06)® (3.86+0.07)

(5.10+0.05) (4.92+0.07)F (5.96+0.07)® (5.28+0.05)° (6.60+0.05)4 (5.81+0.05)¢

(7.60+0.07)"P (5.80+0.05)"* (8.87+0.06) (6.35+0.06)"E (13.30+0.09)4 (9.30+0.04)"¢
12 (10.110.05)s° (7.090+0.06)s* (15.04+0.09)s" (9.80+0.07)s" (17.90+0.07)s4 (12.100.07)s¢
16 (12.02+0.08) (8.40+0.07) (19.070.06)® (12.800.04) (22.4020.07)f (15.05+0.05)
20 (18.600.07)< (11.700.07)F (23.80+0.08)% (15.600.02)¢ (27.02+0.06)° (17.92+0.07)°
24 (23.000.05)qC (13.900.04)% (28.200.09)P (18.400.07) (31.600.07)3 (21.050.07)%
28 (27.60+0.12)¢ (15.90+0.06)F (32.70+0.09)® (21.4+0.09)<¢ (36.20+0.07)4 (24.06+0.06)°
32 (32.80+0.10)¢ (18.10£0.16)°F (37.50+0.13)8® (22.9+0.09)°E (40.77+0.07)>* (27.12+£0.10)°°
36 (39.03+0.12)¢ (20.50+0.07)* (41.10£0.13)A» (26.05+0.11) (44.8+0.08)** (29.80+0.06)°

Mean values+S.D. (standard deviation) within a column with the same lowercase letters are not significant at p<0.05
Mean values+S.D. (standard deviation) within a row with the same uppercase letters are not significant at p<0.05
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Table 4. The peroxide value (PV) and anisidine value (AV) of the kolkhoung kernel oil during at heating process 100, 110 and 120 °C

Temperature/°C
Time/h 100 110 120
per kg ot ol AV por kg ool AY por kg ool AV
(3.4420.08)" (4.200.06)* (3.4420.08)" (4.200.06)* (3.4420.08)" (4.2020.06)
(5.5620.09) (5.080.08)" (6.1420.03)® (5.6620.07)C (7.0120.04) (6.17+0.05)®
(7.8520.03)P (6.3520.05)"F (9.12+0.04)¢ (7.02+0.07)E (15.600.07)" (10.10£0.04)"®
12 (10.40+0.07)¢" (7.8420.04)F (16.48+0.06)° (11.05£0.10)¢° (20.1120.05)8 (13.20+0.08)s°
16 (12.47+0.05)® (8.91+0.08) (20.88+0.06)® (13.80£0.05)™ (26.30+0.08)" (16.38+0.07)
20 (19.08+0.09)° (12.94+0.07)F (25.50+0.07)8 (17.01£0.09)E (30.90+0.08)A (19.60+0.06)<C
24 (23.60+0.05)¢ (16.25+0.05)F (30.14+0.07)4® (20.03+0.05)E (35.40+0.05)* (22.90+0.08)4P
28 (28.20+0.06)c (18.80+0.09)F (34.07+0.10)® (22.59+0.08)F (40.30+0.14) (26.30+0.06)°
32 (33.40+0.04)°¢ (19.91+0.09)F (38.70+0.10)"® (25.63+0.08)°" (45.12+0.10)>* (29.70+0.06)*"
36 (40.05+0.14)C (23.130.08) (43.3620.09)® (28.50+0.07)° (50.1720.13)% (33.1120.06)™

Mean values*S.D. (standard deviation) within a column with the same lowercase letters are not significant at p<0.05
Mean values+S.D. (standard deviation) within a row with the same uppercase letters are not significant at p<0.05

rate of oxidation increased. Moreover, the rate of AV at
100 °C gently increased in 36 h, while at 120 °C after 8
days it increased rapidly, so that the AV of kolkhoung
kernel oil samples reached values of 23.1, 28.5 and 33.11
at 100, 110 and 120 °C, respectively. According to the Ar-
rhenius equation, as the temperature increased, the ener-
gy of activation decreased (17). As a consequence, the rate
of lipid oxidation also increased.

