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ABSTRACT: The presence of undesirable impurities in the oil reduces the stability of the oil against oxidation,
thereby decreasing the quality of the end product. The aim of this study was to investigate the effect of the type of
oil extraction process and the different steps of purification on the amount of PAHs (polycyclic aromatic
hydrocarbons), lead and arsenic and the oxidative stability of sesame oil. To do so, the cold press method was
used for the control.sample and the solvent extraction method was used for the experimental samples in different
purification steps (neutralization, decolorization and deodorization). The results showed that the highest amounts
of PAHs were found for the sesame oil extracted by the cold press method and the lowest values of PAHs were
observed after deodorization. The highest concentrations of lead and arsenic were observed for the cold press-
extracted sesame oil and the lowest values were found for the sesame oil after deodorization. The highest oxidative
stability for the sesame oil after deodorization and the lowest oxidative stability for the sesame oil extracted by
the cold press method. Also, the highest peroxide value was found for the sesame oil extracted by solvent and the
lowest value for the sesame oil after deodorization. The results revealed that during the solvent purification
process, the amount of polycyclic aromatic hydrocarbons and heavy metals (lead and arsenic) decreased, and the
oxidation stability increased compared to the oil extracted by the cold press method, and these properties improved
in each step. The results of the peroxide test showed that the use of solvent for extraction caused higher oil

oxidation as compared to the cold press method and the purification steps improved the oxidative stability.

KEYWORDS: Arsenic; Lead; Oxidation stability; polycyclic aromatic hydrocarbons; Purification; Sesame oil.


mailto:leylanateghi@iauvaramin.ac.ir

INTRODUCTION

Significant investments have been made in oils and fats industry because they are of great importance, not only
from a health viewpoint but also from an economic standpoint. Oils and fats supply a significant part of the energy
needed by the body, essential fatty acids and fat-soluble vitamins [1]. Edible oils contain high amounts of
unsaturated fatty acids (especially polyunsaturated fatty acids) which are very susceptible to oxidation. Oxidation
of oils is important because it reduces the quality of food products [2]. Oxidation of lipids during the processing
or storage of food not only develops an off-flavor, unpleasant smell and undesirable color, but also reduces their
nutritional value and safety. In addition, the compounds resulting from the oxidation of lipids are toxic and cause
health problems and diseases such as cancer. One of the oldest oil plants that is well adapted to arid and semi-arid
areas like Iran is the sesame plant with the scientific name Sesamum Indicum. Sesame is one of the most important
oilseed products that is widely used in many parts of the world. Cultivation is placed [3]. About 75% of sesame
seeds are protein and fat. The predominant unsaturated fatty acid in sesame oil is oleic acid (4.43%) followed by
linoleic acid (3.36%) [4]. Due to the excellent quality of this oil, which has It has‘a pleasant smell and a good
taste. This seed is called the queen of oil seeds and is highly valued in Iran [5].

The concentration of heavy metals in vegetable oils is a very important criterion for the quality of edible oils for
freshness and storage as well as for nutritional and health properties..Heavy metals in vegetable oils also affect
the oxidation rate of oils [6]. Memar et al. [7] examined the concentration of heavy metals in 58 samples and
reported that the amount of lead in 17.5% of the samples exceeded:the standard level. Polycyclic aromatic
hydrocarbons (PAHSs) are a large group of organic compounds composed of two or more aromatic fused rings.
According to the EU regulations, the permissible limit of PAHSs.in oils and fats intended for human consumption
is 10 ng/kg [8]. Edible oils may be contaminated-with PAHS during drying and/or solvent extraction, and to a
lesser extent, by leaking into the plant as well.as through sail. Oil is extracted from the most commonly used oil
seeds such as soybean and sunflower primarily by the purification process, which significantly reduces the PAHs
level. But this decrease is not significant in oils extracted by the cold press method used for the preservation of
their bioactive compounds (mustard, safflower, black pepper, borage, etc.). Therefore, these oils can be an
important source of PAHSs. Studies have shown that the amount of low molecular weight PAHSs is often higher
than that of high.molecular weight PAHs [9]. Rojo Camargo et al. [10] studied soybean oil extraction and stated
that the purification process.including neutralization, decolorization and deodorization resulted in a significant
decrease (88%) in the PAHs level. Given the demand for higher quality vegetable oils, the effect of the oil
extraction method on the quality of the end product and the lack of studies on sesame oil extraction methods
resulting in the highest quality oil, the aim of this study was to investigate the effect of the type of oil extraction
process and its different steps on the amount of PAHSs (polycyclic aromatic hydrocarbons), lead, arsenic as well

as the oxidative stability of sesame oil.

EXPERIMENTAL SECTION

Materials

Sesame oil was obtained from Gohar Daneh Afagh company (Iran), the chemicals including sodium hydroxide,
bleaching earth, dichloromethane, acetonitrile, fluoric acid, nitric acid, hydrochloric acid, chloroform, acetic acid,
potassium iodide, and sodium thiosulfate from Sigma company (Germany) and the starch solution from Shimaz

company (Iran).



Methods

Initially, samples were collected from several factories. To do this, unpurified sesame oil extracted by the cold
press method as the control sample (T1), unpurified sesame oil extracted by the solvent extraction method (T2),
sesame oil extracted by the solvent extraction method (after neutralization) (T3), sesame oil extracted by the
solvent extraction method (after decolorization) (T4) and sesame oil extracted by the solvent extraction
method (after deodorization) (T5) as the experimental samples were prepared. All the samples were evaluated for
PAHSs, lead, arsenic and oxidative stability. It should be noted that all the samples were transferred to the laboratory

in dark glass containers and the experiments were conducted in triplicate.

