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ABSTRACT 
 
 This research was carried out to threw the light on the quality evaluating of some Libyan virgin olive oil 
(VOO) varieties (Gargashi, Nab-Elgamal and Oscolana) in comparison with the refined pomace olive oil 
(RPOO) for the same olive varieties in terms of the quality and extent of the corresponding with international 
standards for olive oil in terms on the physico-chemical characteristics, the fatty acids composition, antioxidants 
components that affect the stability of these oils and their suitability for the health of the consumer such as 
tocopherols content and total phenolic compounds as well as polyphenols composition and sterols fractionation. 
The results indicated that, both virgin olive or pomace olive oils are considered identical to the standard 
specifications, which are found to be within the permissible levels in all terms of physical and chemical quality 
charecteristics reported by International Olive Oil Council (IOOC) trade standards. The current results indicated 
that, all the tested olive oil samples containing a considerable amount of both total polyphenols and tocopherols 
(as α-tocopherol), which were found in a much lower amounts for RPOO varieties than that the corresponding 
compounds found in VOO varieties. Also, from the obtained data, it could be observed that oleic acid (C18:1) 
was the predominant fatty acids, followed by linloeic and palmitic acids in all tested olive oil samples. In 
addition, 13 of polyphenol compounds were identified; the most predominant of them were both tyrosol and 
hydroxytyrosol in all tested olive oil varieties, especially in VOO Gargashi variety. Moreover, β-sitosterol, 5-
avenasterol, campesterol and stigmasterol were the common phytosterol identified in all tested olive oil. 
Furthermore, the most abundant phytosterol was β-sitosterol, which accounted ranging from 72 to 80% 
approximately, followed by 5-avenasterol in all tested olive oil samples.   It could be concluded that the Libyan 
olive oils of both VOO and RPOO varieties containing a considerable amounts of antioxidant compounds such 
as phenolic and tocopherol compounds which important contributions to the nutritional properties, sensory 
characteristics, and the shelf life of olive oil, also phytosterol components, which are important manifested 
through the exhibition of certain health benefits as hypocholesterolemy, anti-inflammatory and anti-
carcinogenic effects, especially β-sitosterol. In addition, Libyan varieties of tested virgin olive or pomace olive 
oils are considered identical to the standard specifications, which are found to be within the permissible levels in 
all terms of the international physical and chemical quality charecteristics. 
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Polyphenols. 
 
Introduction 
 
 Fats are not only indispensable to life as an energy source but also for their structural role in the skin, retina, 
nervous system, lipoproteins, and biologic membranes. Fats are also precursors of important hormones and 
constitute the vehicle for the absorption of liposoluble vitamins. In view of this, their incorrect use can lead to 
serious illness such as atherosclerosis and malignancies (Viola and Viola, 2009). 
 The olive tree (Oleo europaea) is widely cultivated for the production of both oil and table olives and is of 
significant economic importance. During olive growth, a number of physical and chemical changes occur, many 
of which are important for the production of both olives and olive oil (Menz and Vriesekoop, 2010). Olive oil is 
a key component of the traditional Mediterranean diet, which is believed to be associated with a relatively long 
life in good health. Virgin olive oil is unique amongst other vegetable oils because of the high level of particular 
phenolic compounds, to which, together with the high content of unsaturated fatty acids, the health benefits of 
virgin olive oil are attributed (Visioli and Galli, 1998). Virgin olive oil is consumed unrefined, although a great 
proportion of the olive oil produced has to be refined to render it edible. Refining treatments are needed to 
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remove or reduce the content of minor substances that may affect oil quality, such as phospholipids, FFA, 
pigments, peroxides, traces of metals, herbicides and volatile components. Phenolic compounds are among the 
substances eliminated during the different refining steps (Abd El-Salam et al., 2011). 
 Extra virgin olive oil is becoming increasingly more relevant in the diet due to its beneficial effects on 
human health. Some of these effects are associated with extra virgin olive oil content (Owen et al., 2000 a). 
Olive oil is considered as one of the best sources of fatty acids and the natural antioxidants, e.g. polyphenols, 
tocopherols. The nutritional properties, the excellent taste and aroma of olive oil are high valued for their 
positive effect on human health. Olive oil is consisted of monounsaturated, polynsaturated and saturated fatty 
acids mainly in the form of esters with glycerol (triacylglycerols), which constitute more than 98% of the olive 
oil total content. Important minor components in olive oil are sterols, (β-sitosterol is the preponderant 
phytosterol species), hydrocarbons (rich in squalene), polyphenols (extra virgin olive oil contains more than 20 
phenolic compounds in addition to the hydrolysis products of oleuropein and ligstroside), volatile compounds 
(mainly the secondary oxidation products), terpenols and terpenic acids (Dais  and Hatzakis, 2013). 
 Olive oil has an extraordinary economic and social importance in the Mediterranean Basin, especially in 
Spain and Italy, which are the main producers of this oil in the world. The costs associated with olive harvesting 
and oil extraction are very high. Therefore, it is essential to obtain good use of all the products derived from the 
olive grove to make cultivation profitable. Minor compounds are of great importance in the final composition of 
olive oil because they influence the stability and overall acceptability as well as the nutritional and health related 
properties of the olive oil. Compounds such as sterols, squalene, and tocopherols are of great interest as high 
value added products because of their nutraceutical activities. Tocopherols are well known as components of 
vitamin E; their presence in olive oil has been extensively described. At present, tocopherols are of increasing 
interest in the food industry due to their antioxidant activity and other nutraceutical effects (Ibáñez et al., 2002). 
 Sterols and triterpene diols are important constituents of olive oil and constitute the major proportion of its 
unsaponifiable fraction. Previous studies have shown that each oily fruit has a characteristic profile of these 
compounds which makes its determination an important tool in authenticating the genuineness of olive oil and 
detecting adulteration, e.g. in the case of detecting a mixture with hazelnut oil (Vichi et al., 2001). For this 
reason, the content of sterols and triterpene diols in olive oil is regulated by the legislation of the European 
Union (EEC, 1991) and by the trade standard applying to olive oils and olive–pomace oils set by the 
International Olive Council (IOOC, 2011). Additionally, the importance of sterols is manifested through the 
exhibition of certain health benefits which significantly contribute to the nutritional value of olive oil. It has 
been reported that these compounds have hypocholesterolemy, anti-inflammatory and anti-carcinogenic effects. 
 Virgin olive oil (VOO) is a fundamental and indispensable food product in the traditional Mediterranean 
diet, with its long valued aroma, taste and nutritional properties, directly related to minor components of its 
composition, chiefly phenolic and volatile compounds. Currently, the virgin olive oil (VOO) market is highly 
competitive and globalized; producers therefore need to produce high-quality, generally denominated superior 
or premium extra virgin olive oil (EVOO) to be successful, and many producers have become conscious of this 
challenge. This is being made possible thanks to a deeper knowledge of the effects of harvesting and processing 
conditions, as well as the roles of minor constituents, on the final quality of this highly appreciated food product. 
As well known, extra virgin olive oil minor components, in particular phenolic and volatile compounds, are 
intrinsically related to the global quality and positive sensory attributes of olive oil (Inarejos-García et al., 
2013). 
 Despite the fact that Libyan Jamahiriya is one of the important olive crop producers, a considerable amount 
of foreign exchange is spent on the import of vegetable oils, including olive oil. Moreover, very little data is 
available on total production, uses and characteristics of Libyan olive oil (Rana and Ahmed, 1981). 
 Thereupon, it is of great importance to carry out more researches in order to throw the light on the olive oils 
extracted from olive fruits varieties cultivated in Libyan. However, little efforts have been made, as well as few 
reports for the Libyan olive oil varieties have been published in this concern.  
 Therefore, the purpose of this study was to evaluating the virgin olive oils extracted from three varieties 
(Gargashi, Nab-Elgamal and Oscolana) of olive fruits cultivated in Libyan in comparison with that oil obtained 
from olive pomace of the same varieties in terms of the quality and extent of the corresponding with 
international standards for olive oil in terms on the physico-chemical characteristics which are play an important 
role in assessing their quality and palatability of tested oil samples, the fatty acids composition as the major 
component in olive oils, the important antioxidants components that affect the stability of these oils and their 
suitability for the health of the consumer such as tocopherols content and total phenolic compounds as well as 
sterols fractionation, polyphenols composition. 
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Materials and Methods 
 
