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INTRODUCTION 

In food science, antioxidants are very important in that they act preventing 

lipid oxidation in food and decreasing the adverse effects of reactive species 

(ROS: reactive oxygen species; RNS: reactive nitrogen species) on normal 

physiological functions in humans . Antioxidant synthetically obtained, like BHA 1

(butylated hydroxyanisole) and BHT (butylated hydroxytoluene), are largely used 

in food industry and are included in human diet. However, in recent years the use 

of natural antioxidants has been promoted because of concerns regarding the 

safety of synthetic ones. Dietary components, including polyphenols, carotenoids 

and vitamins C and E, are considered effective antioxidants useful in the 

prevention of oxidative stress and related diseases . 2

Pistacia atlantica Desf belongs to the family Anacardiaceae, that is xerophytic 

deciduous with male and female trees . In Iran three subspecies of these tree is 3

distinguished, subsp. kurdica, subsp. cabulica and subsp. mutica ,that grow in 

altitudes and arid and semiarid mountain lands and in many provinces such as: 
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Ilam, Kermanshah, Lorestan, Kurdistan, Azerbaijan Gharbi, Azerbaijan Sharghi, 

Fars, Kerman, Balouchestan and Khorasan .  4

Pistachios are rich in phenolic compounds (Prasad 2003). This plant has also 

been used for the treatment of peptic ulcer and as mouth freshener . A reported 5

hypoglycemic activity is probably in relation with its ability to inhibit the α-

amylase activity . These activities were found are probably in relationship with 6

the structure of the phenolic compounds .  7

The aim of this study was to determine and compare phenolic content in 

different subspecies of P. atlantica leaves and evaluate their potential antioxidant 

and antiradical activity. 

   

MATERIAL AND METHODS 

Plant material: The leaves of P. atlantica subspecies were collected from 

different provinces, subsp. kurdica from Baneh, Kordistan province, subsp. 

cabulica from Jiroft, Kerman province and subsp. mutica from Qasemloo Valley, 

West Azerbaijan province from male and female trees in 2010. 

Extraction:  The leaves were air dried in a shadowy place, then ground into 

powder. 1.5 g of the samples was measured into a test tube. 10 ml methanol was 

added to the test tubes then the samples were centrifuged for 20 minutes at 

4000 g. The supernatant was filtered through polyamide filter, transferred into 

vial for analyses. 

Analysis of total phenolic content: The total phenolics were assayed 

colorimetrically by means of the Folin–Ciocalteu method, as modified by 

Singleton & Rossi. (1965). 2 µl phenolic extract, 1ml Folin–Ciocalteu reagent and 

0.8 ml of 1.5% sodium carbonate were mixed well and was kept in the dark under 

ambient conditions for 30 min to complete the reaction. The absorbance of the 

resulting solution was measured at 760 nm in a UV– Vis spectrophotometer 

(model Biowave, WPA S2100, England). The concentration of total phenolic 

compounds was expressed as mg of gallic acid equivalents (GAE) per g of dried 

extract (de), using a standard curve of gallic acid. All measurements were carried 

out in three replicates . 

Estimation of total flavonoid content:  Measurement of total flavonoid 

content in the investigated extracts was determined spectrophotometrically 

according to Jia & al. (1999) , using a method based on the formation of complex 8

flavonoid-aluminium with the absorptivity maximum at 510 nm. 20µl aqueous 

dilutions of samples, in the amount of 1 ml, were mixed with 0.075ml of 

0.5sodium nitrite and incubated at room temperature for 5 min, and then 0.15 ml 

of 10% AlCl3 mixed. After incubation at room temperature for 6 min, the 

absorbance of the reaction mixtures was measured at 510 nm. The flavonoids 

content was expressed as l g of quercetin equivalents (QE) per g of dried extract 

(de), by using a standard graph. All measurements were carried out in three 

repetitions. 

Antioxidant activity: 

Hydrogen peroxide-scavenging activity 
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The hydrogen peroxide-scavenging ability of examined extracts was 

determined according to the method of Ruch & al. (1989) . A solution of H2O2 (43 9

mM) was prepared in phosphate buffer (pH 7.4). 20µl from Examined extracts 

were added to 3.4 ml of phosphate buffer, together with 0.6 ml of H2O2 (43 mM) 

solution. The absorbance value of the reaction mixture was recorded at 230 nm. 

For extracts, a blank sample devoid of hydrogen peroxide was used for 

background subtraction. The percentage of H2O2 scavenging of examined 

extracts was calculated as 

 %of scavenged H2O2= [(A0 – A1)/ A0× 100  

Where A0 is the absorbance of the control (phosphate buffer with H2O2) and 

A1 is the absorbance of the examined extracts. 

