
 

 

 
 

 

Available online at http://journal-of-agroalimentary.ro 

 

Journal of Agroalimentary Processes and 
Technologies 2018, 24 (2), 124-131 

 

 
Journal of  

Agroalimentary Processes and 

Technologies 

 

 

 

____________________________________________ 

Corresponding author: e-mail: ascientific@aec.org.sy 

 

 

Comparative study on fatty acid compounds of olive oil from 

syrian irradiated and stored olive fruits   

 
Al-Bachir M 

 

1Department of Radiation Technology, Atomic Energy Commission of Syria, Damascus, P.O. Box 6091, Syrian Arab 

Republic. 

. 

______________________________________________________________________________________ 

 

Abstract 

The aim of this study was to assess the effect of gamma irradiation treatment  at doses of 0, 1, 2 and 

3 kGy, storage time of fruits for 0, 30 and 45 days and storage time of oils for 0, 6 and 12 months on 

fatty acid profile of olive oil produced in Syria. Results of this study showed that fatty acid 

composition was different based on irradiation dose and storage time of fruits and oils. Small change 

were observed in saturated, monounsaturated and polyunsaturated fatty acid components due to 

irradiation and storage. However, the changes in fatty acids composition of oil extracted from 

irradiated and stored fruits or oils were sometimes significant (P<0.05). The composition of  fatty 

acids of analyzed oil samples was determined as palmitic acid (C16:0) from 13.25% to 14.60%; 

palmitoleic acid (C16:1) from 0.82% to 1.43%; stearic acid (C18:0) from 2.43% to 3.83%; oleic acid 

(C18:1) 68.95% to 72.64%; linoleic acid (C18:2) 7.65% to 11.93%; Linolenic acid (C18:3) from 

0.41% to 1.09%. The present study demonstrated that the effect of gamma irradiation, fruit and oil 

storage on the fatty acid profile of virgin olive oil (VOO) was minimized.  
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1. Introduction 

Food and its manufacture are currently attracting 

significant scientific and public interest due to 

extensive media coverage of diet-related disease and 

their influence on the health and wellbeing of 

communities [1]. Vegetable  oils are an 

indispensable part of everyday meal in most part of 

the world. Vegetable oils consist of a mixture of 

saturated fatty acids (SFA) and unsaturated fatty 

acids (USFA) such as palmitic (16:0), stearic (18:0), 

oleic (18:1), linoleic (18:2), linolenic (18:3) and 

archidonic (20:4) acids with different percentage, 

and differs from one oil to other [2]. The majority of 

olive oil fatty acid chains contain 16 or 18 carbon 

atoms. Olive oil not only contains oleic acid (18:1), 

but also small amounts of other fatty acids, such as 

palmitic, palitoleic, stearic, linoleic, and linolenic 

acids and squalene [3]. The importance of virgin 

olive oil (VOO) is related to its high levels of 

monounsaturated fatty acids (mainly oleic acid), and 

several antioxidants. Oil with higher 

monounsaturated fatty acids (MUFAs) and lower 

saturated fatty acids (SFAs) are preferred because of 

the proven beneficial effect of MUFAs on serum 

cholesterol levels [4, 5]. Although fatty acids are 

relatively similar in structure, there are some 

variation that have a strong influence on the 

properties [6, 7]. Fatty acids having less than 10 

carbon atoms are liquids, and those having more 

than 10 carbon atoms are solids [2].  

During ripening, olive fruit changes in terms of 

chemical composition. These changes also affect the 

oil composition; changes in fatty acids have been 

described during olive ripening [8]. Fatty acid 

composition has been shown to influence the 

stability of oils, and polyunsaturated fatty acids have 

been found to contribute to the rancidification of 

several oils [9]. 
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Food irradiation is proven to be the best technology 

in eliminating disease-causing pathogens from raw 

food products [10, 11]. Gamma irradiation at 

medium dose can be applied for improving the 

microbiological safety of raw food products [11]. 

Ionizing irradiation can chemically modify foods at 

high dosage, especially under aerobic conditions 

[12]. Lipids, including unsaturated fatty acids, are 

easily decomposed, saturated and isomerized by 

gamma irradiation [13, 14]. Alfaia et al. (2007) [15] 

showed that cis/trans conjugated linoleic acid 

decreased by irradiation. Additional, Hammer an 

Wills (1979) [16] reported that polyunsaturated fatty 

acids were destroyed in various oils in response to 

irradiation. Although irradiation has been found to 

be a useful process to increase the longevity of 

several agricultural products [17-19] but the effect of 

gamma irradiation and storage time on the fatty 

acids of olive oils produced or marked in Syria or in 

the regional countries has not been investigated. 