Materials: 
 
Virigin olive oil varieties:  
 
 Three varieties of virgin olive oil (Olea europea L.) namely: Gargashi, Nab-Elgamal and Oscolana (Table 
olive variety) were used in the present study. Virgin olive oil varieties were obtained from Al-Zawia (squeezing) 
Extracted Oils Company (the virgin olive oils were extracted by a mechanical pressing plant from the different 
olive fruit varieties), Al-Zawia region, West Tripoli, Libyan. The obtained samples were immediately analyzed 
then kept under frozen condition at -18 ± 2˚C until used. 
 
Refined pomace olive oil varieties:  
 
 Refined olive pomace oil is the oil obtained from 'olive pomace by extraction by means of solvents and 
made edible by means of refining methods which do not lead to alteration in the initial glyceridic structure. 
Olive pomace is the paste remained after the mechanical press (hydraulic laboratory press) which contains oil 
about 10-12% (Kiritsakis et al., 1998).The refined pomace-olive oil was obtained from the same previous 
varieties (Gargashi, Nab-Elgamal and Oscolana) of olive oils, Al-Zawia region, West Tripoli, Libyan.  
 
Reagents:  
 
 All chemical and reagents of the analytical methods used in present study were analytical grade. All 
solvents (Hexane, chloroform, petroleum ether and ethyl alcohol) were distilled before use. All chemicals were 
purchased from El- Gamhouria Trading Chemicals and Drugs Company, Egypt. 
 
Methods: 
 
Preparation of Refined Pomace-Olive Oil Varieties:  
 
Oil extracting from the pomace of olive fruits:  
 
 The pomace of olive fruits (The paste remained after the hydraulic laboratory press) soaked in pure n-
hexane (40-60°) for 48 h at ambient temperature (20±5°C). The miscella (oil dissolved in hexane) was 
collected, filtered and this process was repeated three times using pure solvent in each time to obtain the 
most of the oil in pomace. The combined miscella was desolventizated under vacuum using rotary 
evaporator at about 40±2°C (The purpose of the distillation of the miscella is to separate, by evaporation, the 
solvent from the oil which remains liquid throughout the operation) (Moral and Méndez, 2006).The obtained 
oil was dried using anhydrous sodium sulfate and filtered using Whatman No.1 filter paper, then filled in 
dark brown glass bottles and kept at -5±2°C till the refining process. 
 
Refining of the obtained pomace olive oil:  
 
 Oil obtained by refining crude olive pomace oil. It has a free acidity, expressed as oleic acid, of not more 
than 0.3 grams per 100 grams. The obtained oil after extraction was refined (neutralizing, bleaching and 
deodorizing) as the methods described by Antonopoulos et al. (2006). 
 
Analytical Methods:  
 
 The analytical methods were carried out for virgin and refined pomace olive oil varieties (Gargashi, Nab-
Elgamal and Oscolana) according to the following properties:  
 
Physical Methods:  
 
 Refractive index, specific gravity and colour index were determined according to the procedure of A. O. A. 
C (2005). 
 
Chemical Methods:  
 
 Free fatty acid (F.F.A) (as % Oleic acid); Peroxide value (meq. active O2/kg); Iodine value (measured 
according to the procedure of Hannus method) ; saponification value and unsabonfable matter (%) were 
determined according to the procedure of A.O.A.C (2005). Also, thiobarbituric acid value (TBA) (mg 
alonaldehyde/kg) was determined according to the procedure of Pearson (1976).  
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Fatty acids composition:  
 
 The fatty acids of investigated olive oils were determined as methyl ester by gas liquid chromatography. 
The methyl ester samples were prepared using BF3 in methanol (20%) as methylating agent according to the 
A.O.A.C. (2005). 
 
Determination of total phenol and tocopherol contents:  
 
 Total phenols were quantified by using colorimetric method. The concentration of total phenols in the 
methanolic extract solutions was estimated with the Folin-Ciocalteu reagent using gallic acid as a calibration 
standard according to (Rojas et al., 2005). α-Tocopherol was measured by using high performance liquid 
chromatography (HPLC) method (Escuderos et al., 2009). After saponification of olive oil samples with 
alcoholic potassium hydroxide in the presence of ascorbate as antioxidant, the unsaponificatible fraction was 
extracted with diethyl ether. The ether extract was evaporated and the unsaponificatible was diluted with n-
heptan. This solution was centrifuged, and injected in HPLC. HPLC separation was carried out on a Hewlett-
Packard system (Waldbronn, Germany) equipped with a HP-1100 pump, a Rheodyne model 7725 injector 
(Cotati, CA, USA, loop volume 20 μl), a HP-1200 M multi-array detector and a Kieselgedl-columm (150 × 4.5 
mm id., film thickness 5 μm). The tocopherol was separated by elution with iso-propanol in n-heptan.                  
    