DPPH˙ assay 

Radical scavenging activity of extracts was determined using DPPH as a 

reagent Cuendet & al. (1997)  with some modifications. Briefly, 2 mL of 0.004% of 10

DPPH radical solution were mixed with 20µl mL of sample extracts. Finally, the 

samples were incubated for 30 min in the dark at room temperature. Scavenging 

capacity was read spectrophotometrically by monitoring the decrease in 

absorbance at 517 nm using a spectrophotometer. The scavenging capability of 

DPPH radical was calculated using the following equation: 

  % of scavenged DPPH˙ = 100 – [(A1/ A0) ×100 ] 

Where A0 is the absorbance of control and A1 is the absorbance of samples 

and standards. 

Superoxide radical inhibition assay 

For superoxide anion radical assay, the superoxide anion radicals were 

generated by a pyrogallol autoxidation system . A volume of 9 ml of Tris–HCl 11

buffer solution (50 mmol/L, pH 8.2) was added into a test tube and, the test tube 

was incubated in a water bath at 25 ˚C for 20 min. A volume of 40 µL of 

pyrogallol solution (45 mmol/L of pyrogallol in 10 mmol/L of HCl), which was also 

pre-incubated at 25 ˚C, was injected to the above test tube with a microlitre 

syringe and mixed up. The mixture was incubated at 25 ˚C for 5 min and then a 

drop of ascorbic acid was dripped into the mixture promptly to terminate the 

reaction. The absorbance at 420 nm marked as A0 was measured 5 min later, and 

this A0 denotes the speed of pyrogallol autoxidation. The A1 autoxidation speed 

was obtained applying the above method and with the addition of a certain 

concentration of extract into the Tris–HCl buffer solution. Simultaneously, a blank 

control of reagent was obtained as A2. The scavenging percentage was calculated 

according to the following formula : 

 Scavenging percentage = [A0 – (A1- A2)] ×100/ A0 

Nitric oxide radical inhibition assay 

Nitric oxide radical inhibition can be estimated by the use of Griess Illosvoy 

reaction . In this investigation, Griess Illosvoy reagent was modified by using 12

naphthyl ethylene diamine dihydrochloride (0.1% w/v) instead of 1-napthylamine 

(5%). The reaction mixture (3 ml) containing sodium nitroprusside (10 mM, 2 ml), 

phosphate buffer saline (0.5 ml) and extract (50 µl) was incubated at 25 ˚C for 
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150 min. After incubation, 0.5 ml of the reaction mixture mixed with 1 ml of 

sulfanilic acid reagent (0.33% in 20% glacial acetic acid) and allowed to stand for 5 

min for completing diazotization. Then, 1 ml of naphthyl ethylene diamine 

dihydrochloride was added, mixed and allowed to stand for 30 min at 25 ˚C. Pink 

colored chromosphere is formed in diffused light. The absorbance of these 

solutions was measured at 540 nm against the corresponding blank solutions. 

Scavenging percentage = (A0 – A1)100/A1  

Where A0 is the absorbance of control and A1 is the absorbance of samples 

and standards. 

Assay of reducing power 

The reducing power of extracts was determined according to the method of 

Oyaizu (1986). Wild Pistachio leaves methanolic extract (20µl) diluted with 1 ml of 

distilled water, were mixed with 25 ml of 0.2 M phosphate buffer (pH 6.6) and 2.5 

ml of potassium ferricyanide (1%). The mixture was incubated at 50˚C for 30 min. 

Afterwards 25 ml of Trichloroacetic Acid (10%) was added, the mixture was 

centrifuged for 10 min at 1000g. Supernatant (0.1 ml) was mixed distilled water 

(0.5 ml) and 0.5 ml of ferric chloride (0.1%), and the absorbance was read at 700 

nm. Higher absorbance of the reaction mixture indicates greater reducing 

power . 13

FRAP assay  

The working FRAP reagent was prepared according to the method of Varga 

(1998) by mixing Acetate buffer (300 mM, pH 3.6), TPTZ (2, 4, 6-tripyridyl-s- 

triazine) 10 mM in 40 mM HCl and 20 mM FeCl3. 6 H2O in the ratio of 1:1:10 just 

before testing because the working solution must be always freshly prepared. 

The absorbance of these solutions was measured at 595 nm for blank solutions. 

Then this solution mixed with 30µl of the plant extract. The absorbance of the 

reaction mixture was measured at 595 nm after 0 , 4 and 30 minutes. Higher 

absorbance of the reaction mixture indicates greater power for reducing TPTZ 

(Fe+3) to (Fe+2). 

