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Abstract
In Jordan there are different environments and altitudes that have an effect on olive oil properties and fatty acid
composition, which therefore affect its quality. Taking into account that there are no previous similar studies in
this field, this study investigates the ratios and composition of the main fatty acids in mixed olive oil from
different areas in Jordan (above and below the sea level); namely the Jordan Valley, Subaihi, Kufranja and
Madaba areas where the elevation ranges between (-230 m) below sea level and (+785 m) above sea level. The
study measures the impact of the location of olive orchards on the fatty acid composition of olive oil and of its
quality. Three olive oil samples were collected from the “Nabali Muhasan” and “Baladi” varieties from each area.
They were analyzed in the National Agriculture Research Center (NARC) laboratories using GAS
Chromatography. The results showed that the ratios of fatty acids are significantly affected by the degree of
above elevation of the olive trees sea level. This confirms the impact of the geographical and climatic
environment, which is reflected on the olive oil quality due to differences in the ratios of fatty acids in the four
planting areas. This shows that the mean concentration of the fatty acids in the olive oil in these four planting
areas is not equal. In general, there is a significant difference in the fatty acid concentrations compared to the
standard concentration because of the planting location of olive trees, given that olive oil fatty acids in each
location work together in a balanced integrative relationship.
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1. Introduction
Jordan has a Mediterranean climate with hot, dry summers, and cool, wet winters. However, about 75% of the
country has a desert climate with annual rainfall of less than 200 mm. Jordan can be divided into three main
geographic and climatic areas: the Jordan Valley, the Mountain Heights Plateau, and the eastern desert, or Badia
region. The Jordan Valley, known in Arabic as the Ghor, is the most fertile area. It extends from the northern
border (212 meters below sea level) down to the Dead Sea (at 407 meters below sea level), while the highlands
separate the Jordan Valley and its margins from the plains of the eastern desert. This region extends the entire
length of the western part of the country. These areas receive Jordan’s highest rainfall, and are the most richly
vegetated in the country. Elevation in the highlands varies considerably, from 600 meters to about 1,500 meters
above sea level, with temperature and rainfall patterns varying accordingly (Jordan, n.d.).
The olive tree in the Hashemite Kingdom of Jordan is spread in intermittent areas where it has been shown
(NARC, 2005) that the cultivated areas are equivalent to 52% of the area planted with fruit trees. In these areas
cultivation the trees has many advantages as withstand drought and poor soils. They are the most economical of
the fruit trees, and make a significant economic contribution to food security add to their economic as well their
significant contribution through their products to food security. Recent research has shown that the production of
oil and fruits, as all fatty substances give 9 calories thermal value per 1 gram of olive oil (Khaddam, 2011).
To illustrate the importance of the oil produced by this tree, it has been found that in the last ten years global
consumption of olive oil has increased, especially in countries that do not include this oil in their diet (Uccella
2001). The increased demand for its dietary use is not only due to enjoying the qualities required in terms of
flavor, taste and color (Alamo et al., 2002), but also to its high nutritional value and numerous health benefits
(Fogliano & Vitaglione, 2002). The quality and value of olive oil depends on different factors including: variety,
soil management, climatic conditions, health of the fruit, degree of maturity, method of fruit harvesting and
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transportation and handling (Šarolić et al., 2014; Freihat et al., 2008). In addition to its sensory properties , virgin
olive oil contains the required proportions of fatty acids, that make olive oil almost unique as the proportions and
the ratios of fatty acids are greater than different types of vegetable oils.
Olive oil is very rich in monounsaturated fatty acid (oleic acid), in addition to other unsaturated fatty acids
(Linoleic and Linolenic) (Salvador et al., 2003). Hakan et al. (2017) found that the elevation of the location has
an effect on oleic acid, linoleic acid, palmitic acid and stearic acid, which are the main fatty acid components of
olive oils. They also found that fatty acid composition had a high correlation with the elevation and the degree of
slop. The degree of fusion of olive oil is low compared to other rich vegetable oils and fats as far as saturated
fatty acids are concerned. In addition, olive oil is less prone to tingling and oxidation and, compared with
vegetable oils, rich in polyunsaturated fatty acids. There is a possibility that oxidation of oils rich in
polyunsaturated fatty acids is hundreds of times greater. Oils rich in single acids are unsaturated. Olive trees