Fractionation of phenolic compounds:  
 
 Phenolic compounds were isolated by extraction of an oil-in-hexane solution with water/methanol (40/60) 3 
times according to the procedure of Gutfinger (1981). Identification of individual phenolic compounds of the 
olive oil samples was performed on a Shimadzu model HPLC system (Shimadzu Corporation, Kyoto, Japan) 
consisting of a solvent delivery module (LC-10AD) with a double plunger reciprocating pump, UV-VIS detector 
(SPA-10A), column oven  (CTO-10A) and 20-ml injection loop was used. The column used was an Apex 
octadecyl 104 C18 (250.4 cm ID) with 5-mm packing (Jones Chromatography limited, Colorado, USA). 2.6. 
HPLC conditions Detection was performed at 280 nm for phenols. The elution solvents used were A (2% acetic 
acid in water), B (methanol), C (acetonitrile) and D (isopropanol). The samples were eluted according to the 
following gradient: 95% A/5% B in 2 min; 60% A/ 10% B/30% C in 8 min; 25% B/75% C in 22 min, and this 
percentage was maintained for 10 min; 40% C/60% D in 10 min; and this percentage was maintained for 15 
min; 25% B/75% C in 2 min, and finally, 95% A/5% B in 3 min. Flow rate was 1 ml/min and run time, 70 min. 
The run was performed at 32°C. The sample injection volume was 20 ml. Identification of compounds was 
achieved by comparing their retention time values with those of standards (Ceccon et al., 2001). Data was 
collected and processed using Class-VP Chromatography Laboratory Automated software (Shimadzu 
Corporation). 
 
Determination of sterol fractions:  
 
 3 grams (±0.02 g) of olive oil samples were subjected to saponification and further extraction of the 
unsaponifiable fraction. Ethanol (20 ml) and KOH (50%) (5 ml) were added to the sample and subjected to a 
warm agitation for 1 h (<50°C). 13ml of distillated water were added and six extractions with 20–25 ml of 
hexane were done, collecting the organic phase of each extraction, which were all merged. The solvent was 
rotary evaporated and the sample was further dried under nitrogen flow. This unsaponifiable fraction was 
derivative with 400 μl of Tri-Sil, in a hot water bath (60°C for 45 min), to form the trimethyl silyl ether (TMS) 
derivatives. The excess of Tri-Sil was evaporated under nitrogen flow and the sample was diluted in 10 ml of 
hexane. The TMS derivatives of sterols was analyzed in an HP 6890 GC system (Agilent Technologies Inc., 
USA) coupled to a 5973 Mass Selective Detector (Agilent). One microlitre was injected into GC, equipped with 
a capillary column (30 m x 250 μm ID x 0.25 μm Thermo scientific TR-5MS). The carrier gas was He (1 
ml/min), and the chromatographic conditions were as follows: initial oven temperature was maintained during 
0.5 min at 85°C and subsequently programmed from 85 to 290°C at a rate of 50°C/min and at a rate of 
0.5°C/min from 290 to 298°C. The injector and the detector temperatures were set at 280 and 300°C, 
respectively. Acquisition mass range was established between 50.00 and 550.00 uma. Electron impact was at 70 
eV. Identification of the peaks was based on comparison of their mass spectra with the spectra of the Wiley 
library (HPCHEM, Wiley, 275, 6th ed.) and also with those obtained from the literature (Azadmard-Damirchi et 
al., 2005). 
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Statistical Analysis:  
 
 Statistical analysis involved used the statistical analysis systems (SAS, 1985) software package. The data 
are given as means ± SD. The results were analyzed by multiple tests to identify significant differences among 
groups. P values <0.05 were considered significant. Analysis of variance performed by ANOVA procedures. 
Significant differences between means were determined using Duncan’s multiple rang testes (SAS, 1985). 
 
Results and Discussion 
 
1. Physico-Chemical Quality Characteristics of Tested Virgin and Pomace Olive Oil Samples: 
 
(a) Physical quality characteristics:      
 
 There are many physical characteristics of the edible fats and oils such as specific gravity, refractive index 
and colour, which are played an important role in assessing their quality and palatability, as well as the 
consumer acceptability of these products. The physical characteristics of fats or oils are dependent on the degree 
of unsaturation, carbon chain length, isomeric fatty acid forms, and molecular configuration (R).  
 The physical quality characteristics of virgin olive oil varieties (Gargashi, Nab-Elgamal and Oscolana) 
were determined, in comparison with the corresponding characteristics of refined pomace olive oils for the same 
previously varieties , as illustrated in Table (1).  
 From the obtained results in Table (3), it could be observed that the specific gravity at 20°C of virgin olive 
oil samples were found ranged between 0.9137 to 0.9146, which relatively lower than those found ranging from 
0.9142 to 0.9157 in refined pomace olive oil samples. The present results are in agreement with those obtained 
by Gulfraz et al. (2009) and Opoku-Boahen et al. (2012). 
 The specific gravity values of tested virgin olive oils and refined pomace olive oils are found to be within 
the permissible level (0.910 – 0.916) reported by EEC (2003) and International Olive Oil Council (IOOC) Trade 
Standards (2011).  
 
Table 1: Physical and chemical Quality properties of Libyan virgin and refined pomace olive oil varieties.                                             

Physical and chemical properties Libyan olive oil varieties 
Virgin olive oils Refined Pomace olive oils 

Gargashi Nab-
Elgamal 

Oscolana Gargashi Nab-
Elgamal 

Oscolana 

1-Physical properties 
Specific gravity at 20°C 

0.9137 0.9146 0.9138 0.9142 0.9157 0.9145 

Refractive index at 20°C 1.4702 1.4703 1.4707 1.4679 1.4687 1.4684 

Colour       Yellow 
Red 
Blue 

35.0 35.0 35.0 35.0 35.0 35.0 
3.0 3.6 3.7 2.6 2.8 3.2 
1.2 1.4 1.5 1.0 1.0 1.2 

2-Chemical properties Acid value 
(%as oleic acid) 

0.695 0.525 0.735 0.028 0.031 0.042 

Peroxide value (meq/kg) 12.47 13.61 11.31 3.79 4.88 3.68 
TBA 

(mg alonaldehyde/kg) 
2.56 3.87 2.39 0.76 1.37 1.00 

Iodne value 
(Hanus method) 

