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Ö Z

Bu çalışmada, zeytinyağının sterol fraksiyonu ve triterpenik dialkollerinin kompozisyon analizi, yağın saflık derecesini 
ve diğer bitkisel yağlarla karışımın bulunup bulunmadığı değerlendirilmiştir. Bu tespit ayrıca, söz konusu zeytinyağı 

türünün karakterize edilmesine de izin vermiştir. Bu çalışmada, 2015 ve 2016 yıllarında Adana, Osmaniye ve Mersin market-
lerinden elde edilen 30 adet zeytinyağı örneği analiz edilmiş ve kullanılan analiz yönteminde validasyon çalışmaları yapılmış-
tır. Sterol fraksiyonları, silika jel plakası kromatografisi ile ayrışamayan fraksiyondan ayrıldı ve daha sonra kılcal kolon gazı 
kromatografisi ile trimetilsilil eter türevleri olarak analiz edildi. Elde edilen validasyon sonuçları TGK-Zeytinyağı ve Pirina Oil 
Communiqué (Tebliğ No: 2010-35) ile değerlendirildi.
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A B S T R A C T

In this study, compositional analysis of the sterol fraction and triterpenic alcohols of olive oil was made assess the degree 
of purity of the oil and the absence of admixture with other plant oils. This determination also permited characterization 

of the type of olive oil. In the present work, 30 samples of olive oil supplied from the markets of Adana, Osmaniye and 
Mersin in 2015 and 2016 were analyzed, and the validation studies were carried out in the analysis method used. The sterol 
fractions were separated from the unsaponifiable fraction by silica gel plate chromatography, and later they were analyzed 
as the trimethylsilyl ether derivatives by capillary column gas chromatography. The validation results obtained were evalu-
ated in accordance with TGK-Olive Oil and Pirina Oil Communiqué (Communiqué No: 2010-35).
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INTRODUCTION

Olives, one of the oldest cultivated plants in the 
world; It belongs to the subspecies of Oleaceae fa-

mily, Olea genus, Olea europa strain, Olea europa sativa 
[1]. Olive is a typical Mediterranean plant that grows in 
warm and rainy winters and warm and dry in summers 
[2]. 

The qualities of olive oil vary depending on the appli-
cations of olive, plant growth, cultivation time, geog-
raphical and ecological conditions of growing place and 
degreasing methods [2-4]. Natural olive oil will not be 
able to defeat high acid, bad taste and smell are refined 
to reduce acidity. Refining is a kind of cleaning process. 
Only the unwanted aspects of the oil are eliminated. No 
foreign substance is added. At the end of this process, 
however, the peculiar flavor and odor of the olive oil 
also disappear. This acid-free, odorless and colorless oil 
is then recycled to 10-15% of its biological properties 
lost by mixing with natural oil. These oils are sold in the 
market as “riviera”.

Natural olive oil consists of two parts, saponifying (98-
99%) and non-saponifying (0,5-2%) [5,6]. The triglyceri-
des, mono-diglycerides, free fatty acids and fololipids 
present in the saponifying fraction of about 98-99% of 
the olive oil and the other 1-2% constitute the phenolic 
substances, tocopherols, sterols, squalene, carotenoids 
and chlorophyll in the non-saponifying fraction  [7,8]. 
Sterols are natural components that appear in many 
plant and animal species. They are also essential for hu-
man and animal dietary requirements. The sterol frac-
tion is considered to be important for evaluation of the 
purity of oil samples. The sterol fraction has also been 
used to typify olive oils from certain geographic zones 
and to control their authenticity [9]. 

It is aimed to determine the characteristics of the pro-
duction of olive oils, techniques, preparation, proces-
sing and marketing according to the legislation. In this 
context, quality and purity criteria determined accor-
ding to different oil types are monitored regarding me-
eting consumer rights and expectations and protection 
of human health. Sterol determination is the most im-
portant method in determining the purity of olive oil 
and determining the extent of the attack. Total sterol 
content and sterol composition should be determined 
to determine whether other vegetable oils are mixed 
with olive oil. This condition can be detected by sterol 

analysis even if prina oil is added. Sterol detection is car-
ried out using the chromatographic apparatus and ma-
inly using the Gas Chromatography-Flame Ion Detector 
(GC-FID) system.