Therefore, this study investigated some changed 

induced in fatty acid profile of olive oil due to 

gamma irradiation and storage time of fruit and oils. 

2. Materials and methods 

The studied olive cultivar was Kaissy, the most 

widespread in Syria. The olive fruits of good quality 

and in the mature firm condition were harvested in 

the crop year 2008/2009, from the trees grown in 

grove located at Deer Al Hajar research station, 

southeast Damascus, Syria (33o 21´ N, 36o 28´ E) at 

617 m above sea level, under conventional 

agriculture practices. Then olive fruits were weighed 

as in the sampling plan and transferred into 

polyethylene pouches for irradiation. Each pouch of 

olive fruits (1 kg) was considered as a replicate. The 

samples were then divided into four groups: group 1 

(control) and groups 2, 3 and 4 were irradiated with 

1, 2 and 3 kGy of gamma irradiation. 

2.1. Irradiation treatments  

Samples of olive fruits were exposed to gamma 

radiation at doses of 0, 1, 2 and 3 kGy in a 60CO 

package irradiator (ROBO, Techsnabexport, 

Moscow, Russia). Irradiation was carried out in the 

stationary mode of operation with the possibility of 

varying dose rate (10.846 to 3.921 kGy h-1) 

depending on the location and the distance from the 

source (10 to 40 cm).  

 

 

The samples were irradiated at place (15 cm from 

source) with a dose rate of 9.571 kGy h-1. The 

irradiations were carried out at room temperature (20 

– 25 oC) and atmospheric pressure. The absorbed 

dose was determined using alcoholic chlorobenzene 

dosimeter [17]. 

2.2. Oil extraction  

The oils from control and irradiated olive fruits were 

extracted from olives stored at ambient temperature 

for 0, 30 and 45 days after irradiation using a 

mechanical and physical processes [20]. Olive fruits 

were crushed with hummer crusher and slowly 

mixed for about 30 min at 27 oC, Then, the past 

mixed was centrifuged at 3000 rpm for 3 min 

without addition of water to extract the oil. Finally, 

the oils were decanted and immediately transferred 

into dark glass bottles and stored at room 

temperature (20 – 25 oC). Fatty acid determination 

analysis of oils extracted from irradiated and non-

irradiated olive fruit samples were performed 

immediately after irradiation, and after 6 and 12 

months of storage.  

2.3. Fatty acids (FA) determination  

The fatty acid methyl esters (FAME) were prepared 

[11]. The fatty acids (FAs) profile was determined 

by gas chromatography in a GC- 17 A Shimadzu 

chromatograph (Shimadzu Corp., Koyoto, Japan) 

equipped with a flame ionization detector and a 

capillary column (CBP20-S25- 050, Shimadzu, 

Australia). The selected chromatographic conditions 

were; oven temperature 190 oC, detector temperature 

250 oC, injector temperature 220 oC; N2 was used as 

a carrier gas with split ratio 29:1, the sample volume 

injected was 1 μl. Peak areas were integrated and 

converted to FA percentages (direct area 

normalization) by means of the CLASS – VP 4.3 

program (Shimadzu Scientific Instruments, Inc., 

Columbia, MD). The FA identification was carried 

out by retention times and by addition of standards. 

2.4. Statistical analysis 

The four treatments were distributed in a completely 

randomized design with three replicates. Data were 

subjected to the analysis of variance test (ANOVA) 

using the SUPERANOVA computer package 

(Abacus Concepts Inc, Berkeley, CA, USA; 1998). 

The p value of less than 0.05 was considered 

statistically. The degree of significance was denoted 

as: p<0.05*, p<0.01** [21]. 
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3. Results and discussion 

3.1. Effect of storage time on fatty acid profile of 

olive oil  

Olive oils samples obtained from the olive fruits that 

stored at ambient temperature for 0, 30 and 45 days 

before extraction, and from oil that stored for 0, 6 

and 12 months after extraction were analyzed for the 

composition of fatty acids using gas 

chromatographic methods. The mean FAME 

composition of a total of 54 samples of the oils from 

both irradiated and stored fruits is shown in Table 1. 