Oil purification steps

Oil purification involved the extraction steps including pressing, neutralization, decolorization and odorization. It
was done according to the method of Madihah Abd Hadi et al. [11] that with.some modification based on
preliminary study as briefly described below. In the gumming step, first the.oil was mixed with 3% water at 70°C
and stirred, and the oil phase was then separated by centrifugation. The gummed. oil was treated with an
appropriate amount of sodium hydroxide (10% in water) to neutralize free acids, and after separating the soap, the
neutralized oil was decolorized with 1% acid-activated bleaching earth. Then it was deodorized under vacuum

conditions at 220°C. The obtained product was packed in dark glass bottles.

Tests
Identification of Polycyclic aromatic hydrocarbons

The polycyclic aromatic hydrocarbons were identified using a high performance liquid chromatography (HPLC)
(model Younglin Acme 9000, South Korea). To do so, the preparation was done according to the Iranian national
standard 8638 No. 10682 [12], the sesame oil samples were injected into the device and the compounds were
analyzed. Before injecting the samples into the device, to ensure the absence of PAHs compounds in the glass
equipment, all the glass parts were washed several times in an ultrasonic bath with dichloromethane solution [13],
and the final solvent used to.check the contamination with PAHs was analyzed by chromatography and the results

were obtained according to Equation 1.

Equation 1.

(Ai x Cir < V)

ci =
(Air = m)

where Ci is the amount of PAH in the sample (ppm), Ai is the area under the curve of PAH in the sample, Air is
the area under the curve of PAH (average of two injections) in the standard solution, Cir is the concentration of

each PAH in the standard solution, m is the sample weight (g) and V is the final extraction volume (mL).



Measurement of lead and arsenic

Lead and arsenic were measured by the graphite furnace atomic absorption method according to the Iranian
national standard 8636 No. 4098 and No. 6076 [14, 15], respectively. First, 1 mL of the dried sample was weighed
and poured into a 50 mL flask to which 5 mL of hydrofluoric acid, 10 mL of nitric acid and 5 mL of hydrochloric
acid were added, and it was heated to a temperature of 100°C until the sample became clear. The samples were
then brought to the desired volume with the help of 4% nitric acid and prepared for reading by an atomic absorption

device.
Measurement of oxidative stability using rancimat

Oxidative stability index (OSI) was measured by a rancimat machine (model 892 Professional Rancimat,
Switzerland) according to the Iranian national standard No. 3734 [13]. To do so, dry and clean air was blown at a
speed of 20 L/h into a container containing 3 g of oil sample, and the air containing volatile organic acids caused
by the oxidation of the sample was blown into a container intended for measuring. electrical conductivity

(containing 60 mL of distilled water) and the oxidative stability index was automatically measured at 110°C.
Measurement of peroxide value (PV)

The peroxide value was measured according to the Iranian national standard 8636 No. 4179 [16]. To do this, 5 g
of oil and 30 mL of chloroform and acetic acid solution (two volumes of acetic acid and one volume of chloroform)
were dissolved. The mixture was shaken and then 0.5 mL of saturated potassium iodide solution was added. After
keeping in the dark for 1 min, 30 mL of distilled water were added and the solution was titrated with 0.01 normal
sodium thiosulfate in the presence of 0.5 mL of/1% starch-solution. The peroxide value was calculated in mEq of

peroxide per g of sample according to Equation 2.

Equation 2:

Pv=((v-vo)xNx1000)/W

where Pv is.the peroxide value in mEq of oxygen per kg of the extracted oil, v is the amount of sodium thiosulfate
in mL used for sample-titration, vo is the amount of sodium thiosulfate in mL used for blank titration, N is the

normality.of sodium thiosulfate used and W is the weight of tested oil in g.
Statistical analysis

First, the normality of the data was checked, and then the results were analyzed by one-way analysis of variance
(ANOVA). The means were compared by using Duncan multiple range test. Data were analysed using SPSS 22

software.



RESULTS AND DISCUSSION

Identification of polycyclic aromatic hydrocarbons (ppm)

The results of the measurement of benzo (a) anthracene, chrysene, benzo (b) fluoranthene, benzo (a) pyrene and
total polycyclic aromatic hydrocarbons of unpurified sesame oil extracted by the cold press, unpurified sesame
oil obtained by the solvent extraction method and purified sesame oil with different steps of purification, including
neutralization, decolorization, and deodorization are presented in Table 1. As shown in the Table, the highest
amount of PAHs was found for the cold pressed-extracted sesame oil including benzo (a) anthracene (0.93 ppm),
chrysene (1.22 ppm), benzo (b) fluoranthene (1.59 ppm), benzo (a) pyrene (1.36 ppm) and: total polycyclic
aromatic hydrocarbons (5.1 ppm) and the lowest amount of PAHs was observed for sesame oil after deodorization
including benzo (a) anthracene (0.5 ppm), chrysan (0.42 ppm), benzo (b) fluoranthene (0.42.ppm), benzo (a)
pyrene (0.12 ppm) and total polycyclic aromatic hydrocarbons (1.46 ppm). All treatments were significantly
(p<0.05) different. This reduction was directly related to each step of purification as it decreased through the
purification process. Many researchers stated that the amount of ‘PAHSs in crude vegetable oils can be reduced
during refining [17, 18]. Moret et al. [19] investigated the effect of processing conditions on the content of PAHS
in grape oil by using the liquid chromatography method and showed that the oil samples extracted before drying
contained relatively high amounts of benzo (a) pyrene (about 2.4-0.9 ppb) which was attributed to the compressing
grape pomace by a bulldozer to reduce its volume before storage. Other researchers studied the content of 15
different types of PAHSs in soybean, sunflower and extra virgin olive oils and also their changes during the
purification process. They showed that extra virgin olive oil had the highest amount of PAHs (26 ug/kg) and the
neutralization and especially deodorization steps played a significant role in reducing PAHSs in the samples [20].
Yu et al. [21] Examined the sources of PAHS.in soybean oil and its changes during the purification process and
stated that the PAHSs level in purified oils.was significantly lower than that in unpurified oil. Also, a significant
decrease in the PAHSs level was observed during the extraction, decolorization and deodorization. Fromberg et al.
[22] used a semi-automatic method (gel permeation chromatography with solid phase) to investigate polycyclic
aromatic hydrocarbons in vegetable oils. This method has been approved by the European Union to determine
PAH in vegetable oils. Out of 69 vegetable oil samples (olive oil, rapeseed oil, sunflower oil, grape seed oil) that
were obtained from Danish markets, except for one sunflower sample that contained 11 (ng/kg) benzoprene, the

