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ABSTRACT 
 

The importance of  function properties of edible nuts in inhibiting and decreasing of arteriosclerosis and 
cancer, and high consumption of these products in Iran, causes that this study investigates some functional 
properties of oils which are obtained from walnut, almond and pistachio in identified varieties of Damavand, 
C.V.B12 and Ahmad aghaee with 4% superiority, respectively. Studied factors were indication and 
measurement of phenolic and tocopherolic compounds by high performance liquid chromatography (HPLC), 
determination of oil oxidative stability in 110 0C, 120 0C and 130 0C by rancimat method, and identification 
fatty acid profile by Gas chromatography. Results showed that phenolic compounds amounts and thermal 
stability decreased in pistachio> walnut> almond, respectively. Walnut oil had the highest levels of tocopherolic 
compounds and pistachio and almond were in the next places. Assessment of fatty acids profile showed that 
pistachio had the highest quantities of saturated fatty acids and walnut had the lowest amounts fatty acids, 
meanwhile almond had the lowest poly unsaturated fatty acids amount and walnut had the highest levels of these 
fatty acids. In addition, almond oil had the highest oleic acid amount and walnut had the lowest oleic acid 
amount. According to data, we can observe that however walnut has high amounts of phenolic compounds, it 
has low oxidative stability in comparison with pistachios oil and almond oil because fatty acid profile has a 
more effective role in oxidative stability of oils. On the other hand, walnut oil has higher nutrition value, 
because it contains higher essential fatty acids quantities and the lowest saturated fatty acids amount. 
 
Key words: pistachio oil, walnut oil, almond oil, tocopherolic compounds, phenolic compounds, thermal 
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Introduction 
 

Vegetarian foods like vegetables, fruits and nuts 
are natural sources of antioxidants, and are able to 
help to prevent some diseases like cancer and 
arteriosclerosis [9]. Nuts are a significant part of 
people’s daily diet, for example Spanish consume 
about 7g edible nuts daily. Researchers’ 
investigations have shown that there is a close 
relationship between consumption of high amounts 
of nuts and reduction bad cholesterol (LDL) [1,10].  

Metabolic reactions which take place in human 
body, form some oxygen radicals include super 
oxide, hydrogen peroxide and hydroxyl radicals. 
Since concentration of these compounds increase 
extremely, they could attack biological molecules 
like lipids, proteins, enzymes, DNA and RNA, and 

can damage mankind health. Oxidative effects of 
different kinds of active oxygen could be minimized 
by consuming of foods which include natural 
antioxidants, flavonoids and other phenolic 
compounds. In fact synergic factors such as bioactive 
molecules in vegetarian foods like nuts are 
responsible for intensifying antioxidant properties 
[3]. Unique properties of nuts are relating to their 
proteins, unsaturated fatty acids, dietary fibres, 
vegetable sterols and some nutrients like tocopherols 
[10]. Moreover, nut oils are presented by some 
parameters such as high amount of monounsaturated 
and polyunsaturated fatty acids and antioxidant 
capacity [5].  

This study has determined and compared some 
nutritional and functional factors include phenolic 
compounds and tocopherols levels, and fatty acids 
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profile, and also measured thermal stability of three 
kinds of edible nuts include walnut, almond and 
pistachio variety of  Damavand, C.V.B12 and 
Ahmad aghaee with 4% superiority, respectively.   
 
Materials and Methods 

 
Walnut (var. Damavand), pistachio (var. Ahmad 

aghaee with 4% superiority) and almond (var. 
C.V.B12) were obtained from Karaj seed and sapling 
center. Chemicals were purchased from Merck Co., 
Germany. 
 
Samples preparation: 

 
Samples were stored in room temperature for 48 

h to eliminate slight amounts of moisture. Next, nuts 
were flayed manually and stored in sealed bags (Poly 
ethylene) at refrigerator. Nuts were milled 
immediately before doing experiments. 
 
Moisture determination: 

 
Moisture was measured according to Iran 

national standard 4291. 
 
Oil extraction: 

 
100 g of each sample were poured in 500 ml 

hexane solvent and were shaken completely for 48 h, 
then were filtrated by Buchner funnel and Wathman 
paper (NO. 41). Filtrates were centrifuged in 5000 
rpm and upper phase was separated. This operation 
was carried out for 3 times. After that solvents were 
removed from filtrated specimens by rotary 
evaporator at 40 °C, and finally nitrogen gas was 
used to eliminate trace amounts of remained solvent 
[4]. 
 