The palmitic acid (C16:0), palmitoleic acid (C16:1), 

stearic acid (C18:0), oleic acid (C18:1), linoleic acid 

(C18:2) and Linolenic acid (C18:3) of oil extracted 

from olives immediately after harvest (at day zero) 

were 13.92, 1.18, 2.87, 70.47, 10.87 and 0.69%, 

respectively. The results from this study, showed 

that the behavior of those fatty acids did not present 

a general trend and only slight differences, but 

sometime significant (p<0.05) have been found 

between the mean values observed for each analyzed 

samples (treatments). However, the palmitic, 

palmitoleic, stearic, oleic acid, linoleic and Linolenic 

acids were significantly (p<0.05) changed by storage 

time of olives. While only the palmitoleic and  

linoleic acids were significantly (p<0.05) changed 

by storage time of oils. The percentage of the fatty 

acids in the 54 analyzed samples ranged from 13.81 

to 14.47% for palmitic acid (C16:0), from 0.83 to 

1.43% for palmitoleic acid (C16:1), from 2.56 to 

3.68% for stearic acid (C18:0), from 68.99 to 

72.38% for oleic acid (C18:1), from  8.11 to 11.79 

% for linoleic acid (C18:2), and from 0.48 to 1.09% 

for linolenic acid (C18:3) (Table 1). These value fall 

within the recommended International Oil Council 

for olive oils (IOC, 2015) [22]. Similar results were 

reported for fatty acid profile of virgin olive oils 

(Bajoub et al., 2015) [23]. Generally, olive oil 

contains 9.48-15.60% palmitic acid (C16:0), 0.67-

1.40% palmitoleic acid (C16:1), 1.71-3.63% stearic 

acid (C18:0), 67.43-78.44% oleic acid (C18:1), 4.67-

15.10% linoleic acid (C18:2), 0.03-1.15% linolenic 

acid (C18:3)  and 0.17-0.90% arachidic acid (C20:0) 

(Sakar et al., 2014) [24]. Olive oil differs from the 

other vegetable oils by its high content in 

monounsaturated fatty acids (18:1, 16:1) and 

relatively low polyunsaturated acids (18:2, 18:3) 

[25]. The fatty acid composition of olive oil has 

been frequently used to group olive oil according to 

the cultivar of origin [26].  

Tanilgan et al. (2007) [27] reported that fatty acids 

content of Turkish olive oil samples collected from 

five cultivar, oleic acid (65.7-83.6%) was present in 

the highest concentration followed by palmitic (8.1-

15.2%), Linoleic (3.5-15.5%), stearic (2.0-5.6%), 

and linolenic (0.1-3.0%). The allowable fatty acids, 

according to the national and international 

regulations, ranges for extra virgin olive oil edible: 

(Palmitic (C16:0) (7.5-20.0%); Palmitolic (C16:1) 

(0.3-3.5%); Stearic (C18:0) (0.5-5.0%); Oleic 

(C18:1) (55.0-83.0%); Linoleic (C18:2) (3.5-

21.0%); Linolenic (C18:3) (<1.0%); Arachidic 

(C20:0) (<0.6%); Gadoleic (C20:1) (<0.4%) [22]. 

The results are well within the IOC standards, 

implying that all oils sampled were of extra virgin 

quality [22]. 

3.1. Effect of gamma irradiation on fatty acid 

profile of olive oil  

The composition of saturated, monounsaturated and 

polyunsaturated  fatty acids of oil separated from 

non-irradiated and irradiated olive fruits under 

investigation that obtained by gas chromatography 

are listed in Table 2, 3 and 4, respectively. As shown 

in Tables, at all used irradiation doses and at all 

extracted and stored times of fruits and oils, small 

change were observed in saturated monounsaturated 

and polyunsaturated  fatty acids components, but 

this small changes in fatty acids composition were 

sometimes significant (P<0.05). However, at day 

zero of fruit harvest and at month zero of oil storage, 

irradiation at 3 kGy significantly (p<0.05) increased 

the percentage of palmitic acid (C16:0) and Linoleic 

acid (C18:2). 

The mean total saturated fatty acid (SFA), total 

unsaturated fatty acids (USFA) and the values of un-

saturated/saturated index (USFA/SFA) of olive oils 

samples obtained from irradiated and non-irradiated 

olive fruits that stored at ambient temperature for 0, 

30 and 45 days before extraction, and from oil that 

stored for 0, 6 and 12 months after extraction is 

shown in Table 5. Lipids of the olive oil samples had 

high content of unsaturated fatty acids (UFA) ranged 

from 81.59 and 84.02%, and low content of 

saturated fatty acids (SFA) ranged from 16.01 to 

18.41%. Meanwhile, the values of un-

saturated/saturated index (USFA/SFA) ranged from 

4.43 to 5.21 (Table 5). 
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Table 1. Effect of storage period on fatty acids content (%) of Olive oil. 

 
       abc Means values in the same column not sharing a superscript are significantly different. 
       ABC Means values in the same row not sharing a superscript are significantly different. 

     NS: not significant. * Significant at p<0.05.  ** Significant at p<0.01. 