rest.of the eils have The amounts of benzopyrene were very low (<0.2-0.8 pg/kg).



Table 1: Results of measurement of benzo (a) anthracene, chrysene, benzo (b) fluoranthene, benzo (a)pyrene and total

PAHSs in sesame oil under different conditions

Benzo(a) Benzo (b)
. Chrysene Benzo (a)
Oils anthracene fluoranthene Total PAHs (ppm)
(ppm) pyrene (ppm)
(ppm) (ppm)
Unpurified cold press-extracted sesame oil
0.5000° 0.4200° 0.4100° 0.1200° 1.45007
(control)
Unpurified sesame oil obtained by solvent
. 0.6600° 0.5400° 0.6700° 0.3700° 2.2400°
extraction method
Purified sesame oil obtained by solvent
. o 0.7000° 0.8700° 0.8600° 0.5700° 3.0000°
extraction method (after neutralization)
Sesame oil after decolorization 0.8700¢ 0.9200¢ 1.3300° 1.1100¢ 4.2300¢
Sesame oil after deodorization 0.9300° 1.2200° 1.5900° 1.3600° 5.1000°

Different small letters represent a significant difference (p<0.05) per column.

Measurement of lead and arsenic

Metal content in vegetable oils in terms of toxicity Nutritional effects'and also in terms of oil storage life They
are of special importance [23].The results of the measurement of lead and arsenic in unpurified cold press-
extracted sesame oil, unpurified sesame oil obtained by the solvent extraction method and purified sesame oil
with different purification steps including neutralization, decolorization and deodorization are presented in Table
2. As shown in the Table, the highest (117 ppb) and the lowest (28 ppb) amounts of lead were found for the cold-
press extracted sesame oil and the sesame oil after deodorization, respectively. Also, the highest (150 ppb) and
the lowest (36 ppb) amounts of arsenic were observed for the cold-press extracted sesame oil and the sesame oil
after deodorization, respectively. The results showed significant (p<0.05) differences and the reduction was
directly related to each step of purification as it decreased through the purification process. Other researchers
studied and measured the amount of heavy metals in edible oils. They analyzed the amount of heavy metals in 58
edible oil samples, as one of the most commonly used foods. No lead was observed in 75.86% of the samples, and
in 5.17% of the samples, the amount of lead exceeded the permissible limit. Arsenic, copper and iron were not
found in94.12, 24.39 and 6.06% of the samples, respectively [7]. Sedaghat Borujeni et al. [24] investigated the
effect of the purification process on the amount of heavy metals in soybean oil. The results revealed that the most
important step in the arsenic removal process was neutralization, which caused 60% removal of the total arsenic
from oil. The highest percentage of mercury removal was observed after adding metal receptors and antioxidants,
which was probably related to the citric acid chelation. Most of the lead was removed from the oil in the
neutralization step due to the production of insoluble soap during centrifugation. Also, the neutralization step had
a significant effect on removing cadmium from oil. Therefore, it could be concluded that neutralization and
addition of antioxidants and metal receptors were two important steps in removing heavy metals from oil.
Mendalia et al. [25], in Research on 4 types of industrial edible oil in Turkiye (olive, hazelnut, sunflower, corn
oils) 10 of each collected samples and the content of heavy metals iron, copper, they checked lead and cadmium

in them. In all samples the amounts of these metals are lower than the international standard range It was measured



and all in terms of toxicity and the nutritional value was evaluated as appropriate. This is a sign of quality Above

the raw materials and extraction process of these oils.

Table 2: Results of measurement of lead and arsenic in sesame oil under different conditions

Oils Lead (ppb) Arsenic (ppb)
Unpurified cold press-extracted sesame oil (control) 28.0000° 36.0000°
Unpurified sesame oil obtained by solvent extraction method 44.0000° 51.0000°
Purified sesame oil obtained by solvent extraction method (after neutralization) 68.0000c 72.0000°
Sesame oil after decolorization 99.0000¢ 123.0000¢
Sesame oil after deodorization 117.0000° 150.0000°

Different small letters represent a significant difference (p<0.05) per column.