Determination of phenolic compounds by HPLC: 

 
A High-performance liquid chromatography 

(HPLC) (YOUNGLING ACME 9000, The Republic 
of Korea) with (250 mm  4.6mm  4µm) lichrosphe 
C18RP-10 column was used. The isocratic mobile 
phase involved (A) H2O buffered with H3Po4 %0.2 
( ), methanol (B), acetonitrile (C). The flow rate was 

1 mL/min and the volume of injection was 10 µL and 
UV detection was performed at 254 nm (SOG). 
 
Extraction method: 

 
After drying, 2 grams of samples were mixed 

with 50 µl syringic acids as internal standard and 5cc 
methanol-water 20:80 as extracting solvent, and then 
these were shaken hardly for 2 min by a shaker. After 
that specimens were placed in ultrasonic bath for 20 
min and in the next step they were centrifuged in 
6000 rpm for 15 min.  Upper phase was separated 

and samples were filtrated by a 0.45 µm cellulose 
acetate membrane filter and were injected to HPLC 
(SOG). 
 
Determination of toccopherols and toccothree enols 

 
The HPLC condition which was used in 

determination of poly phenols compounds was 
employed for 5 Determination of tocopherols and 
tocothree enols but with the different isocratic mobile 
phase: water, acetonitrile and methanol (47:47:4, 
v/v/v). Determinations of compounds were 
conducted in 294 nm wave length by a UV detector 
[12]. 
 
Extraction method: 

 
Oils samples were dissolved in acetone (1:20 

v/v) and then they were filtrated by a filter (0.45 µm) 
and injected to HPLC [12]. 
 
Identification fatty acids profile with gas 
chromatography: 

 
15 drops of samples were mixed with 7cc 

normal hexane and 2cc methanolic potash (2 molar) 
in a tube, and then placed in 50-55 0C water bath for 
15 min. Fatty acid methyl esters were analyzed by a 
gas chromatography (YOUNGLING ACME 6000, 
The Republic of Korea) with 120 ml length column, 
0.25 mm inner diameter and 0.25 mm thickness. At 
the end, samples were analyzed under following 
conditions: detector in 260 0C with air: hydrogen 
ratio 300: 30, 185 0C oven temperature, 1 mL/min 
gas flow, career gas was  hydrogen and split injection 
mod with 1/100 fission ratio, 250 0C injection 
temperature [16]. 
 
Rancimat test: 

 
This test was performed by using a rancimat 

system (Metrohm model 734, Switzerland), 
according to 3734 Iran national standard at 1100C 
and 20 L/h air flow. 
 
Statistical analysis: 

 
All measurements were carried out two times 

and analyses of variance (ANOVA) of the results 
were performed using MSTATC and SPSS-16 
software. The means obtained from each set were 
compared using the Duncan�s range test at 0.05 
confidence level.  
 
Results and Discussion  

 
Identification and separation phenolic compounds: 

 
According to tables 1, 2 and 3, pistachio oil has 

the highest amount of polyphenolic compounds and 
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walnut and almond are in the next places, 
respectively. Results revealed that prevalent phenolic 
compounds in pistachio oil are di and tri catechin 
isomers and epicatechin, and coerestin was in the 
next place. In walnut which stood at second place 
after pistachio for its phenolic compounds, 
epicatechin and catechin were the highest quantities 
of phenolic compounds. Also the content of 
campferol and after that galocatechin was higher in 
almond oil. Statistical studies showed that there is a 

significant difference between quantities of different 
phenolic compounds in three oil samples (P 0.05). 

Takeoka [14] reported that chlorogenic acid and 
cryptochlorogenic acid are the main phenolic 
compounds in almond oil. On the other hand, 
Yildrim et al., [18] revealed that catechin and cafeic 
acid are the main phenolic compounds in almond oil 
and variety plays an important role in creating these 
differences [14,18]. Tomaino [15] showed that galic 
acid and catechin are the most phenolic compounds 
in pistachio [15]. 

  
Table 1: Almond oil phenolic compounds 

mg/kgPhenolic Compounds 
74.400Catechin 
153.185 Gallo Catechin 
19.715 Gallic acid 
2.660 P-Covmaric acid 
144.530 Chlorgenic acid 
11.155 Quercetin 
212.980 Campferol 
75.820 Campferol isomers 
50.208 Epicatechin 
69.680 Other 
820.480 Total poly phenolic 

 
Table 2: Pistachio oil phenolic compounds    

mg/kg Phenolic Compounds 
254.730Catechin 
93.400Vanilic acid 
40.950P-Covmaric acid 
46.680Ferrulic acid 
94.940 Gallo Catechin 
929.385 Quercetin 
269.390 Epi Catechin 
161.380 Ellagic acid 
1038.970 

catechin ep and 

of isomers Dittri

catechin
 

2969.800 Total poly phenol 
 

Table 3: Walnut oil phenolic compounds    
mg/kg Phenolic Compounds 
9.080 Vanilic 
299Catechin 
4.500Chlorgenic acid 
139.270 Gallo Catechin 
16.100 P-covmaric acid 
5.410 Ferrulic acid 
91.100 Gallic acid 
64.800 Chlorgenic acid 
68 Ellagic acid 
824.940 





isomers 

and 

catechin

nEpicatechi 

240.135 
 









catechin of 
and Dimer  of
gallate 

trimer

catechin

 