Statistical analysis 

All the assays were carried out in triplicate. The results are expressed as mean 

values and standard error (SE) of the mean or standard deviation (SD) of the 

mean. The differences between the wild pistachio subspecies were analyzed 

using one-way analysis of variance (ANOVA). This treatment was carried out using 

SPSS v. 11.5 programs. 

 

RESULTS 

Total phenolic and flavonoid contents 

The content of total phenolics in each subspecies of  P.atlantica extracts was 

determined spectrometrically according to the Folin–Ciocalteu method and 

calculated as gallic acid equivalents (GAE). Accordingly, the total phenolic content 

of the male trees were significantly higher than that of the females in each 

subspecies as shown in Fig. 1 Fig. 2 and Table 1. These results indicated that the 

methanolic extracts of leaves could be effectively in the free radical scavenging 
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activity. Thus, all extracts were further investigated for their phytochemical 

characteristics and in vitro antioxidant activity. 

 Antioxidant activity 

General 

The antioxidant properties of the examined P. atlantica extracts were 

evaluated, both, as free radical-scavenging capacity (RSC) and as protective effect 

on the power reduction and FRAP assay. 

Free radical-scavenging capacity (RSC) 

The hydrogen peroxide-scavenging activity of wild pistachio male and female 

methanolic extracts were phenol content dependent and in subspecies with high 

phenolic content, spatially male extracts most of the hydrogen peroxide was 

scavenged, as shown in Fig. 3 and Table 2. The rates of hydrogen peroxide 

scavenging of male and female vary among subspecies . 

 In the DPPH˙ assay, the ability of the investigated wild pistachio extracts to act 

as donors of hydrogen atoms or electrons in transformation of DPPH radical into 

its reduced form DPPH˙-H was investigated. All the assessed extracts were able to 

reduce the stable, purple-colored radical, DPPH_, into the yellow-colored DPPH˙ -

H as shown in Fig. 4 and Table 2. 

As shown in Fig. 5, the wild pistachio male and female, spatially male extract, 

with high phenolic content exhibited scavenging capacity  activities towards 

superoxide anion radicals by using a pyrogallol autoxidation system. The 

maximum inhibition percentage was in kurdica (Table 2). This indicates that this 

wild pistachio male extract has a strong inhibition effect on the autoxidation of 

pyrogallol. 

Nitric oxide radical inhibition study proved that wild pistachio male extract is a 

potent scavenger of nitric oxide too (Fig. 6). The maximum nitrite radical 

scavenging percentage was for kurdica male subspecies (Table 1). 

Reducing power 

The reducing capacity of compound may serve as a significant indicator of its 

potential antioxidant activity (Meir & al. 1995). The absorbance values of the 

females extract at different subspecies were found to be less than that of male 

phenolic extract (Fig. 7 and Table 2 .) 

 Ferric- reducing antioxidant power (FRAP) 

In this study we have investigated the antioxidant activity of wild pistachio by 

FRAP assay. As shown in Table 3, the wild pistachio male and female, especially 

male extract, with high phenolic content exhibited strong ability for reducing of 

ferric to the ferrous form. The maximum power reduction was in kurdica, also 

this activity was in time-dependent manner. 

 

Discussion 

 Although most antioxidant activities from plant sources are derived from 

phenolic-type compounds , these effects do not always correlate with the 14

presence of large quantities of phenolics. Therefore, both sets of data need to be 

examined together. With respect to this, the investigated P.atlantica extracts were 
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analyzed for total phenolic and flavonoid contents. Plant phenolics, in general, 

are highly effective free radical scavengers and antioxidants. The results indicated 

that the methanolic extracts of leaves could be effectively in the free radical 

scavenging activity. 

The antioxidant potential of different plant extracts and pure compounds can 

be measured using numerous in vitro assays. Each of these tests is based on one 

feature of the antioxidant activity, such as the ability to scavenge free radicals, or 

the power of reduction. However, a single method is not recommended for the 

evaluation of the antioxidant activities of different plant products, due to their 

complex composition . 15

The RSC was evaluated by neutralization of hydrogen peroxide and by 

measuring the scavenging activity of examined P. atlantica extracts on 2, 2-

diphenyl-1-picrylhydrazyl (DPPH˙), superoxide and nitric oxide radicals. 