Measurement of oxidative stability using rancimat system

The results of the measurement of the oxidation stability of unpurified sesame oil extracted by the cold press
method, unpurified sesame oil obtained by the solvent extraction method and purified sesame oil with different
purification steps including neutralization, decolorization and deodorization are presented in Table 3. As shown
in the Table, the highest (11.17 h/110°C) and the lowest (7.61 h/210°C) oxidative stability indexes were found for
the sesame oil after deodorization and the unpurified sesame oil obtained by the cold press method, respectively.
All treatments were significantly (p<0.05) different and this stability was directly related to each step of
purification as it increased through the-purification process. The refining consists in a set of operations used to
obtain an edible product including degumming, neutralization, bleaching and deodorization. The first degumming
is carried out to remove phospholipids..Neutralization and bleaching are used to eliminate free fatty acids and
pigments that can promote fat oxidation and lead to undesirable colures in the final product. The neutralized oil is
treated with bleaching agents such as activated carbon. Finally, the deodorization removes volatile compounds
and decomposes peroxides to‘improve the oil flavor quality and stability. The resulting product is referred as
refined oil [26]. Hoseini et al. [27] evaluated the type of extraction method on the oxidative stability of sesame
oil. They:stated that oils extracted by the cold press method, shop press and traditional press and refined oils had
the highest oxidation resistance for 20, 17.6, 13.5 and 10.01 h, respectively. Farmani et al. [23] collected 9 samples
of sesame oil from different oil shops in Mazandaran province and investigated its oxidative induction period.
The results showed that the oxidative stability of 9 samples at 110 °C in the range of 5.9 t010.2 hours and samples
No. 4 and 6 showed less resistance than other samples, which was due to the higher amount of metals in these
samples. Hojjati [28] stated that the oxidative stability index of purified sunflower oil samples was within the
standard limit, while the sunflower oil prepared by the cold press method was 4.96-28.11 h, which was not within

the standard range and suitable for household use.



Table 3: Results of measurement of oxidative stability of sesame oil under different conditions

Oxidative stability (h/110-

Oils
OC)
Unpurified cold press-extracted sesame oil (control) 7.6100°
Unpurified sesame oil obtained by solvent extraction method 7.6400°
Purified sesame oil obtained by solvent extraction method (after neutralization) 8.6700°
Sesame oil after decolorization 10.5400¢
Sesame oil after deodorization 11.1700°

Different small letters represent a significant difference (p<0.05) per column.

Measurement of peroxide value (PV)

The results of the measurement of peroxide value of unpurified sesame oil extracted by the cold press method,
unpurified sesame oil obtained by the solvent extraction method and purified sesame oil with different purification
steps including neutralization, decolorization and deodorization are presented in Table 4. As shown in the Table,
the highest (16.95 mEqg/kg oil) and the lowest (mEq 2.22 mEq/kg oil) peroxide. values were found for the
unpurified sesame oil obtained by the solvent extraction method and the sesame oil after deodorization,
respectively. The results indicated that all treatment were significantly (p<0.05) different. Pourabdollah et al. [15]
studied the peroxide index of oil extracted from the bleaching earth used by Iran Qil Products Company. The
results revealed that the highest and the lowest amounts of peroxide were observed for the oil extraction with
hexane for 6 and 2 h, respectively. When using bleaching earth for purification, a significant decrease in the
peroxide index occurred. Naji et al. [29] investigated the effect of different color removal soils (Iranian, Pakistani
and German bentonite) on the amount of peroxide index of soybean, sunflower, rapeseed and palm oil. The results
showed that decolorization reduces the peroxide index in all oils and there was no significant relationship between
the type of decolorizing soil used.and the changes in the peroxide index. Therefore, the decolorizing soil that is
cheaper and more accessible in our_country (lranian bentonite soil) was selected. Also, the best quality after
decolorization was seen in soybean oil. Hojjati [28] compared the peroxide index of sesame oil extracted by
pressing and refined within 60 d. He reported that the amount of peroxide when using the press extraction method
was initially lower than the purification method, however the changes in the peroxide value of the purified sesame
oil were far less than that'of the cold press-extracted sample during 60 d. Therefore, the food industry is always
looking for new separation technologies to use natural compounds with higher purity and, as a result, to produce
healthy.and high quality products [30].

Table 4: Results of measurement of peroxide value of sesame oil under different conditions

Oils Peroxide Value (mEq 02/kg oil)
Unpurified cold press-extracted sesame oil (control) 12.5000¢
Unpurified sesame oil obtained by solvent extraction method 16.9500°
Purified sesame oil obtained by solvent extraction method (after neutralization) 10.6800°
Sesame oil after deodorization 6.1200°
Sesame oil after deodorization 2.2200%

Different small letters represent a significant difference (p<0.05) per column.



CONCLUSIONS

The results of this study showed that the type of extraction process and purification steps have a significant effect
on reducing PAHSs and heavy metals such as lead and arsenic decreased during the solvent purification as well as
cold press method. Also, its oxidative stability increased compared to oil extracted by the cold press method, and
the properties were improved in each step of purification. However, the results of the peroxide test showed that
the use of solvent for extraction caused higher oxidation of the oil as compared to the cold press method and the

purification steps (neutralization, decolorization and deodorization) improved the oxidative stability.

REFERENCES

[1] Kebriti M., Hoseini Mazhari S. Z., Gerami A., Ghiassi B., Esfandyari Ch. Survey on the rate of losses

and wastes in oil seeds processing plants in Tehran Province, Food Techn and Nutr, 8(1): 42-50. (2011).

[2] Nateghi L., Kavian F., Maleki Kohaki A.R. A Study on the Possibility of Sodium Nitrite Substitution
Punica granatum var. pleniflora (Persian Golnar) Extract in Sausage Formulation, IJCCE, 42(1): 155-167.
(2024).

[3] Morris J.B. Food, industrial nutraceutical and. pharmaceutical uses of sesame genetic resources. In:
Trends in New Crops and New Uses, Janick, J.,'and Whipkey A. (Eds.). ASHS Press, Alexandria, V.A. Pp:
153-156. (2002).