1762.340 

Total poly phenol 
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Fig. 1: HPLC chromatogram of polyphenolic compounds in almond oil  

 

 
Fig. 2: HPLC chromatogram of polyphenolic compounds in walnut oil  

 

 
Fig. 3: HPLC chromatogram of polyphenolic compounds in pistachio oil  
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Fig. 4: Total amount of polyphenolic compounds in three oil samples (in percent) 
 
Identification and determination of tocopherolic 
compounds: 
 

Identification of tocopherolic compounds 
obtained by analyzing nut oils, showed that αT3, δ, 
β+γ and α  tocopherols are found in different 
quantities in all three oils samples. Obtained results 
showed that  and  toccopherols are as high as 
twice in pistachio in comparison with other two 
samples, meanwhile almond and walnut oil had 
lower amounts of these kinds of tocopherols, 
respectively. The highest levels of +  toccopherols 

were determined in walnut and then in almond and 
pistachio, respectively. In addition T3 amount in 
pistachio was higher than others. A comparison 
between total tocopherols in three oils samples 
showed that walnut had the highest amounts of 
tocopherolic compounds, and after that pistachio and 
almond had lower quantities of tocopherols, 
respectively. Figures 5, 6 and 7 illustrate the HPLC 
chromatograms and table 4, shows tocopherolic 
compounds in specimens. Statistical analysis showed 

that there is not a significant difference between 
pistachio oil and walnut oil in total tocopherols levels 
(P > 0.05), but there is a significant differences 
between these two samples and almond oil (P < 0.05) 
(figure 8).  

Results obtained by Aranz et al. [2], indicated 
that pistachio oil had highest amount of tocopherols, 
and walnut oil and almond oil had lower tocopherol 
values, respectively [1]. 

On the other hand, KornSteiner et al. [9] 
reported that among walnut oil, almond oil and 
pistachio oil, tocopherolic compounds quantities of 
almond oil was higher and pistachio oil and walnut 
oil had lower amounts of these compounds, 
respectively [9]. 

According to others, some factors like genetic, 
harvesting time, variety, weather conditions, soil 
properties, and sowing method, can cause to some 
differences in nutrition compounds and 
physicochemical properties of oils obtained from 
different varieties [11,17]. 

 
Table 4: Tocopherol amounts in three oils samples (numbers are presented as mg/100gr extracted oil).  

 

  
   

 
Total Tochols Nuts 

0.285 
0.170 
1.240 

1.305 
1.510 
14.640 

0.400 
0.425 
2.460 

19.090 
10.820 
1.540 

21.290 
21.925 
19.880 

Walnut 
Almond 
Pistachio 

 

 T3
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Fig. 5: HPLC chromatogram for almond oil tocopherols 
 

 
Fig. 6: HPLC chromatogram for pistachio oil tocopherols 
 

 
Fig. 7: HPLC chromatogram for walnut oil tocopherols 
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Fig. 8: Tocopherol levels in three oils samples (in percent) 
 
Discussion on fatty acids profile: 
 

Results obtained from analyzing fatty acid 
profile of oils are shown in table 5. It can be 
observed that total saturated fatty acids (palmtic + 
stearic) in walnut oil is 8.7%, in pistachio oil is 
12.28% and in almond oil is 8.95%, so it can be 
resulted that fatty acids quantities in pistachio oil is 
significantly higher than two others, whereas walnut 
and almond oils are very similar. These three oils had 
a significant difference in the amount of oleic acid, it 
can be observed that almond oil with 76.93% had the 
highest quantity of oleic acid, and walnut oil with 
28.39% had the lowest amount of oleic acid. Also in 
walnut oil, polyunsaturated fatty acids (linoleic 

+linolenic) with 61.88% had the highest level and in 
almond oil with 13.6% had the lowest level. 

According to results there was not a significant 
difference between walnut oil and almond oil in the 
amount of misteric acid (C14:0) and palmtic acid 
(C16:0) (P>0.05), whereas both of them had a 
significant difference with pistachio oil (P<0.05). On 
the other hand, there was a significant difference 
between almond oil and pistachio oil in the quantity 
of Margaric acid (C17:0) (P<0.05). 

Significant differences were observed in levels 
of other present fatty acids in the three oil samples 
(P<0.05). 