differ in the content of their components, especially for these fatty acids. Much research in the world for the
characterization of olive varieties depends on the ratios of fatty acids (Baeten et al., 1998; Leon et al., 2004), as
fatty acid is a genetic characteristic closely related to the class or model ,especially palmatic and oleic acid (Dhifi
et al., 2002). Some research has been undertaken adopted on this scale with descriptive evidence, such as fruit
traits (Bassi et al., 2002; Fourati et al., 2001). Fatty acid ratios in olive oil are affected by several factors
identified in some studies: cultivars (17%), maturity (30%), pressing method (20%) and harvesting method
(10%) and also the period between harvest and fruit pressing (20%), (Acar & Ersoy, 1991). Some such as
linoleic acid and oleic acid are also affected, by the conditions in the planted area (Onemli, 2012; Arslan et al.,
2013) as this study investigates. This research aims to study the composition of olive oil fatty acids, and their
proportions in different samples of olive oil collected from sites at different elevations in Jordan.
2. Materials and Methods
2.1 Samples Collection
Olive oil samples (a mixture of several varieties) were collected from 4 areas in Jordan with different elevations
(3 samples for each site, a total of 12 samples), namely: the Jordan Valley (-230 m below sea level), Kufaranja
(+680 m above sea level), Al-Subaihi (+490 m above sea level) and Madaba (+785 m above sea level). Olive oil
samples were collected in early November during the cropping season 2014/2015, and were then stored in a dark
atmosphere at 4 °C. They were then sent to the NARC to conduct the analysis of the fatty acid composition of
these samples.
2.2 Method of Chemical Analysis
The ratios and composition of fatty acids in olive oil were determined in the olive oil laboratory, where they
were analyzed for the collected olive oil samples according to COI/T.20/Doc. No. 24 (2001), based on
international commercial specifications of olive oil issued by The International Olive Council (IOC), using a gas
chromatography device (GC) Type Shimadzu 2010, which separates fatty acids and determines their types and
proportions through methyl derivatives.
Seven (7) ml of each oil sample was placed in the test tube and mixed with 0.2 ml of HEPTAN. The resulting
mixture underwent a strong shaking process, then 0.2 ml of methanolic potassium hydroxide (2N) solution was
added. After that it was well fixed and covered with teflon, then well shaken for 30 seconds to form methyl
esters. The solution was then left until it stabilized, when the top of the solution became completely clear. Methyl
esters were poured here, then separated and evaluated for fatty acids after they had been placed in the refrigerator
for no more than 12 hours, and injecting them into a Gas chromatography (GC) device. The results of fatty acids
then were expressed as a percentage using the software accompanying the device Chromatography which has
been reported in the Appendix A. The data measured was analyzed using the SPSS program and ANOVA table.
3. Results and Discussion
3.1 Fatty Acids Study
The percentage of Fatty acid composition has an important role both in determining olive oil stability during
storage and also its nutritional value (Mailer, 2001). Table 1 shows that the ratios of the major fatty acids in olive
oil; oleic, palmetric, linoleic, linolenic and steric acid are within the international and local standards limits for
olive oil set by the International Olive Council (IOC,2015), and these values are slightly different depending on
the area elevation. Šarolić et al. (2014) report on the quality and biological value of olive oil, consisting of fatty
acid composition, the ratio of polyunsaturated to saturated fatty acids, the ratios of omega fatty acids and the
amount of total phenols. Oleic fatty acid (single unsaturated) is the main and most important acid in olive oil
composition (Eromocele, 2002; Šarolić et al., 2014). It gives the olive oil its characteristics for conservation and
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storage for a long time as compared to other vegetable oils, and increases its nutritional value (Mailer, 2001;
Jawad et al., 2002). It helps to form emulsions in the gastrointestinal tract and promotes bile channel secretions,
while the main role of olive oil is to regulate the level of cholesterol in blood and reduce heart diseases because it
contains a high percentage of single-saturation acids and polyphenols (Wahrburg et al., 2002). The mean values
of this fatty acid ranged between 67.72% and 54.76% in both Kufranja and the Jordan Valley, respectively, which
was similar to those obtained by Gulfraz (2009) in Pakistan. On the other hand, Freihat et al’s (2008) results
showed that saturated fatty acids (palmitic, stearic, and arachidic) and unsaturated fatty acids (palmitoleic, oleic,
linoleic, and linolenic) were influenced by harvesting dates and altitude, whereas palmitoleic acid was not
affected at low altitude.
Table 1. Average rate of fatty acids (%) in olive oil samples in all studied areas
Fatty Acids
C14:0
C16:0
C16:1
C17:0
C17:1
C18:0
C18:1
C18:2
C18:3
C20:0
C20:1
C22:0
C24:0