[4] Thakur V., Paroha S., Prakash-Mishra R. Free Fatty Acid Profile of Seven Sesame (Sesamum Indicum
L.) Verities, Int.J.Curr.Microbiol.App.Sci., 7(7): 3439-3453.(2018).

[5] Dini-Torkamani M.R., Carapetion.J. An Investigation of physical and chemical characteristics of seed in
ten Sesame (Sesamum indicum L.) Vareities. Iran. J. Biol. 20(4): 327-333. (2008).

[6] Sahan Y., Basoglu F. Trace metals in olive oil, V Int Symp olive grow., 791(109): 719-723. (2008).

[7]1 Memar.M.; Khazri A., Ahmadi M., Shiroui S. Studying and measuring the amount of heavy metals in

edible oils. The 21st National Congress of Food Sciences and Industries of Iran. (2013).

[8] Purcaro G., Moret S., Conte LS. Overview on polycyclic aromatic hydrocarbons: occurrence, legislation
and innovative determination in foods. Talanta, 15(105):292-305. (2013).

[9] Roszko M., Szterk A., Szymczyk K., Waszkiewicz- Robak B. PAH, PCBs, PBDEs and Pesticides in
Cold-Pressed Vegetable Qils. J Am Oil Chem Soc., 89 (3):389- 400. (2012).

[10] Rojo Camargo MC., Antoniolli PR., Vicente E. Evaluation of polycyclic aromatic hydrocarbons content
in different stages of soybean oils processing. Food Chem.,135 (3): 937-42. (2012).



https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwibiNTg_p2BAxUm8LsIHfttCiMQFnoECBgQAQ&url=https%3A%2F%2Fjift.irost.ir%2Farticle_494.html%3Flang%3Den&usg=AOvVaw0fW_gwZzlsRQvmJx1Z7dAN&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwibiNTg_p2BAxUm8LsIHfttCiMQFnoECBgQAQ&url=https%3A%2F%2Fjift.irost.ir%2Farticle_494.html%3Flang%3Den&usg=AOvVaw0fW_gwZzlsRQvmJx1Z7dAN&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwj0tuC7r6OEAxVv_7sIHUmdDIIQFnoECBEQAQ&url=https%3A%2F%2Fwww.ijcce.ac.ir%2F%3F_action%3Darticle%26au%3D1696746%26_au%3Dmaleki%2520kohaki%2C%2520alireza&usg=AOvVaw1eGq7omtsNXIG-c--xSAU0&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwj0tuC7r6OEAxVv_7sIHUmdDIIQFnoECBEQAQ&url=https%3A%2F%2Fwww.ijcce.ac.ir%2F%3F_action%3Darticle%26au%3D1696746%26_au%3Dmaleki%2520kohaki%2C%2520alireza&usg=AOvVaw1eGq7omtsNXIG-c--xSAU0&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjMuY773KqCAxUW4AIHHTgDAL8QFnoECAsQAQ&url=https%3A%2F%2Fwww.scirp.org%2F(S(351jmbntvnsjt1aadkozje))%2Freference%2Freferencespapers.aspx%3Freferenceid%3D1929100&usg=AOvVaw1CwliXGpFG2Z-W4FfauKdt&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiV26KiyJ-BAxWiZ_EDHWkHBUoQFnoECDEQAQ&url=https%3A%2F%2Fwww.ijcmas.com%2F7-7-2018%2FVarsha%2520Thakur%2C%2520et%2520al.pdf&usg=AOvVaw2-WbzEQY2FE016K2GtBwZK&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiV26KiyJ-BAxWiZ_EDHWkHBUoQFnoECDEQAQ&url=https%3A%2F%2Fwww.ijcmas.com%2F7-7-2018%2FVarsha%2520Thakur%2C%2520et%2520al.pdf&usg=AOvVaw2-WbzEQY2FE016K2GtBwZK&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwi39N6_3KqCAxWL2qQKHUUOA28QFnoECAoQAQ&url=https%3A%2F%2Fsid.ir%2FFileServer%2FJF%2F56313860402&usg=AOvVaw3NqqFflk3TH4-cwh4NRKLI&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwi39N6_3KqCAxWL2qQKHUUOA28QFnoECAoQAQ&url=https%3A%2F%2Fsid.ir%2FFileServer%2FJF%2F56313860402&usg=AOvVaw3NqqFflk3TH4-cwh4NRKLI&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwin47_1gJ6BAxWagf0HHVclBxoQFnoECA0QAQ&url=https%3A%2F%2Fwww.ishs.org%2Fishs-article%2F791_109&usg=AOvVaw3dYyXdUsyAhJoMPOntoDwR&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwj7ssbCyp-BAxXm1AIHHTuyDb8QFnoECA0QAQ&url=https%3A%2F%2Fcivilica.com%2Fdoc%2F235350%2F&usg=AOvVaw2AT5U2itt0BOSjKnJPW1j2&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwj7ssbCyp-BAxXm1AIHHTuyDb8QFnoECA0QAQ&url=https%3A%2F%2Fcivilica.com%2Fdoc%2F235350%2F&usg=AOvVaw2AT5U2itt0BOSjKnJPW1j2&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjvmZf0_p2BAxU-h_0HHQFUAsAQFnoECBMQAQ&url=https%3A%2F%2Fpubmed.ncbi.nlm.nih.gov%2F23598022%2F&usg=AOvVaw3L3uqSkLME5bDjRv0Zz_90&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjvmZf0_p2BAxU-h_0HHQFUAsAQFnoECBMQAQ&url=https%3A%2F%2Fpubmed.ncbi.nlm.nih.gov%2F23598022%2F&usg=AOvVaw3L3uqSkLME5bDjRv0Zz_90&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiTnqyigJ6BAxWigP0HHWZcDJYQFnoECA0QAQ&url=https%3A%2F%2Fwww.ncbi.nlm.nih.gov%2Fpmc%2Farticles%2FPMC3282903%2F&usg=AOvVaw1Abhm7u3qlpFw6oU1K3KEk&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiTnqyigJ6BAxWigP0HHWZcDJYQFnoECA0QAQ&url=https%3A%2F%2Fwww.ncbi.nlm.nih.gov%2Fpmc%2Farticles%2FPMC3282903%2F&usg=AOvVaw1Abhm7u3qlpFw6oU1K3KEk&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjpxpTx_52BAxVzgv0HHREdCF8QFnoECBIQAQ&url=https%3A%2F%2Fpubmed.ncbi.nlm.nih.gov%2F22953808%2F&usg=AOvVaw2yO9yg3BV7AWczLKhTdddR&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjpxpTx_52BAxVzgv0HHREdCF8QFnoECBIQAQ&url=https%3A%2F%2Fpubmed.ncbi.nlm.nih.gov%2F22953808%2F&usg=AOvVaw2yO9yg3BV7AWczLKhTdddR&opi=89978449