Results of this study were very similar to Arranz 
et al. [2] and Gecgel et al [6] findings [1,6]. 

 
Table 5: Fatty acids profile of walnut oil, almond oil and pistachio oil (%) 

Pistachio   
 

walnut  almond Fatty acids 

0.100 
11.020 
1.110 
0.020 
0.150 
1.260 
57.090 
27.780 
0.540 
0.180 
0.410 
0.130 
0.800 
0.000 

0.040 
6.500 
0.170 
0.040 
0.030 
2.200 
28.390 
46.290 
15.590 
0.140 
0.220 
0.060 
0.000 
0.033 

0.050 
6.600 
0.000 
0.075 
0.180 
1.895 
76.930 
12.960 
0.100 
0.115 
0.155 
0.700 
0.190 
0.770 

C14:0
 

C16:0
 

C16:1
 

C17:0
 

C17:1
 

C18:0
 

C18:1C
 

C18:2C
 

C18:3C
 

C20:0
 

C20:1
 

C22:0
 

C24:0
 

Other 

 
Discussion on rancimat results: 
 

According to results, walnut oil had lower 
thermal stability than two others and pistachio was 
statistically different with almond oil (P<0.05). 
Moreover, pistachio oil had the highest thermal 
stability in all 1100C, 120 0C and 130 0C 
temperatures and almond oil stood at the second 

place. There was not a significant difference 
(P>0.05) between almond oil and pistachio oil in 120 
0C, and they had a significant difference with walnut 
oil. On the other hand, there were significant 
differences between three oils samples in 110 0C and 
130 0C (P<0.05) (figure 12). Results have confirmed 
the Arranz, S et al. [2] findings [1]. 
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Fig. 9: GC chromatogram for walnut oil fatty acids profile 

 
 
 
 
 
 
 
 
 
 
 
 
 

   
Fig. 10: GC chromatogram for almond oil fatty acids profile 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 11: GC chromatogram for pistachio oil fatty acids profile 
 

 
Fig. 12: Comparing lengths of infusion periods of walnut oil, pistachio oil and almond oil in 1100C, 1200C and  
              1300C 
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Conclusion: 
 

Obtained results from analyzing fatty acid 
profile revealed that, walnut oil contained high 
amounts of polyunsaturated fatty acids and its 
polyunsaturated fatty acids level was significantly 
higher than two others, therefore it is predicted that 
walnut oil is highly sensitive to oxidation and 
reversion taste. Furthermore, oleic acid quantity in 
walnut oil is lower than other two oils. Result from 
assessment of thermal stability of oil samples clearly 
confirmed this fact, and it was in agreement with 
results of analyzing fatty acids. According to results, 
walnut oil had lower thermal stability in comparison 
with other samples and pistachio oil had highest 
thermal stability in all 110 0C, 120 0C and 130 0C 
temperatures. Results of rancimat test in this study 
indicated that fatty acid profile is more effective on 
mentioned nut oils thermal stability in comparison 
with phenolic and tocopherolic compounds profile 
and amount. Pistachio oil had highest polyphenolic 
compounds, and walnut oil and almond oil had lower 
polyphenolic compounds, respectively. Polyphenolic 
compounds were 3.6 times higher than almond oil 
and 2.14 times higher than walnut oil. Additionally, 
polyphenolic compounds amounts in walnut oil were 
2.14 time higher than almond oil. The highest level 
of  +  toccopherols were observed in walnut oil 

and after that in almond oil and pistachio oil, 
respectively. Comparing between total toccopherols 
in three oils samples showed that walnut oil had the 
highest tocopherolic compounds quantities and 
pistachio oil and almond oil were in the next places, 
respectively. Moreover, walnut oil had the bigger 
amount of phenolic and tocopherolic compounds in 
comparison with almond oil but had lower thermal 
stability than almond oil in all three temperatures 
(P<0.05).Analyzing fatty acids in three oil samples 
revealed that pistachio oil had highest saturated fatty 
acids amounts, and walnut oil had lowest level of 
them. On the other hand, polyunsaturated fatty acids 
amounts in walnut oil was significantly higher than 
two others and this explains reversion taste and lower 
oxidation stability in walnut oil, in spite of high 
levels of phenolic and tocopherolic compounds. 
Almond oil was richer in stable oleic fatty acid 
quantity in comparison with two other samples and 
this can explain higher oxidative stability in this oil 
in comparison with walnut oil, despite its low 
phenolic compounds amounts. According to our 
findings it can be resulted that, however walnut oil 
has high amount of 6 and 3 essential fatty acids, 
and low amounts of saturated fatty acids, it has more 
desirable nutrition value. 
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