81.11 78.92 82.04 81.0 77.0 83.0 

Saponification value 
(mg KOH/g oil) 

191.15 186.10 193.61 190.81 188.12 191.02 

Unsponifiable matter (%) 0.97 1.20 1.19 1.50 1.81 1.72 

 
 As shown in Table (1), the refractive index at 20°C was ranged from 1.4702 to 1.4707 of virgin olive oils 
samples, which was higher than the corresponding values for refined pomace olive oils samples, which was 
represented from 1.4679 to 1.4687. These values are still within the limits required by the EEC (2003) for olive 
oils and olive pomace oils.These results are in accordance with those previously obtained by Aydin et al. 
(2009); Gulfraz et al. (2009); Borchani et al. (2010) and Opoku-Boahen et al. (2012). 
 From the obtained data in Table (1), it could be noticed that the virgin olive oil (VOO) extracted from 
Oscolana olive variety was the highest values of colour index, which was represented about 3.7 and 1.5 in red 
and blue lovibond scales, followed by the VOO extracted from Nab-Elgamal olive variety, which was found to 
be as 3.6 and 1.4 in the previously scales, respectively. While, the VOO extracted from Gargashi olive variety 
was the lowest values of colour index (3.0 and 1.2 in red and blue lovibond scales). In all tested VOO samples, 
the yellow scale is fixed at 35 in a 5.25 inch cell. 
 On the other hand, the colour index of refined pomace olive oil (RPOO) samples which obtained from the 
same previously varieties was ranged between 2.6 to 3.2  and from 1.0 to 1.2 in red and blue lovibond scales; 
respectively, which was lower than either the corresponding values for the VOO samples. These results may be 
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due to the refining and bleaching process used for the oil produced from olive pomace may caused removing of 
some pigments, especially chlorophyll which render a green color to products, resulted in a relatively lower in 
colour index for the RPOO.   
 It is interested to note that, the presence of various pigments such as chlorophylls and carotenoids, 
especially chlorophyll pigment, in olive oil may effective on the quality degree of virgin oil, whereas it’s 
associate with the better quality of oils. Thereupon, unrefined olive oils contain 1–20 ppm of chlorophylls that 
are considered important as extra virgin quality indicators for this oil (Belbin, 1993).  
 
(b) Chemical quality characteristics: 
 
 The chemical characteristics of edible fats and oils are play an important role in assessing their quality 
assurance, palatability and consumer acceptability, as well as they are related with the healthy safe quality of 
these fats and oils by using them. Therefore, the chemical quality assurance criteria, including the acidity (free 
fatty acid as % oleic acid), peroxide value (meq/kg oil), thiobarbituric acid (TBA) value (mg malonaldehyde/kg 
oil), iodine value (gI2/100g oil), Saponification value (mg KOH/g oil) and unsabonifable matter for virgin olive 
oil (VOO) varieties, compared to the corresponding values for pomace olive oils (RPOO) obtained from the 
same varieties , were determined.                                                
 As illustrated in the obtained results of Table (1), it could be indicated that the free fatty acids (FFA as % 
oleic acid) of tested VOO samples was ranged from 0.525 to 0.735, which was much higher than the 
corresponding values for tested RPOO samples, which was ranged from 0.028 to 0.042. These results are 
coincident with those obtained by Guerfel et al. (2012) they reported the FFA (% as oleic acid) of virgin olive 
oils was ranged between 0.27 to 0.50.                                                                    
 The present results for the FFA value in all tested samples are found to be much greatly lower within than 
that recommended values (within the permissible values) reported by EEC (2003) and International Olive Oil 
Council (IOOC) Trade Standards (2011), which should not exceed than 2.0 gm for per 100 gm for virgin olive 
oil and 0.3 gm per 100 gm for refined pomace olive oil; respectively. 
 With regards the peroxide value as one of the most important chemical criterion of edible lipids and as 
given in the obtained results (Table 1), it could be observed that the peroxide value was 12.47, 13.61 and 11.31 
(meqO2/kg oil) of VOO Gargashi, Nab-Elgamal and Oscolana varieties; respectively. The present results are 
approximately similar with those obtained by Gulfraz et al. (2009) and Azlan et al. (2010). 
 On the other hand, the peroxide value of RPOO samples for the same previous varieties was much lower 
than those found in VOO samples, which was represented about 3.79, 4.88 and 3.68 of Gargashi, Nab-Elgamal 
and Oscolana varieties; respectively. 
  It is worth to note that the peroxide value of tested olive oil samples was within the critical limit, which no 
exceeding than 20 and 5 meqO2/kg lipid for the VOO and the RPOO; respectively, as reported by the EEC 
(2003) for olive oils and olive pomace oils. 
 The result recorded in Table (1) also indicated that the tested VOO samples had higher percentage of the 
TBA value, which recorded ranging from 2.39 to 3.87, than the corresponding values for RPOO samples, which 
presented about ranged from 0.75 to 1.37 mg malonaldehyde / kg lipid. 
 It is worth to mentioned that malonaldehyde level formed in the tested samples of both VOO and RPOO 
varieties was within the permissible limit; >10 mg /kg lipid. 
 From the above discussion, it could be concluded that the oil obtained from olive pomace had the lowest 
values for acidity (free fatty acids), peroxide value and TBA value, as the most important of the chemical 
quality criteria for fats and oils, than that the corresponding values of virgin olive oil, these results mainly due to 
the refining process occurs throughout the pomace olive oil may cause improve the quality characteristics which 
appear of this oil, when compared with the unrefined virgin olive oil.  
 From the former Table, it could be exhibited that the iodine number of Gargashi VOO variety was 81.11, 
this value nearly of the corresponding indices of those found in Oscolana VOO variety (82.04), meanwhile the 
lowest value of iodine number was observed in Nab-Elgamal VOO variety, which was found to be as 78.92. 
These results are in accordance with the trend in the physico-chemical analysis conducted obtained by other 
researchers (Aydin et al., 2009; Gulfraz et al., 2009; Azlan et al., 2010; Borchani et al., 2010 and Opoku-
Boahen et al., 2012). 
 On the other hand, the approximately results was also observed in tested RPOO of the same previous olive 
varieties, whereas the lowest value of iodine number was observed in Nab-Elgamal RPOO variety, which was 
represented about 77.0. The iodine number was 81.0 and 83.0 of Gargashi and Oscolana RPOO varieties; 
respectively. These values are still within the permissible value (75-92) reported in the EEC (2003) and the 
IOOC (2011) for olive oils and olive pomace oils. 
 From the obtained results Table (9), it could be showed that the virgin oil obtained from Nab-Elgamal olive 
variety had the lowest value (186.10) of saponification value, meanwhile the saponification value of virgin oil 
obtained from Gargashi variety was (191.15) nearly to the corresponding value for virgin olive oil Oscolana 
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variety (193.61). The present results are approximately similar with those obtained by Gulfraz et al. (2009); 
Azlan et al. (2010) and Opoku-Boahen et al. (2012). 
 In addition, the nearly results was also observed in tested RPOO of the same previous olive varieties, 
whereas the saponification value was 190.81 and 191.02 for RPOO Gargashi and Oscolana varieties; 
respectively, while the RPOO Oscolana variety had the lowest value of saponification number (188.12). 
 It is worth to mention that the saponification values of all tested olive oil samples were within the 
permissible value (184-196 for virgin olive oil and 182- 193 for pomace olive oil) reported by the EEC (2003) 
and the IOOC (2011). 
 The present results in Table (1) exhibit that the unsaponifiable matter content of virgin olive oils obtained 
from Nab-Elgamal and Oscolana varieties was about 1.20 and 1.19% which was higher than the corresponding 
content of virgin olive oil obtained from Gargashi variety (0.97%). The above mentioned data are in accordance 
with those reported by Aydin et al. (2009) and Gulfraz et al. (2009). 
 On the other hand, the unsaponifiable matter content of RPOO extracted from olive varieties was higher 
than that found in the VOO varieties, which was recorded about 1.50, 1.81 and 1.72% for Gargashi, Nab-
Elgamal and Oscolana RPOO varieties; respectively. These results may be due to the virgin olive oil is 
extracted by cold-pressing process, leading to extracting a small amounts of unsaponifiable matter in oil 
produced, while the olive pomace oil had a largest amounts of unsaponifiable matter as the result of the 
extracted system applied in producing of these oils, which is depending open the organic solvents for the extract, 
leading to increase the unsaponifiable matter amount. 
 From the previously discussion, it could be concluded that the oils obtained from the tested olive varieties 
of both virgin olive or pomace olive are considered identical to the standard specifications, which are found to 
be within the permissible levels in all terms of physical and chemical quality charecteristics reported by EEC 
(2003) and International Olive Oil Council (IOOC) Trade standards (2011). 
 