[11] Madihah Abd Hadi H., Ping Tan Ch., Khalishah Mohamad Shah N., Boon Tan T., Niranjan K., Mat
Yusoff M. Establishment of an Effective Refining Process for Moringa oleifera Kernel Qil, Processes, 9(4):

579 .(2021).

[12] Anonymous. Iranian National Standard 8636 N0.10682: Determination of polycyclic aromatic

hydrocarbons in animal and vegetable fats and oils (PAHSs) by high performance liquid chromatography
(HPLC) method. (2014).

[13] Anonymous. Institute of Standards and Industrial Research of Iran. No 3734.Determining Edible oils
and fats oxidation stability. (2007).

[14] Anonymous. Iranian National Standard 8638 No. 4098, Measurement oflead in.edible oils and fats by

graphite furnace atomic absorption method. (2014).

[15] Anonymous. Iranian National Standard 8638 No. 6076, Measurement.of arsenic in edible oils and fats

by graphite furnace atomic absorption method.(2014).

[16] Anonymous.lranian National Standard 8638 No.4179: Measurement of peroxide number in edible oils
and fats. (2014).

[17] Teixeira V. H., Casal S., Oliveira M. B. P. P-PAHS content in sunflower, soybean and virgin olive oils:

Evaluation in commercial samples and during the refining process. Food Chem, 104(1): 106-112. (2007).

[18] Cejpek K., Hajslova J., Kocourek V., Tomaniovda M., Cmolik J. Changes in PAH levels during
production of rapessed oil. Food'Addi and:Contamin, 15(5): 563-574. (1998).

[19] Moret S., Dudline A., Conte L.S.Processing effects on the polyaromatic hydrocarbon content of
grapeseed oil, J American Oil Chem Soc., 77(12): 1289-1292.(2000).

[20] Hugo Teixeira V., Casal S., Beatriz Oliveira M. PAHs content in sunflower, soybean and virgin olive

oils: Evaluation in commercial samples and during refining process. Food Chem., 104(1): 106-112. (2007).

[21] . Yu Y., Jin Qingzhe W., Yan Y. G, Wang X. Sources of Polycyclic Aromatic Hydrocarbons in Soybean
Oil and its Dynamic Changes Refining Processing. Advan J Food Sci & Tech., 6(1): 42-47. (2014).

[22] Fromberg A., Hgjgard A, Duedahl-Olesen, L. Analysis of polycyclic aromatic hydrocarbons in

vegetable oils combining gel permeation chromatography with solid phase extraction cleanup. Food Add
and Contamin, 24(7):758-767. (2007).

[23] Farmani J., Tirgarian B., Razmpour M. Evaluation of physicochemical properties of sesame oil from
local extraction stores of Mazandaran province. Food Sci & Tech Iran., 15(84): 175-187. (2019).