Although hydrogen peroxide is a non-free radical species, it is the source of the 

very toxic hydroxyl radical, especially in the presence of metal ions such as 

copper or iron. Also, hydrogen peroxide can cross membranes and may slowly 

oxidize a number of cell compounds. Thus, the elimination of hydrogen peroxide, 

as well as hydroxyl radical, is important for both, human health and the 

protection of pharmaceutical and food systems . I n this study hydrogen 16

peroxide-scavenging activity of the male was higher than of the female in each 

subspecies. Thus, hydrogen peroxide-scavenging activity of wild pistachio male 

and female extracts, spatially males extracts would contribute to their inhibition 

of lipid per oxidation and thereby protect cells from oxidative damage . 

The DPPH radical is one of the most commonly used substrates for fast 

evaluation of antioxidant activity because of its stability (in radical form) and 

simplicity of the assay. All the assessed extracts were able to reduce radical, 

DPPH_ into DPPH˙ -H. 

Biologically, hydrogen peroxide acts as a toxicant to the cell by converting itself 

into hydroxyl radical in the presence of metal ions and superoxide anion and also 

produces singlet oxygen through reaction with superoxide anion or with 

hypochlorous acid (HOCl) or chloramines in living systems. Hydrogen peroxide 

can degrade certain heame proteins, such as heamoglobin, to release Fe ions . 17

We evaluated the scavenging capacity of wild pistachio male and female extract 

towards superoxide anion radicals by using a pyrogallol autoxidation system. 

Pyrogallol can autoxidate fast in alkali conditions and release superoxide anions, 

and, in return, the superoxide anions can accelerate the autoxidation. However, 

the superoxide anions can be scavenged by adding some scavenger or 

antioxidant, the autoxidation will thus be depressed. 

Nitric oxide (NO), being a potent pleiotropic mediator in physiological 

processes and a diffusible free radical in the pathological conditions, reacts with 

superoxide anion and form a potentially cytotoxic molecule, the 'peroxynitrite 

(ONOO˙)'. It protonated form, peroxynitrous acid (ONOOH), is a very strong 

oxidant . The main route of damage is the nitration or hydroxylation of aromatic 18

compounds, particularly tyrosine. Under physiological conditions, peroxynitrite 



Moahammadpour et al., 2015 

 

 
570 October, 2014 

also forms an adduct with carbon dioxide dissolved in body fluid and responsible 

for oxidative damage of proteins in living systems . The nitric oxide generated 17

from sodium nitroprusside reacts with oxygen to form nitrite. The extract inhibits 

nitrite formation by competing with oxygen to react with nitric oxide directly and 

also to inhibit its synthesis. Scavengers of nitric oxide compete with oxygen 

leading to reduced production of nitric oxide . The scavenging of nitric oxide by 19

wild pistachio male and female extracts was in a phenolic content-dependent 

manner. 

For the measurements of the reductive ability, we investigated the Fe3+ to 

Fe2+ transformation in the presence of methanolic extract using the method of 

Oyaizu (1986). The reducing power increased with increasing the phenolic 

content of extract and reducing power was positively correlated with phenolic 

content. Our result indicates that polyphenol present in wild pistachio leaves 

could be partly responsible for the beneficial effects. Compelling evidence 

indicates that increased consumption of dietary antioxidants or fruits and 

vegetables with antioxidant properties may contribute to the improvement in 

quality of life by delaying onset and reducing the risk of degenerative diseases 

associated with ageing. 

The FRAP assay (ferric reducing ability of plasma) evaluates total antioxidant 

power and is chosen to assess the presumable effects of medicinal plants. FRAP 

assay depends upon the ferric tripyridyltriazine (Fe (III)-TPTZ) complex to the 

ferrous tripyridyltriazine (Fe (II)-TPTZ) by a reductant at low pH. Fe (II)-TPTZ has an 

intensive blue color and can be monitored at 595 nm. The literature show that 

FRAP method is sensitive in the measurement of total antioxidant power of the 

fresh biological fluids, such as plant homogenates and pharmacological plant 

products . This activity in wild pistachio male and female extracts was in time-20

dependent manner. 

Conclusions 

The studies to date on Pistacia species suggested that they might be used as 

important natural antioxidant sources. Because, they contain phenolics and 

flavonoids, such as quercetin and α-tocopherol which are used standard 

antioxidant compounds. It could be concluded that studied pistachio male and 

female extracts possessed variable but interesting antioxidant properties. These 

properties were significantly correlated to total phenolics content which was high 

in male kurdica subspecies, this phenolic extract may be helpful in preventing or 

slowing the progress of various oxidative stress-related diseases. However, to use 

the extracts of these phenolic compounds as an antioxidant in foods, methanol 

should be substituted with some harmless solvent, although water is not as 

effective as organic solvents to extract useful compounds from plants by-

products. 