Table 2. Effect of gamma irradiation and storage period on saturated fatty acids (%) (palmitic (C16:0) and stearic 

(C18:0) acid content) on olive oil. 

 
abc Means values in the same column not sharing a superscript are significantly different. 
ABC Means values in the same row not sharing a superscript are significantly different; NS: not 

significant; ** Significant at p<0.01. 
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Table 3. Effect of gamma irradiation and storage period on monounsaturated fatty acids (%) (palmitoleic (C16:1) and 

oleic (C18:1) acids content) on olive oil. 

 
abc Means values in the same column not sharing a superscript are significantly different. 
ABC Means values in the same row not sharing a superscript are significantly different. 

NS: not significant; ** Significant at p<0.01 

Table 4. Effect of gamma irradiation and storage period on polyunsaturated fatty acids (%) (linoleic (C18:2) and 

Linolenic (C18:3) acids content) on olive oil. 

 
abc Means values in the same column not sharing a superscript are significantly different. 
ABC Means values in the same row not sharing a superscript are significantly different. 

NS: not significant; ** Significant at p<0.01. 
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Table 5. Effect of gamma irradiation and storage period on total saturated fatty acids (SFA), unsaturated fatty acids 

(USFA) and (USFA/ SFA) of olive oil. 

 
abc Means values in the same column not sharing a superscript are significantly different. 
ABC Means values in the same row not sharing a superscript are significantly different. 

NS: not significant. 

* Significant at p<0.05. 

** Significant at p<0.01. 

The high level of UFA in these oil was due to their 

high levels of oleic acid. This showed that these oil 

are good source of UFA, mostly MUFA with oleic 

acid (an essential fatty acid) being the most 

abundant (around 70 %). Oleic acid is the most 

important essential fatty acid for it must be got from 

food [28].  

It was shown that monounsaturated- rich diet 

reduced the susceptibility of low density lipoprotein 

peroxidation and may be of therapeutic value in the 

treatment of hypervholestrolemia [1]. 

As shown in Table 5, irradiation at 2 kGy 

significantly (p<0.05) increased the percentage of 

the total unsaturated fatty acids (USFA) and 

decreased the percentage of total saturated fatty 

acids (SFA). Our results are in agreement with other 

studies which, observed that, at low irradiation 

doses (1 and 3 kGy), small change were observed in 
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saturated and unsaturated fatty acids components, 

but the changes in fatty acids composition of oil 

extracted from irradiated pumpkinseeds were not 

significant (P<0.05) [28]. Chen et al. (2007) [13] 

evaluated the effects of gamma ray irradiation of the 

muscles of Chinese Yellow Cattle at ranges of 1.13 

– 3.17 kGy. They found that the level of total 

saturated fatty acid (SFA) and monounsaturated 

fatty acid (MUFA) increased with irradiation, while 

the ratio of MUFA to SFA were unchanged. On the 

other hand, the level of total polyunsaturated fatty 

acids (PUFA) was reduced with irradiation. It was 

estimated that, the reason for the increase in 

saturated fatty acids, and decrease in un-saturated 

fatty acids during the irradiation exposure was 

because of molecular structure change in fatty acids, 

the breaking of dual links and radicals and trans 

fatty acids turning to free condition [29]. 

The balanced diet ratio of polyunsaturated : 

monounsaturated : saturated fatty acids is 1:2:1, the 

olive oil is about 0.5:5:1, while the value of the seed 

oils of about 5:2:1. From the above relations of fatty 

acid in olive oil, its stability and resistance against 

oxidation change are derived, taking into account 

that the degree of oxidation of linoleic acid to be ten 

times higher than oleic acid [30]. Changes in the 

ratio of unsaturated/saturated fatty acids affect 

organoleptic properties of olive oil, so as with a 

high content of saturated fatty acids is more viscous 

and remains longer in contact with mucous 

membrances of the oral cavity, giving rise to the 

fatty defect [31]. 

4. Conclusion 

The results of this study demonstrated that the 

studied olive oil (OO) obtained from cultivar 

(Kaissy) in Syria shows the best fatty acid 

composition with low palmitic acid, which is the 

major saturated fat and they have high levels of 

mono- unsaturated fat and they have high levels 

of mono-unsaturated oleic acid. The value of 

USFA//SEA index which is associated to the 

impact in the human health is also high ranging 

from which makes them the most suitable edible 

oils for mass consumption. The present study 

demonstrated that the effect of gamma irradiation 

treatment on the fatty acid profile of VOO was 

minimized when the irradiation doses of 0, 1, 2 

an3 kGy were used.  
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