2. Total Polyphenols and Tocopherols Content of Tested Virgin and Pomace Olive Oil Samples: 
 
(a) Total polyphenols of tested virgin and pomace olive oil samples: 
 
 Polyphenols (PP), or phenolic compounds, is perhaps the most important of the minor components in olive 
oil, owing to their powerful antioxidant effect on the oil and the resulting contribution to shelf-life stability. 
Polyphenol is a general term used to describe natural substances that contain a benzene ring with one or more 
hydroxyl groups containing functional derivatives that include esters, methyl esters and glycosides (Tsimidou, 
1998). 
 From the obtained results in Table (2), it could be noticed that the virgin oil obtained from Gargashi olive 
variety had the highest value of total polyphenols content, which was found to be as 513 (mg / kg oil), followed 
by the virgin oil obtained from Nab-Elgamal olive variety (457 mg / kg oil), meanwhile the lowest amount of 
total polyphenols was found in virgin oil obtained from Oscolana variety which was recorded about 354 (mg / 
kg oil).  
 
Table 2: Total polyphenols and tocopherols content (mg/kg) of Libyan virgin and refined  pomace olive oil varieties. 

Antioxidant components Libyan olive oil varieties 
Virgin olive oils Refined Pomace olive oils 

Gargashi Nab-
Elgamal 

Oscolana Gargashi Nab-
Elgamal 

Oscolana 

Total polyphenols (mg/kg) 513 457 354 423 385 311 
Total tocopherols (mg/kg) 169 106 60 84.3 68 43.5 

 
 The present results are conformity with those reported by Owen et al. (2000 b); Jiménez et al. (2007); 
Baccouri et al. (2008 b); Dabbou et al. (2011); Ouni et al. (2012) and Inarejos-García et al. (2013). 
 With regards the total polyphenols content of the RPOO samples for the same previous varieties as 
illustrated in Table 2, it could be observed that the total polyphenols content of the RPOO extracted from olive 
varieties was lower than that found in the VOO varieties, which was recorded about 423, 385 and 311 (mg / kg 
oil) for Gargashi, Nab-Elgamal and Oscolana RPOO varieties; respectively. These results may be due to the 
refining and bleaching processing methods are the factor that most affects the quantity of polyphenols in olive 
oil. Compared with virgin olive oils, refined pomace olive oils contain fewer amounts of polyphenols.  
  In this concern, virgin olive oil is consumed unrefined, although a great proportion of the olive oil 
produced has to be refined to render it edible. Refining treatments are needed to remove or reduce the content of 
minor substances that may affect oil quality, such as phospholipids, FFA, pigments, peroxides, traces of metals, 
herbicides and volatile components. Phenolic compounds are among the substances eliminated during the 
different refining steps  (García et al., 2006).  
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(b) Total tocopherols of tested virgin and pomace olive oil samples: 
 
 Tocopherols are collectively known as vitamin E, and represent an important class of phenolic antioxidants 
that occur naturally in vegetable oils and function to maintain oil quality by terminating free radicals (Yoshida et 
al., 2003) α-, β-, γ- and δ- are the four homologue forms of tocopherols that generally exist in oil as minor 
ingredients. In particular, the α-isomer of tocopherol is found in olive oil in only the free (non-esterified) form. 
 As illustrated in the obtained results (Table 2), it could be exhibited that the total tocopherols content (as α-
tocopherol)  of virgin olive oil (Gargashi variety) was much higher than those found in the other VOO samples, 
which was represented about 169 (mg / kg), followed by the virgin olive oil (Nab-Elgamal variety) which was 
found to be as 106 (mg / kg), while the virgin olive oil (Oscolana variety) was the lowest content (60 mg / kg) 
of total tocopherols. These results are in agreement with previous studies (Traber and Kajden, 1989; Baccouri et 
al., 2008 b; Dabbou et al., 2011; Matthäus and Özcan, 2011 and Inarejos-García et al., 2013). 
 On the other hand, the total tocopherols content of RPOO extracted from olive varieties was much lower 
than those found in VOO varieties, which was ranging from 84.3 to 43.5 (mg / kg). These results mainly due to 
the refining treatments for the oil obtained from olive pomace lead to reduce the content of the most minor 
substances that may affect oil quality. The tocopherols are among the substances eliminated during the different 
refining steps. 
 