 

REFERENCES 
1. Huang, D., Ou, B., & Prior, R. L. (2005). The chemistry behind antioxidant capacity 

assays. Journal of Agricultural and Food Chemistry. 53: 1841–1856. 



Antioxidant and Antiradical Activities of Phenolic Extracts from … 

2. Kaur, C., & Kapoor, H. C. (2001). Antioxidants in fruits and vegetables – The 

millenium’s health. International Journal of Food Science and Technology. 36:703–

725. 

3. Zohary, M. (1952). A monographical study of the genus Pistacia. Palestine Journal of 

Botany Jerusalem Series. 5: 187-228. 

4. Valipour, P. (1995). Economical investigation of wild pistachio. The first national 

seminar of wild pistachio (Green Pearl). Ilam Research Center of National Resources 

and Animal Consumptions. 4 and 5 November 

5. Delazar, A., Reid, RG & Sarker, SD. (2004). GC-MS analysis of the essential oil from 

the oleoresin of Pistacia atlantica var. Mutica. Chem. Nat. Compd. 40 (1): 24-27. 

6. Hamdan, II & Afifi, FU. (2004). Studies on the in vitro and in vivo hypoglycemic 

activities of some medicinal plants used in treatment of diabetes in Jordanian 

traditional medicine. J. Ethnopharmacol. 93: 117-121. 

7. Benhammou, N., Bekkara, F& Panovska, T. (2008). Antioxidant and antimicrobial 

activities of  Pictacia lentiscus and Pistacia atlantica extracts. African Journal of 

Pharmacy and Pharmacology. 2: 22-28. 

8. Jia, Z., Tang, M., & Wu, J. (1999). The determination of flavonoids content in 

mulberry and scavenging effect on superoxide radicals. Food Chemistry. 64: 555–599. 

9. Ruch, R. J., Cheng, S. J., & Klaunig, J. E. (1989). Prevention of cytotoxicity 

andinhibition of intracellular communication by antioxidant catechins isolated from 

Chinese green tea. Carcinogenesis. 10: 1003–1008. 

10. Cuendet, M., Hostettmann, K., & Potterat, O. (1997). Iridoid glucosides with free 

radical scavenging properties from Fagraea blumei. Helvetica Chimica Acta. 80: 

1144–1152. 

11. Markulund, S & Markulund, G. (1974). Involvement of superoxide anion radical in 

auto-oxidation of pyrogallol and a convenient assay of superoxide dismutase. Journal 

Of .Biochemistry. 47: 469-474. 

12. Garrat, D. C. (1964). The quantitative analysis of drugs (Vol. 3). Japan: Chapman and 

Hall. pp. 456–458. 

13. Gulcin, I., Oktay, M., Kirecci, E., & Kufrevioglu, OI. (2003). Screening of antioxidant 

and antimicrobial activities of anise (Pimpinella anisumL.) seed extracts. Food 

Chemistry. 83: 371–382. 

14. Cai, Y., Luo, Q., Sun, M., & Corke, H. (2004). Antioxidant activity and phenolic 

compounds of 112 Chinese medicinal plants associated with anticancer. Life Sciences. 

74:2157–2184. 

15. Nuutila, A. M., Puupponen-Pimia, R., Aarni, M., & Oksman-Caldentey, K. M. (2003). 

Comparision of antioxidant activities of onion and garlic extracts by inhibition of lipid 

peroxidation and radical scavenging activity. Food Chemistry. 81:485–493. 

16. Siriwardhana, S. S. K. W., & Shahidi, F. (2002).  Antiradical activity of extracts of 

almond and its by-products. American Journal of Oil Chemistry Society. 79: 903–908. 



Moahammadpour et al., 2015 

 

 
572 October, 2014 

17. Saumya, S.M., & Basha, MP. (2011). In vitro evaluation of free radical scavenging 

activities of Panax ginseng and Lagerstroemia speciosa: a comparative analysis, 

international Journal of Pharmacy and Pharmaceutical Sciences. 3:165-169 

18. Malinski, T. (2007). Nitric oxide and nitroxidative stress in Alzheimer's disease. 

Journal of Alzheimer Diseases. 11: 207‐218. 

19. Marcocci, L., Packer, L., Droy-Lefai, M. T., Sekaki, A., & Gardes-Albert, M. (1994). 

Antioxidant action of Ginkgo biloba extracts EGb 761. Methods Enzymology. 

234:462–475. 

20. Gohari, A.R., Hajimehdipoor, H., Saeidnia, S., Ajani, Y & Hadjiakhoondi, A. (2011). 

Antioxidant Activity of some Medicinal Species using FRAP Assay. Journal of 

Medicinal Plants. 10:54-60.  

 

 