Meristic A.
Palmatic A.
Palmatiolic A.
Heptadcanwick
Heptadsenwick
Stearic A.
Oleic A.
Linoleic A.
Linolenic A.
Aracidic A.
Gadiolic A.
Bhenic A.
Alginoseric A.

Average % of the Main Fatty Acids in the studied areas*
Madaba (+785 m) Subaihi (+490 m) Kufranja (+680 m) Jor. Valley (-230 m)
0.01
0.02
0.01
0.03
16.74
13.29
14.29
18.4
1.38
0.9
0.8
1.57
0.07
0.18
0.18
0.16
0.07
0.21
0.23
0.20
2.39
3.65
3.33
3.26
61.87
64.23
67.72
54.76
15.89
15.55
11.75
19.40
0.81
0.9
0.78
1.24
0.41
0.55
0.48
0.57
0.21
0.34
0.29
0.26
0.02
0.04
0.01
0.05
0.10
0.11
0.09
0.11

Fatty Acid Standard
0.03
7.5-20
0.3-3.5
0.3
0.3
0.5-5.0
55-83
2.5-21
1
0.6
0.4
0.2
0.2

Note. * The Average of 3 samples.
Olive oil samples of the Kufranja area show a significant positive advantage for the rest of the studied areas in
terms of the high percentage of oleic acid in its olive oil. Results also confirm the differences between the
studied samples in terms of their content of these acids as we have observed, which are based on the
environment differences among the studied areas where olive trees are planted, which are consistent with
Sedgley’s (2002) study of the wild model in South Australia.
Percentages of palmitic acid in the studied olive oil samples ranged between 13.29% and 18.4% for the Subaihi
and Jordan valley areas respectively, and these exceeded the rest. Linoleic and linolenic fatty acids are essential
fatty acids that the human body is unable to manufacture and which enter into the cellular membranes and
regulate the metabolism of cholesterol in the body. It is desirable that these are in table olives; but they are not
suitable for storage, especially linolenic acid, because they are unsaturated fatty acids (Mailer, 2001). However,
Freihat et al. (2008) found that oils produced at higher altitude have higher ratios of unsaturated to saturated fatty
acid as compared to those at lower altitude. Many unsaturated fatty acids compounds are known to be unstable.
When they oxidize they will form compounds known as free radicals that interact with the body wherever they
found. However, the presence of antioxidants—phenols and tocopherols—reduces their effect (Kalua, 2005).
Therefore, according to the data in Table 1, the olive oil samples of the Jordan valley are more susceptible to
oxidation, due to the increase in the percentage of unsaturated fatty acids (in total) especially in the presence of
oxygen, high temperatures and light and therefore they are less susceptible to storage than the other studied
samples. At the same time while the values of stearic acid also ranged between 2.39% and 3.65%, which is
relatively high compared to that of some other olive oil producers in the world (Stefanoudaki et al., 1999;
Al-Okaby, 2015).
4. Conclusions
(1) Different ratios of fatty acids in olive oil based on different elevation sites from sea level lead to a great
diversity in the quality of the olive oil.
(2) High elevation olive oil such as that from the Kufranja area, is of good quality and is characterized by long
conservation and storage periods as compared with other oils, thus preserving its physical and chemical
properties and high nutritional value.
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(3) While olive oil produced below sea level such as in the Jordan Valley area is the most desirable oil on the
table but it has the lowest quality of the four sites, and it is the most vulnerable to oxidation and has low storage
ability.
(4) Taking the output results concerning quality issues into consideration, it is preferable not to plant more olive
trees in the Jordan Valley areas.
(5) The relationship between ratios of the main fatty acids of olive oil is a balanced integrative relationship.
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Appendix A
ANOVA Table of the experiment

Madaba * Standard

Subaihi * Standard

Kufranj * Standard

Ghor * Standard

Between Groups
Within Groups
Total
Between Groups
Within Groups
Total
Between Groups
Within Groups
Total
Between Groups
Within Groups
Total

(Combined)

(Combined)

(Combined)

(Combined)

Sum of Squares
3600.839
.004
3600.843
3790.667
.003
3790.670
4172.807
.005
4172.811
2959.850
.003
2959.852

df
10
2
12
10
2
12
10
2
12
10
2
12

Mean Square
360.084
.002

F
191760.672

Sig.
.000

379.067
.002

223711.484

.000

417.281
.002

182973.250

.000

295.985
.001

232651.933

.000
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