This study aimed to determine the amount of 30 refined 
olive oil and pyrene oils (Olive oil factories in the olive 
oil dish after the squeezing of olives is called pirina. Piri-
na consists of oil, water, core and pulp. In general, 15-22 
kg of olive oil from 100 kg olive oil, 35-45 kg of pirina 
is obtained. Pirina oil is used in soap, paint and similar 
industries. It is also possible to use this oil as cooking 
oil, for example, in Italy, 98% of this oil is consumed as 
edible. In a study conducted in our country, it was sta-
ted that certain conditions were complied with and that 
if the pyrexia was dried and dried, the criteria of the 
physical and chemical properties of this oil would be 
very close to the criteria given for olive oil and the prina 
oil would carry the edible oil) supplied by the markets 
of Adana, Osmaniye and Mersin in 2015 and 2016, com-
positional analysis of the sterol fraction and triterpenic 
dialcohols  with capillary colon gas chromatography and 
in the mediterranean region.

MATERIALS and METHODS

Preparation of Samples
The olive oil samples from the original unopened packa-
ge from the grocery store were kept in the refrigerator 
at +3/+4˚C until analytical reception. In our study, 30 re-
fined olive oil and pirina oils were used. Also validation 
studies have been carried out in the analysis method 
used.

Analysis Procedures
Firstly, α-cholestanol was added to the olive oil samp-
les, so that the material was saponified with ethanolic 
potassium hydroxide and then the non-saponified ma-
terials were extracted with diethyl ether. The fraction of 
sterol and triterpenic alcohols was separated from the 
other non-saponified materials by thin layer chroma-
tography on a basic silica gel plate. After preparation of 
the sterol and triterpenic dialcohol band trimethylsilyl 
esters on the plate, the capillaries were injected for co-
lumn GC injection.
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Used chemicals
Potassium hydroxide: At least 85% pure, 2 M Ethanolic 
potassium hydroxide solution, Ethyl ether: Analytical 
purity, 0.2 M ethanolic potassium hydroxide solution, 
Anhydrous sodium sulfate: Analytical purity, Glass pla-
tes: 20x10 TLC plate ready for use, Acetone: Chromatog-
raphic purity, n-hexane: Chromatographic purity, Ethyl 
ether: Chromatographic purity, Ethanol: Analytical pu-
rity, Ethyl acetate: Analytical purity, Anhydrous pyridine: 
Chromatographic purity, Hexamethyl disilizane: Analyti-
cal purity, Trimethylchlorosilane: Analytical purity, Ste-
rol trimethylsilyl ether reference solutions, n-hexane/
ethyl ether 65: 1 (w/v) solution of phenolphthalein: 10 
g / (v/v), Carrier gases: High purity hydrogen, Auxilary 
gases: High purity hydrogen, nitrogen and dry air.

Analysis by Gase Chromatography
Chromatograms were obtained using a Shimadzu brand 
GC (serial no. C11915100684) instrument. The inlet of 
the column is connected to the split injection system 
and the outlet is connected to the gas chromatograph 

by connecting to the detector. A general check of the 
gas chromatograph is made (gas flow, the activity of 
detector and recorder etc.). Working conditions; Heater 
20-35 cm/s, hydrogen 30-50 cm/s, split ratio: 1: 1, tem-
perature of furnace: 260 ± 5°C, injection temperature: 
280-300°C, detector temperature: 280-300°C, linear 
velocity of carrier gas: 50-1: 100 range, device accuracy: 
between 4 and 16 times the lowest value, quantity of in-
jected substance: 0.5-1 μL trimethylsilyl ester solution.

Evaluation and Calculation of Result
The identification of each peak was made by comparing 
the retention times and the retention times of the ste-
rol and triterpene alcohol trimethylsilyl esters analyzed 
under the same conditions [10]. Retention times for 
β-sitosterol for SE-52 and SE-54 columns are given in 
Table 1.

Pig
Definition    Relative retention time (minutes)                          