https://sciprofiles.com/profile/1328421?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name
https://sciprofiles.com/profile/774111?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name
https://sciprofiles.com/profile/author/NzVlOG8yUHVRTjZ3bmhRRS95UTFvamNoMVJRVGdNRGlRdC85MlZaRFJvZz0=?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name
https://sciprofiles.com/profile/1037495?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name
https://sciprofiles.com/profile/author/REdQdnBjVi9SQU9sVHZhNW5mbUtLZVVtdVloWVZ1YWdzMWFJUXdMRWlLUT0=?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name
https://sciprofiles.com/profile/1284071?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name
https://sciprofiles.com/profile/1284071?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwj7yZmCvayCAxVj_rsIHVlYCBMQFnoECAkQAw&url=https%3A%2F%2Fwww.mdpi.com%2F2227-9717%2F9%2F4%2F579&usg=AOvVaw1fEAg_UpMaRWln5RkE7dZV&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiHyZv-3Z-BAxUQwQIHHTm9BQ8QFnoECA0QAQ&url=https%3A%2F%2Fphc.umsu.ac.ir%2Fuploads%2Fkonjed.pdf&usg=AOvVaw1JIzUpskINf7ntSuN83Ydd&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwih6p3h5p-BAxXO7LsIHfVYDdwQFnoECCkQAQ&url=https%3A%2F%2Ffsct.modares.ac.ir%2Farticle-7-8840-fa.pdf&usg=AOvVaw14lhrJP8ftRZppY414np1a&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiHyZv-3Z-BAxUQwQIHHTm9BQ8QFnoECA0QAQ&url=https%3A%2F%2Fphc.umsu.ac.ir%2Fuploads%2Fkonjed.pdf&usg=AOvVaw1JIzUpskINf7ntSuN83Ydd&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiHyZv-3Z-BAxUQwQIHHTm9BQ8QFnoECA0QAQ&url=https%3A%2F%2Fphc.umsu.ac.ir%2Fuploads%2Fkonjed.pdf&usg=AOvVaw1JIzUpskINf7ntSuN83Ydd&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiHyZv-3Z-BAxUQwQIHHTm9BQ8QFnoECA0QAQ&url=https%3A%2F%2Fphc.umsu.ac.ir%2Fuploads%2Fkonjed.pdf&usg=AOvVaw1JIzUpskINf7ntSuN83Ydd&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiWgcHs3qqCAxX_iv0HHY5UAP0QFnoECAwQAQ&url=https%3A%2F%2Fwww.researchgate.net%2Fpublication%2F223094243_PAHs_content_in_sunflower_soybean_and_virgin_olive_oils_Evaluation_in_commercial_samples_and_during_refining_process&usg=AOvVaw3DO9pGvOKEW-BSxDt07mnv&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiWgcHs3qqCAxX_iv0HHY5UAP0QFnoECAwQAQ&url=https%3A%2F%2Fwww.researchgate.net%2Fpublication%2F223094243_PAHs_content_in_sunflower_soybean_and_virgin_olive_oils_Evaluation_in_commercial_samples_and_during_refining_process&usg=AOvVaw3DO9pGvOKEW-BSxDt07mnv&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjG7v6a36qCAxWX_7sIHcfxDRMQFnoECAwQAQ&url=https%3A%2F%2Fpubmed.ncbi.nlm.nih.gov%2F9829041%2F&usg=AOvVaw2Cg5zKc0m8A3VZwt8ohoI-&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjG7v6a36qCAxWX_7sIHcfxDRMQFnoECAwQAQ&url=https%3A%2F%2Fpubmed.ncbi.nlm.nih.gov%2F9829041%2F&usg=AOvVaw2Cg5zKc0m8A3VZwt8ohoI-&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjHt_HfzJ-BAxUKygIHHee5Bz4QFnoECA0QAQ&url=https%3A%2F%2Fwww.researchgate.net%2Fpublication%2F226435572_Processing_effect_on_the_polyaromatic_hydrocarbon_content_of_grapeseed_oil&usg=AOvVaw09GjQoz3iljmbW0E92nG6P&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjHt_HfzJ-BAxUKygIHHee5Bz4QFnoECA0QAQ&url=https%3A%2F%2Fwww.researchgate.net%2Fpublication%2F226435572_Processing_effect_on_the_polyaromatic_hydrocarbon_content_of_grapeseed_oil&usg=AOvVaw09GjQoz3iljmbW0E92nG6P&opi=89978449
https://aocs.onlinelibrary.wiley.com/journal/15589331
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwj61qeX_J2BAxU4bvEDHcodAq0QFnoECA0QAQ&url=https%3A%2F%2Fwww.researchgate.net%2Fpublication%2F223094243_PAHs_content_in_sunflower_soybean_and_virgin_olive_oils_Evaluation_in_commercial_samples_and_during_refining_process&usg=AOvVaw3DO9pGvOKEW-BSxDt07mnv&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwj61qeX_J2BAxU4bvEDHcodAq0QFnoECA0QAQ&url=https%3A%2F%2Fwww.researchgate.net%2Fpublication%2F223094243_PAHs_content_in_sunflower_soybean_and_virgin_olive_oils_Evaluation_in_commercial_samples_and_during_refining_process&usg=AOvVaw3DO9pGvOKEW-BSxDt07mnv&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjx6LnqgZ6BAxXNgv0HHY2ADKsQFnoECBUQAQ&url=https%3A%2F%2Fwww.researchgate.net%2Fpublication%2F287340987_Sources_of_Polycyclic_Aromatic_Hydrocarbons_in_Soybean_Oil_and_its_Dynamic_Changes_Refining_Processing&usg=AOvVaw3hymL3kCma5-Gh0AiAVQo_&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjx6LnqgZ6BAxXNgv0HHY2ADKsQFnoECBUQAQ&url=https%3A%2F%2Fwww.researchgate.net%2Fpublication%2F287340987_Sources_of_Polycyclic_Aromatic_Hydrocarbons_in_Soybean_Oil_and_its_Dynamic_Changes_Refining_Processing&usg=AOvVaw3hymL3kCma5-Gh0AiAVQo_&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjmzb-O3qqCAxV6hv0HHU6CAY4QFnoECAoQAQ&url=https%3A%2F%2Fwww.researchgate.net%2Fpublication%2F6224889_Analysis_of_polycyclic_aromatic_hydrocarbons_in_vegetable_oils_combining_gel_permeation_chromatography_with_solid-phase_extraction_clean-up&usg=AOvVaw2vq57fuyr_VqvNiXOUuNtP&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjmzb-O3qqCAxV6hv0HHU6CAY4QFnoECAoQAQ&url=https%3A%2F%2Fwww.researchgate.net%2Fpublication%2F6224889_Analysis_of_polycyclic_aromatic_hydrocarbons_in_vegetable_oils_combining_gel_permeation_chromatography_with_solid-phase_extraction_clean-up&usg=AOvVaw2vq57fuyr_VqvNiXOUuNtP&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwj9y_vygp6BAxVNiP0HHSOfBKMQFnoECBAQAQ&url=https%3A%2F%2Ffsct.modares.ac.ir%2Farticle-7-15581-fa.html&usg=AOvVaw21bsjzMkVVMb6RRQXJiZpM&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwj9y_vygp6BAxVNiP0HHSOfBKMQFnoECBAQAQ&url=https%3A%2F%2Ffsct.modares.ac.ir%2Farticle-7-15581-fa.html&usg=AOvVaw21bsjzMkVVMb6RRQXJiZpM&opi=89978449

[24] Sedagat Borujni L., Hojjatoleslami M., Gharachorlu M. Effect of purification process on amount of
heavy metals in soybean oil, Food Sci & Nutr., 15(1): 35-44.(2017).