3. Fatty Acids Composition (%) of Tested Virgin and Pomace Olive Oil Samples: 
 
 The fatty acid profile (FAP) of the oil is a measure of the proportions of individual fatty acids in the oil, and 
is therefore an important factor in oil quality. The ratio of the different fatty acids in the oil influences the 
stability of the oil, as well as determining its nutritional value. Some fatty acids are considered to be better than 
others; in the case of olive oil, oleic acid is more desirable than the others from the nutritional point of view. 
 The fatty acids composition for methylated tested samples of the VOO varieties (Gargashi, Nab-Elgamal 
and Oscolana) were determined by gas chromatographic analysis, compared to the corresponding profiles of the 
RPOO of the same previous varieties. The obtained data are recorded in Table (3). 
 
Table 3: Fatty acids composition (%) of Libyan virgin and pomace olive oil varieties.                                                                        
Fatty acids composition (%) Libyan olive oil varieties 

Virgin olive oils Refined Pomace olive oils 
Gargashi Nab-Elgamal Oscolana Gargashi Nab-Elgamal Oscolana 

C14: 0 0.0 0.0 0.0 0.0 0.0 0.0 
C16: 0 14.68 15.39 14.0 14.35 15.10 14.85 
C17: 0 0.04 0.05 0.06 0.05 0.03 0.12 
C18: 0 2.86 3.06 2.33 2.65 2.81 2.39 
C20: 0 0.51 0.51 0.49 0.41 0.45 0.45 
C22: 0 0.09 0.21 0.12 0.08 0.08 0.11 
C24: 0 0.02 0.08 0.03 0.02 0.01 0.04 

TSFAs 18.2 19.30 17.03 17.56 18.48 17.96 
C16:1 1.70 1.38 1.56 1.44 1.73 1.61 
C17: 1 0.05 0.07 0.11 0.10 0.08 0.18 
C18: 1 63.04 60.68 64.44 63.25 62.05 63.73 
C18: 2 15.12 15.91 14.97 14.96 14.82 14.93 
C18: 3 0.88 0.78 0.92 0.76 0.96 0.84 
C20: 1 0.47 0.31 0.37 0.32 0.21 0.30 
C22: 1 0.0 0.0 0.0 0.0 0.0 0.0 

TUSFAs 81.26 79.13 82.37 80.83 79.85 81.59 

TFAs� 99.46 98.43 99.40 98.39 99.33 99.55 

Other fatty acids 0.54 1.57 0.60 1.61 0.67 0.45 
KsValue 4.46 4.10 4.83 4.60 4.32 4.54 

   TSFAs: Total saturated fatty acids     UTSFAs: Total Unsaturated fatty acids      Ks value: USFAs/SFAs              

 
 From the obtained data in Table (3), it could be observed that oleic acid (C18:1) was the predominant fatty 
acids in all tested olive oil samples, which was represented about 63.04, 60.68 and 64.44% in Gargashi, Nab-
Elgamal and Oscolana VOO varieties; respectively, compared to the corresponding fatty acid in RPOO for the 
same previous varities, which was accounted 63.25, 62.05 and 63.73% in Gargashi, Nab-Elgamal and Oscolana 
RPOO varieties; respectively. Moreover, both VOO and RPOO for Nab-Elgamal variety had lower percentage 
of oleic acid, especially in VOO than those found in all other tested olive oil samples. These results are in 
agreement with previous studies of Nergiz and Engez (2000) whom reported that the main fatty acid identified 
in virgin olive oil was oleic acid (63.7-71.5 %), also León et al. (2004) reported that the monounsaturated oleic 
acid is distinctly predominant (67%) fatty acid of olive oil. In addition, Garcia-Gonzalez et al. (2008) and 
Alsaed et al. (2012) observed that the oleic acid (a mono-unsaturated fatty acid) is represented in much higher 
concentration (55.23-86.64%) than the other fatty acids of olive oil.  
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 From the obtained data Table (3), it could be also noticed that the linoleic acid was the main of 
polyunsaturated fatty acids in all tested olive oil samples, which was the predominant fatty acids after oleic acid 
in olive oils, it was found to be as 15.12, 15.91 and 14.97% in Gargashi, Nab-Elgamal and Oscolana VOO 
varieties; respectively. On the other hand, the approximately results were also observed in the tested RPOO of 
the same previous olive varieties, whereas the linoleic acid was ranging from 14.82 to 14.96 in the RPOO 
varieties. These results are in accordance with the trend in the fatty acids analysis conducted on fractions 
obtained by Nergiz and Engez (2000); Baccouri et al. (2008 b); Garcia-Gonzalez et al. (2008); Gulfraz et al. 
(2009); Dabbou et al. (2011) and Matthäus and Özcan (2011) who reported that the linoleic acid is one of the 
most major fatty acids  presented in olive oils, which was ranged from 7.7 to 17.53%. 
 As given in Table (3), it could be exhibited that palmitic acid (16:0) was the major of saturated fatty acids 
found in all tested olive oil samples. It was found ranged from 14.0 to 15.39% in the VOO varieties, which was 
nearly to the results observed in the RPOO varieties, which was accounted ranging from 14.35 to 15.10%. These 
results are in agreement with the data obtained by Nergiz and Engez (2000); Assy et al. (2009); Gulfraz et al. 
(2009); Kiralan et al. (2009); Dolgun et al. (2010); Dabbou et al. (2011) and Inarejos-García et al. (2013) they 
observed that palmitic acid was the main fatty acids identified in olive oil (11.0-16.0 %) 
 From the obtained data in the former Table, it could be also showed that the minor saturated fatty acids in 
all tested olive oil samples are stearic (18:0) and arachidic acids (20:0), they were presented ranged from 2.33 to 
3.06 and from 0.49 to 0.51% for VOO varieties, compared to the corresponding fatty acids of RPOO varieties 
which were recorded ranging from 2.39 to 2.81 and from 0.41 to 0.45%; respectively. 
 In addition, the current results revealed that the other saturated fatty acids in olive oil namely margaric 
(17:0), behenic (22:0) and lignoceric (24:0) were identified in trace amounts observed in all tested olive oil 
samples. As regards the sum of saturated fatty acids, as illustrated in Table (3), it could be noticed that the sum 
of saturated fatty acids was represented ranging from 17.03 to 19.30 and from 17.56 to 18.48% of both VOO 
and RPOO varieties.  
 Concerning the other unsaturated fatty acids, which are the minor unsaturated fatty acids found in olive oils,  
namely palmitoleic (16:1), margaroleic (17:1), linolenic (C18:3) and gadoleic (20:1) acids, as illustrated in 
Table (3), it could be observed that they were recorded in a small amounts for all tested olive oil samples, 
especially margaroleic (17:1) which was found in a trace amounts in all tested olive oil samples (0.05- 0.18%). 
Palmitoleic acid (16:1) was in adequate amounts, which was ranged from 1.38 to 1.70% in VOO varieties versus 
to 1.44- 1.73% found in the RPOO varieties. While, linolenic acid (C18:3) was found ranging from 0.78 to 
0.92% in the VOO varieties as compared to the corresponding fatty acid in the RPOO varieties, which was 
accounted ranged from 0.76 to 0.96%. In addition, gadoleic (20:1) acid was found ranging between 0.31 to 0.47 
and from 0.21 to 0.32% in both VOO and RPOO varieties; respectively. 
 With regards the sum of unsaturated fatty acids, as shown in Table (3), it could be remarked that the sum of 
unsaturated fatty acids was found to be as 81.26, 79.13 and 82.37% of Gargashi, Nab-Elgamal and Oscolana 
VOO varieties; respectively, meanwhile the approximately results was also observed in tested RPOO of the 
same previous olive varieties, whereas the sum of unsaturated fatty acids was represented about 80.83, 79.85 
and 81.59% for Gargashi, Nab-Elgamal and Oscolana RPOO varieties; respectively. The present results are 
conformity with those reported by Baccouri et al. (2008 a); Kharazi (2008); Aydin et al. (2009); Kaskoos et al., 
(2009) and Ouni et al. (2012).  
 From the previous discussion, it could be concluded that the sum of unsaturated fatty acids of both VOO 
and RPOO Nab-Elgamal variety was lower than those found in the other olive oils varieties, the same results 
was also observed in their the iodine value, which was lower than that obtained in the other olive oils varieties. 
It is interested to noted by the fact that, the iodine value is indicate the unsaturation degree of oil content of fatty 
acid profiles, accordingly the iodine value well be less in this variety than the other varieties. 
 