Trade Name IUPAC Name
SE 54

Column
SE 52

Column

1 cholesterol Δ-5-cholesten-3β-ol 0.67 0.63

2 cholestanol 5α-cholestan-3β-ol 0.68 0.64

3 brassicasterol [24S]-24-methyl-Δ-5,22-cholestadien-3β-ol 0.73 0.71

* ergosterol [24S]-24-methyl-Δ-7-22-cholestatrien-3β ol 0.78 0.76

4 24-methylene-cholesterol 24-methylene-Δ-5,24-cholestan-3β-ol 0.82 0.80

5 campesterol (24R)-24-methyl-Δ-5-cholestan-3β-ol 0.83 0.81

6 campestanol (24R)-24-methyl-cholestan-3β-ol 0.85 0.82

7 stigmasterol (24R)-24-ethyl-Δ-5,22-cholestadien-3β-ol 0.88 0.87

8 Δ-7-campesterol (24R)-24-methyl-Δ-7-cholestan-3β-ol 0.93 0.92

9 Δ-5,23-stigmastadienol (24R,S)-24-ethyl-Δ-5,23-cholestadien-3β-ol 0.95 0.95

10 klerosterol (24S)-24-ethyl-Δ-5,25-cholastadien-3β-ol 0.96 0.96

11 β-sitosterol (24R)-24-ethyl-Δ-5-cholestan-3β-ol 1.00 1.00

12 sitostanol 24-ethyl-cholestan-3β-ol 1.02 1.02

13 Δ-5-avenasterol (24Z)-24-ethyliden-5-cholestan-3β-ol 1.03 1.03

14 Δ-5.24-stigmasthadienol (24R,S)-24-ethyl-Δ-5,24-cholestadien-3β-ol 1.08 1.08

15 Δ-7-stigmasthenol (24R,S)-24-ethyl-Δ-7,24-cholestadien-3β-ol 1.12 1.12

16 Δ-7-avenasterol (24Z)-24-ethyliden-Δ-7-cholestan-3β-ol 1.16 1.16

17 erithrodiol 5α oleate-12en-3β28 diol 1.41 1.41

Table 1. Retention times for sterols and triterpene dialcohols.
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Calculation of the Amount of Sterol
The amount of each sterol was calculated in mg/kg as 
follows [10].

m
ms

×
××

=
s

x

A
1000A  xsterol

Calculation of triterpen dialcohols
Calculation of erythrodiol and uvaol percentage uvaol 
[10]. 

Evaluation of Results
The amount of each sterol was calculated, for example, 
in mg/kg and the sums were calculated in mg/kg as to-
tal sterols. The percentage of each sterol was calculated 
from the ratio of the corresponding peak area to the 
total peak area of the sterols [10].

RESULTS and DISCUSSION

Within the scope of the method validation studies; 
Detection limit and measurement limit, linear measu-
rement range, reproducibility, reproducibility and back-
wardness by two analysts achievement studies were 
made.

Repeatability
By two analysts; 6 pieces of recovery work were done in 
the case of olive oil. For the repeatability limit (r); I. and 
II. analyst data were separately calculated according to 
the following formula: r = 2.8 x sr (standard deviation). 
Total sterol repeatability studies in refined olive oil were 
given in Table 2, and erythrodiol and uvole repeatability 
studies in refined olive oil were given in Table 3.

1. analyst 2. analyst

1 2361.26 1948.88

2 1699.02 1791.65

3 1966.36 1868.20

4 2039.87 1789.86

5 2334.81 1999.76

6 2025.00 2457.88

Xort (mg/kg) 2071.06 1976.04

Sr (mg/kg) 247.49 250.51

RSDr (%) 0.12 0.13

r (mg/kg) 692.97 701.42

Table 2. Total Sterol repeatability studies in refined olive oil.

100
A

A  x sterol % x ×=
∑

1. analyst 2. analyst

1 2.47 3.16

2 3.28 3.19

3 2.02 2.35

4 2.57 2.29

5 2.50 2.28

6 2.70 2.40

Xort (%) 2.59 2.61

Sr (%) 0.41 0.44

RSDr (%) 0.16 0.17

r (%) 1.14 1.23

Table 3. Triterpenic dialcohols (Erythrodiol and Uvaol) repeatability studies in refined olive oil.
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Reproducibility
I. and II. The reproducibility data of the analyst was eva-
luated as reproducibility data. Reproducibility limit (R); 
Calculated according to the formula R = 2.8 x Sr. F test 
was applied to standard deviations obtained from the 
results of two analysts. Since the difference between 

the standard deviations between the individuals was in-
significant, the reproducibility standard deviations were 
obtained by combining the data of the two analysts and 
here reproducibility limits were found as shown in Table 
4 and Table 5.

1. analyst 2. analyst

1 2361.26 2164.34

2 1699.02 2188.04

3 1966.36 2044.20

4 2039.87 1950.21

5 2334.81 2106.56

6 2025.00 1902.14

7 2322.59 1948.88

8 1670.56 1791.65

9 1680.48 1868.20

10 1667.04 1789.86

11 2347.56 1999.76

12 1650.19 2457.88

Xort (mg/kg) 1980.40 2017.64

Sr (mg/kg) 301.61 190.98

RSDr ( %) 0.15 0.09

r (mg/kg) 844.50 534.75

Table 4. Total sterol reproducibility studies in refined olive oil.