[25] Mendila D., Uludzliia O.D., Tizena M., Soylakb M. Investigation of the levels of some element in

edible oil samples produced in Turkey by atomic absorption spectrometry. Journal of Hazardous Materials,

165: 724-728. (2009).

[26] Jung M. Y., Yoon S. H., Min D. B. Effects of processing on the contents of minor compounds and
oxidation of soybean oil. J American Oil Chem Society, 66(1): 118-120. (1989).

[27] Hosseini S. M., Estiri S. H., Didar Z. Evaluation of effect of type of sesame oil extraction method on its

fatty acid profile, antioxidant capacity and oxidative stability, J Innov food sci & Techno (food science and
technology)., 11 (1): 71-83. (2019).

[28] Hojjati M. Quality characteristics of oils prepared in oil extraction shops in presence of customer, J
Food sci & Indus., 17 (108): 1-15. (2020).

[29] Naji M.H., Ghavami M., Lari M.A. The effect of different.coloring seils on the quality of some edible
oil. Food Technol & Nutr 7(4): 5-19. (2010).

[30] Nematollahi A., Mashayekh M., Sohrabvandi S.; Khosravi Darani K., Bararnejad Bariki I. Use of
supercritical carbon dioxide for extraction and purification of vegetable oils, Ir J Nutr Sci &Food Indus., 7(
4): 35-44.(2013).



https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwic-Mvb-J2BAxWOVPEDHQSiBy8QFnoECA0QAQ&url=https%3A%2F%2Fwww.sid.ir%2FFa%2FJournal%2FViewPaper.aspx%3Fid%3D306087&usg=AOvVaw1qtQVnR8_lsNqJ7qUT6mln&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwic-Mvb-J2BAxWOVPEDHQSiBy8QFnoECA0QAQ&url=https%3A%2F%2Fwww.sid.ir%2FFa%2FJournal%2FViewPaper.aspx%3Fid%3D306087&usg=AOvVaw1qtQVnR8_lsNqJ7qUT6mln&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiJxObL3qqCAxUd_7sIHWdCCYIQFnoECA4QAQ&url=https%3A%2F%2Fpubmed.ncbi.nlm.nih.gov%2F19036503%2F&usg=AOvVaw1bPjEBCUj2xuKxkoN_DbTQ&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiJxObL3qqCAxUd_7sIHWdCCYIQFnoECA4QAQ&url=https%3A%2F%2Fpubmed.ncbi.nlm.nih.gov%2F19036503%2F&usg=AOvVaw1bPjEBCUj2xuKxkoN_DbTQ&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwift5TC36qCAxXXM-wKHX4JGAAQFnoECA0QAQ&url=https%3A%2F%2Flink.springer.com%2Farticle%2F10.1007%2FBF02661798&usg=AOvVaw0Iodxruw7Xekxt9jBwWlSN&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwift5TC36qCAxXXM-wKHX4JGAAQFnoECA0QAQ&url=https%3A%2F%2Flink.springer.com%2Farticle%2F10.1007%2FBF02661798&usg=AOvVaw0Iodxruw7Xekxt9jBwWlSN&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiyv__f-52BAxXuYPEDHQDLCscQFnoECA8QAQ&url=https%3A%2F%2Fwww.sid.ir%2FFileServer%2FJF%2F25113980105&usg=AOvVaw1-0_jkoQSFcDtowMY9DdDw&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiyv__f-52BAxXuYPEDHQDLCscQFnoECA8QAQ&url=https%3A%2F%2Fwww.sid.ir%2FFileServer%2FJF%2F25113980105&usg=AOvVaw1-0_jkoQSFcDtowMY9DdDw&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjsyNPP-p2BAxVTXvEDHSY-DasQFnoECA0QAQ&url=https%3A%2F%2Ffsct.modares.ac.ir%2Fbrowse.php%3Fa_id%3D44535%26sid%3D7%26slc_lang%3Den%26ftxt%3D0&usg=AOvVaw258elx_oVs5kDIvbWcgaZP&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjNmLvT3aqCAxUy_7sIHeKoClgQFnoECAsQAQ&url=https%3A%2F%2Fjftn.srbiau.ac.ir%2Farticle_1255_b23f6e9244768e884dbff8c62fca37fc.pdf&usg=AOvVaw2SqPEiOQh_CJ1yCwHuM9WX&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjNmLvT3aqCAxUy_7sIHeKoClgQFnoECAsQAQ&url=https%3A%2F%2Fjftn.srbiau.ac.ir%2Farticle_1255_b23f6e9244768e884dbff8c62fca37fc.pdf&usg=AOvVaw2SqPEiOQh_CJ1yCwHuM9WX&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjygL2Z-Z2BAxX-SPEDHaDBDOAQFnoECBkQAQ&url=https%3A%2F%2Fnsft.sbmu.ac.ir%2Farticle-1-962-en.html&usg=AOvVaw0ck_F57EjmtYjTO4npqRLk&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjygL2Z-Z2BAxX-SPEDHaDBDOAQFnoECBkQAQ&url=https%3A%2F%2Fnsft.sbmu.ac.ir%2Farticle-1-962-en.html&usg=AOvVaw0ck_F57EjmtYjTO4npqRLk&opi=89978449