4. Polyphenol Fractions of Tested Virgin and Pomace Olive Oil Samples:  
 
  Presence of polyphenols is a special characteristic of olive oil; because most other nut and seed oils no 
containing polyphenols. About 20 polyphenols have been identified in virgin olive oils; however, the 
predominant phenolic compounds in such oils are tyrosol and hydroxytyrosol, followed by traces of substituted 
cinnamic acids such as caffeic, oleuropein, and traces of flavoids. Luteolin, apigenin, cumaric acid and vanillic 
acids, are the other common phenolic compounds in olive oils. Of the phenolic compounds in olive oil, 
hydroxytyrosol and tyrosol are considered to be the main ones; these contribute to a bitter taste and astringency, 
and are resistant to oxidation, and are the ones now being cited in the press as being desirable health 
components of olive oil (Manna et al., 1999). 
 The phenolic compounds for tested samples of VOO varieties (Gargashi, Nab-Elgamal and Oscolana) were 
determined by using high performance liquid chromatographic (HPLC) analysis, compared to the corresponding 
profiles of RPOO of the same previous varieties. The obtained data are presented in Table (4).  
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Table 4: Phenolic compounds (mg/kg) of Libyan virgin and pomace olive oil varieties. 
Phenolic compounds (mg/kg) Libyan olive oil varieties 

Virgin olive oils Refined Pomace olive oils 
Gargashi Nab-Elgamal Oscolana Gargashi Nab-Elgamal Oscolana 

Hydroxytyrosol 111.21 95.29 87.20 90.15 78.21 79.01 
Tyrosol 130.66 86.44 55.54 109.47 64.25 48.26 

Protocatechuic acid 33.34 28.08 18.47 30.11 12.36 15.88 
Caffeic acid 22.21 32.20 41.55 18.21 30.04 36.25 
Ferrulic acid 9.59 15.49 10.33 6.18 9.55 6.26 

Synergic 9.54 11.88 18.97 8.51 8.92 17.54 
Cinnamic acid 18.72 12.13 9.90 17.01 11.08 5.42 

Chlorogenic acid 36.57 21.24 19.56 28.25 15.57 16.20 
Vanillic acid 4.05 11.74 18.01 1.80 8.84 17.41 