The results calculated from the linear relationship be-
tween the PV and AV and heating time of kolkhoung hull
oil and kernel oil are shown in Table 5. The slope of the
linear equations (a value), which were considered to be a
measure of PV and AV rate, increased as the temperature
rose from 100 to 120 °C. Thus, the PV changed from 1.0 to
1.17 in the hull o0il and the AV increased from 0.48 to 0.74.
Moreover, hull oil samples stored at 100 °C showed the
lowest oxidation rate (a=1.0), whereas kernel oil stored at
120 °C showed the lowest heating stability (a=1.30) based
on hydroperoxide formation. Also, the oxidation rate of
hull oil samples at all temperatures was slightly lower
than of kolkhoung kernel oil, based on the AV. There are
significant differences between the value of AV curve at
100, 110 and 120 °C, so that the value of hull oil based on
the AV changed from 0.48 to 0.74, while the AV of kernel

oil increased from 0.55 to 0.82. This indicates slightly
higher antioxidant potential of kolkhoung hull oil even at
high temperature. In general, based on the formation of
primary and secondary lipid peroxidation products, the
oxidative stability of kolkhoung hull oil is slightly higher
than of kernel oil. Regarding the high oxidative stability
of kolkhoung hull oil and its high tocopherol and tocotri-
enol contents, it was expected that the addition of this oil
to other vegetable oils can improve their oxidative stabili-
ty. Tavakoli et al. (6) also compared the chemical charac-
teristics of P. khinjuk hull oil, P. atlantica hull oil and Sesa-
mum indicum L. cv. Dezful seed oil. The results indicated
that the oxidation stability of P. khinjuk hull oil was based
on conjugated diene hydroperoxides and carbonyl value
during heating treatment (8 h) at 170 °C due to high con-
tent of tocotrienols (92.6 % of total tocol compounds). The
AV measured during heating was plotted against the PV
(Fig. 1). There was a linear relationship between the AV
and PV with a high determination coefficient (R*=0.997).
Determination of AV is convenient when applied to edi-
ble oil and fats, especially to detect 2,4—dienals. Unlike
hydroperoxides, aldehydes do not break up rapidly, thus
allowing the history of an oil to be determined with the
AV.

Table 5. The results calculated from the linear relationship of the peroxide value (PV) and anisidine value (AV) with the heating time

of kolkhoung hull and kernel oil at 100, 110 and 120 °C

PV=a(time)+b

AV=a(time)+b

Oil t/°C
a b R? a B R?
100 (1.01+0.00) (-0.27+0.01)" 0.970 (0.48+0.00)f (2.40+0.08)¢ 0.975
Hull 110 (1.10+0.00)¢ (1.62+0.05)¢ 0.997 (0.65+0.01)4 (2.61+0.05)¢ 0.991
120 (1.17+0.00)° (3.15+0.06)° 0.998 (0.74+0.00)° (3.35+0.06)° 0.999
100 (1.02+0.00)° (0.06+0.04)° 0.967 (0.55+0.00)° (2.37+0.06)° 0.969
Kernel 110 (1.18+0.00)¢ (2.12+0.05)¢ 0.995 (0.71£0.00)¢ (2.83+0.09)¢ 0.993
120 (1.30+0.00)" (3.960.04)* 0.995 (0.82+0.00)" (3.50+0.04)° 0.998

Mean values+S.D. (standard deviation) within a column with the same letters are not significant at p<0.05
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30 AV=0.624(PV)+1.406
R?=0.997
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Fig 1. Correlation of the anisidine value (AV) with the peroxide
value (PV) in the kolkhoung hull oil at 120 °C for 36 h

Conclusions

Because of possible toxic and carcinogenic com-
pounds of synthetic antioxidants like BHA, BHT and
TBHQ, which are formed during their degradation, the
application of the most widely used synthetic antioxi-
dants has been questioned. The present study showed
that the hull oil and kernel oil of kolkhoung, a species of
pistachio growing wild in Iran, can be considered as a
new source of safe and effective natural antioxidants and
should be used in common oils to increase their shelf life.
Our results also indicated that the kolkhoung hull oil was
more resistant to lipid peroxidation than its kernel oil.
This can be attributed to very high content of tocopherols
and tocotrienols and very low amounts of USFA/SFA and
Cox value compared to its kernel oil.
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