1. analyst 2. analyst

1 2.47 3.16

2 3.28 3.19

3 2.02 2.35

4 2.57 2.29

5 2.50 2.28

6 2.70 2.40

7 2.88 2.24

8 2.66 2.28

9 3.07 2.29

10 3.02 2.16

11 3.06 1.90

12 2.73 1.66

Xort  (%) 2.75 2.35

Table 4. Total sterol reproducibility studies in refined olive oil.
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Forty three olive (Olea europaea L.) cultivars from the 
World Olive Germplasm Bank, IFAPA Centro ‘Alameda 
de Obispo’, Cordoba, Spain were studied for their oil 
sterol composition and total content. The main ste-
rols found in olive oil were β-sitosterol, Δ5-avenasterol, 
campesterol and stigmasterol, most of them showing 
high variability. Most cultivars showed total sterol con-
tents within the limits established by EU regulations, alt-
hough 28% of virgin olive oil analysed were outside the 
limits established for total content and/or for individual 
sterols. Over the group of cultivars, total sterol contents 
ranged from 855 to 2185 mg/kg [11]. In another study, 
seven wild olive trees were identified by examining ste-
rol and triterpenic dialkol compounds with those of vir-
gin olive oil obtained from Chemlali and Chetoui olives 
cultivated plants grown under the same pedoclimatic 

conditions.The main sterol found in all the samples is β 
Sitosterol, followed by Δ5-avenasterol. MAT22 oleaster 
shows the highest value for β-sitosterol (87.18%), whe-
reas SB12 oleaster is characterised by the lowest per-
centage of β-sitosterol (71%) and the highest one of Δ5-
avenasterol (21.73%). For the remaining varieties, the 
levels of b-sitosterol and Δ-5-avenasterol are within the 
range of 74–86% and 4–17%, respectively. Sterol con-
tent of oils was below the upper legal limit of 4% in all 
nalysed samples, with a range from 1.05% to 3.40% [12]. 

Free and esterified sterol concentrations in 31 edible 
oils and fats were determined, including individual valu-
es for sitosterol, campesterol, stigmasterol, brassicaste-
rol, Δ5-avenasterol, sitostanol, campestanol, and cho-
lesterol [13]. Considerable variability in the proportion 

Figure 1. Gas chromatogram of the fraction of sterol and refined olive oil.
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of free and esterified sterols was observed among dif-
ferent oils and fats, with free sterols ranging from 32 to 
94% of total sterols. Refining or hydrogenation tended 
to decrease total sterols and increase Esterified sterols. 
Differences in total phytosterol content and the pro-
portion of free and esterified sterols also were evident 
for different samples of some oils. Among four soybean 
oils, total phytosterols ranged from 205 to 287mg/100 
g, and free sterols constituted 68–81% of total sterols; 
two different shortenings differed 62% in total sterol 
content (185-301mg/100 g). Such variability in phytos-
terol composition likely reflects differences in proces-
sing, growing season, or the variety of a particular plant 
source. In 2008 determined the first liquid chromatog-
raphic method for the identification and quantification 
of seven phytosterols in olive oil. Sterols were identifi-
ed and quantified by liquid chromatography with mass 
spectrometry detection in positive APCI (atmospheric 
pressure chemical ionisation) mode. The method pre-
sented values between 123 and 677 ng/ mL for detec-
tion limits, with relative standard deviations between 
4.0% and 5.4% at a concentration of 5 mg/L for each 
sterol [14]. 

When we examine our other studies and research re-
sults on this issue, total sterol was found between 1699 
and 2347 and Triterpenic dialcohols (Erythrodiol and 
Uvaol) was found between 1.66 and 2.28. It has been 
determined that the recovery rates,  reproducibility 
and standard deviation values of reproducibility per-
centage according to the obtained results are following 
the acceptance criteria specified in the TGK - Olive Oil 
and Pyrine Oil Communiqué [15,16].  These results are 
similar to those reported by other workers in other oli-
ve-growing zones [17]. Salvador et al. [18] describe ste-
rol profiles similar for the Cornicabra cv. A similar case 
has been cited by Guillaume et al. [19] for Frantoio, Bar-
nea and Picual cvs., grown in Australia and by Giuffrè 
and Louadj for Cassanese, Coratina, Itrana, leccino, No-
ciara, Ottobratica, Peudolino, Picholine and Sinopese 
cvs. grown in the area of Rizziconi (South West Calabria) 
[20, 21].

CONCLUSION

The sterol and erythrodiol + uvaol composition is an in-
dicator of the authenticity of virgin olive oil. Sterols are 
the main constituents of the unsaponificable fraction, 

with their content corresponding to approximately 20 
% of the oil’s total unsaponificable matter. All of the ste-
rols in our work are within the limits established by EU 
regulations.
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