ρ-oH-benzoic acid 24.05 30.09 17.18 18.65 26.40 13.52 

Salyillic 3.43 4.06 1.34 1.92 4.00 0.89 
vanillin 2.66 3.10 5.20 2.98 2.10 4.58 

ρ-Coumaric acid 10.11 7.54 8.77 8.60 5.82 7.11 

 
 As shown in Table (4), thirteen of polyphenol compounds were identified in all tested olive oil samples 
including hydroxytyrosol, tyrosol, protocatechuic acid, caffeic acid, ferulic acid, synergic, cinnamic acid, 
chlorogenic acid, vanillic acid, ρ-hydroxy (OH) benzoic acid, salyillic acid, vanillin  and ρ-coumaric acid, and 
the results are given in  Table (4). 
 As illustrated in Table (4), both tyrosol and hydroxytyrosol were the most predominant of polyphenol 
compounds detected in all tested olive oil varieties, especially in VOO Gargashi variety, which were found to 
be as 111.21 and 130.66 mg/kg; respectively, which were much higher than those found in other olive oil 
varieties. The polyphenol compounds of olive oils were also investigated by Ryan and Robards (1998); Tripoli 
et al. (2005);  Bendini et al. (2007); Ocakoglu, et al. ( 2009); Smaoui et al. (2012) and Inarejos-García et al. 
(2013). Their results were relatively comparable with the present data. 
 From the obtained results, it could be noticed that the main polyphenol compounds also found in VOO 
Gargashi variety were chlorogenic acid, protocatechuic acid, ρ-hydroxy (OH) benzoic acid and caffeic acid, 
which were represented about 36.57, 33.34, 24.05 and 22.21 mg/kg; respectively. In addition, VOO Gargashi 
variety contained adequate amounts of cinnamic acid, ρ-coumaric acid, ferulic acid and synergic which were 
found to be as 18.72, 10.11, 9.59 and 9.54 mg/kg; respectively. While, vanillic acid, salyillic and vanillin were 
found in small amounts in VOO Gargashi variety.  
 On the other hand, the major polyphenol compounds found in VOO Nab-Elgamal variety were of both 
hydroxytyrosol (95.29 mg/kg) and tyrosol (95.29 mg/kg). Also, the main polyphenol compounds also found in 
VOO Nab-Elgamal variety were caffeic acid, ρ-hydroxy (OH) benzoic acid, protocatechuic acid and 
chlorogenic acid which were accounted 32.20, 30.09, 28.08 and 21.24 mg/kg; respectively. Moreover, ferulic 
acid, cinnamic acid, synergic and vanillic acid were found in considerable amounts, they were recorded about 
15.49, 12.13, 11.88 and 11.74 mg/kg; respectively, while ρ-coumaric acid, salyillic and vanillin were found in 
small amounts which were accounted 7.54, 4.06 and 3.10 mg/kg; respectively  in VOO Nab-Elgamal variety. 
 From the former data, it could be observed that the predominant polyphenol compounds found in VOO 
Oscolana variety were hydroxytyrosol (87.20 mg/kg) and tyrosol (55.54 mg/kg), followed by caffeic acid which 
was represented about 41.55 mg/kg. Also, VOO Oscolana variety contained considerable amounts of 
chlorogenic acid (19.56 mg/kg), synergic (18.97 mg/kg), protocatechuic acid (18.47 mg/kg), vanillic acid (18.01 
mg/kg) and ρ-hydroxy (OH) benzoic acid (17.18 mg/kg). Furthermore, ferulic acid, cinnamic acid and ρ-
coumaric acid were found to be as 10.33, 9.90 and 8.77 mg/kg; respectively, while salyillic and vanillin were 
found in small amounts, which were accounted 5.20 and 1.34 mg/kg; respectively in VOO Oscolana variety. 
The present results are in accordance with those reported by Hrncirik and Fritsche (2004); Bendini et al. (2007); 
Ocakoglu, et al. ( 2009);  Smaoui et al. (2012) and Dağdelen et al. (2013) 
 From the same table, it could be also observed that the polyphenol compounds in RPOO of the same three 
previous varieties were much lower than that the corresponding polyphenol compounds found in VOO varieties. 
These results mainly due to the refining treatments for the oil obtained from olive pomace of all three olive 
varieties lead to reduce the content of the most minor substances found in olive oils such as polyphenol 
compounds, whereas the most of these compounds were eliminated during the different refining steps. 
 
5. Sterols Composition (%) of Tested Virgin and Pomace Olive Oil Samples:  
 
 The sterols composition for prepared samples of the VOO varieties were determined by High-performance 
liquid chromatography (HPLC), compared to the corresponding sterols fraction of RPOO varieties. The obtained 
data are recorded in Table (5).  
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Table 5: Sterols composition (%) of Libyan virgin and pomace olive oil varieties. 
Sterols composition 

(%) 
Libyan olive oil varieties 

Virgin olive oils Refined Pomace olive oils 
Gargashi Nab-Elgamal Oscolana Gargashi Nab-Elgamal Oscolana 

Cholesterol 0.31 0.23 0.20 0.38 0.37 0.27 
Campesterol 3.85 5.68 3.74 4.16 4.58 5.05 
Stigmasterol 1.16 3.41 2.57 2.65 3.86 3.51 
β-sitosterol 72.90 80.12 77.62 74.62 75.92 79.11 

∆5-avenasterol 9.19 6.94 7.35 6.70 9.10 8.53 

 
 From the obtained results Table (5), it could be indicated that β-sitosterol, 5-avenasterol, campesterol and 
stigmasterol were the common phytosterol identified in all tested olive oil. In addition, the most abundant 
phytosterol was β-sitosterol followed by 5-avenasterol in all tested olive oil samples. The current results are in 
accordance with those obtained by Ben Temime et al. (2008).  
 The obtained data (Table 5), as previously illustrated, it could be mentioned that β-sitosterol was the major 
of the sterols fraction for all tested olive oil samples, which was represented ranging from 77.62 to 80.12% in 
VOO varieties, while it was presented ranged between 75.92 to 79.11% for RPOO varieties. These results are in 
agreement with the data obtained by Duga et al. (2004); Matos et al. (2007); Matthäus and Özcan (2011) and 
Lukić et al. (2013). 
 With regards for the most abundant sterol in olive oil as given in Table (5), it could be observed that 5-
avenasterol was the second of the major sterols found in all tested olive oil samples, which was found ranged 
between 6.94 to 9.19 and from 6.70 to 9.10 in VOO and RPOO varieties; respectively.  
 From Table (5), it could be also exhibited that campesterol was the minor sterols found in all tested olive oil 
samples, which was accounted ranging from 3.83 to 5.68  and from 4.16 to 5.05 % in the VOO and the RPOO 
varieties; respectively. These results are in accordance with those found by del Álamo et al. (2004) they reported 
that the median value of campesterol was 4.0% and ranged from 3.4 to 4.5% in the five crop of Cornicabra 
virgin olive oils. 
 In addition, stigmasterol was the second of the minor sterols found in all tested olive oil samples, which was 
represented about 1.16, 3.41 and 2.57% in VOO Gargashi, Nab-Elgamal and Oscolana varieties. It was found 
to be as 2.65, 3.86 and 3.51% in RPOO Gargashi, Nab-Elgamal and Oscolana varieties; respectively. 
 The current results, as illustrated in Table (5), revealed that the cholesterol was found in a small amount in 
all tested oil samples, which was accounted ranging from 0.20 to 0.31% in the VOO varieties and ranged 
between 0.27 to 0.37% in the RPOO varieties; respectively. 
 These results illustrate that the importance of olive oils for a health point of view as it’s contains of the 
important phytosterol as well as the lack of cholesterol content in either virgin olive oil or the oil extracted from 
the olive pomace 
 In this concern, the cholesterol is vital for normal physiological functions in animals and is also associated 
with atherosclerosis, the most common cause of death in the world. Bioactive lipids, especially lipoproteins, 
cholesterol, oxysterols, etc., are accumulated in the plaque formed in the arteries causing ultimately 
atherosclerosis, and are positively related to high blood cholesterol levels. The quality of dietary fats and 
increased oxidative stress in vivo also contribute in this process (Staprans et al., 2005). In contrast, phytosterols 
are known to possess cholesterol-lowering properties in humans at a considerably higher dose compared with 
the normal daily intake (Hovenkamp et al., 2008). 
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