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Abstract
Camelina oil has a high sterol concentration and is rather expensive compared to other vegetable oils. Because of its 
higher price, it is often adulterated by the addition of other, cheaper oils. This study was performed to validate a method 
for sterol determination in camelina oil, enabling the detection of camelina oil adulteration. Sterol levels in camelina oil 
samples were determined by gas chromatography after saponification and solid phase extraction. The method was vali-
dated, and the results proved that the chosen method is specific and selective, repeatable and accurate. The quantitatively 
assessed average contents of sterols in camelina oil samples of Slovenian origin were 21.4 mg 100 g–1 for brassicasterol, 
153.6 mg 100 g–1 for campesterol, 3.9 mg 100 g–1 for stigmasterol, and 447.0 mg 100 g–1 for β-sitosterol. Results of 
camelina oil authenticity studies regarding botanical origin, performed by Principal Component Analysis (PCA) and 
Regularized Discriminant Analysis (RDA) enabled us to differentiate 100 % camelina oils from camelina oils adulterated 
with 10%–40% added sunflower, rapeseed or soya oil. 
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1. Introduction
In Slovenia, the production of camelina (Camelina 

sativa (L.) Crantz) is maintained as an alternative oilseed 
crop with nutritionally important value in seed or oil form. 
Botanically, camelina belongs to the Brassicaceae family; it 
is also known as false flax, gold of pleasure, or leindot-
ter.1–4 Recently, camelina oil has been recognized as a po-
tential functional food because of its positive properties 
and its chemical composition.1–3 Camelina oil is also used 
for biofuel and in the cosmetics industry.5 It is an econom-
ically beneficial crop plant as it is drought tolerant, with 
low need for pesticide and fertilizer inputs.3 Dried cameli-
na seeds contain 30%–40% oil, depending on the season of 
harvesting.5 Camelina oil is produced by crushing and 
warm-pressing the seeds, although it is very susceptible to 
oxidation that can lead to oil quality loss.3–5

The nutritional value of a functional food depends 
on its chemical composition. Camelina oil is comprised of 
50% polyunsaturated fatty acids, 40% α-linolenic acid, and 
about 15% linoleic acid.1,3,4 Unlike other common cooking 
oils (such as soya, sunflower, or olive oil), camelina oil is 

the only oil containing oleic acid (15%–20%), gondoic acid 
(10%–15%) and erucic acid (3%).1,4,5 From the nutritional 
point of view, a diet with camelina oil could improve n6/n3 
balance.1 Furthermore, camelina oil has self-protective an-
tioxidative efficiency because of its high tocoferol content, 
700 mg kg–1 on average (α-tocoferol, β-tocoferol, δ-to-
coferol).4,6 High glucosinolate content in camelina oil in-
dicates it has more positive effects due to oxidative stabili-
ty.6 Toward the oil oxidation high phenolic compounds 
content as chlorogenic acid in the range of 128 mg kg–1 
could have big impact on oil quality.5

Phytosterols (plant sterols) are considered to be nu-
tritionally important dietary lipids as unsaponifiable com-
ponents of oils. Recently, phytosterols have been incorpo-
rated into functional foods.7 It has been suggested that 
phytosterols, in cooperation with other secondary plant 
metabolites, could act as cancer preventive substances.8 
Chemical structure and biochemical functions of phytos-
terols are similar to that of cholesterol, however there are 
differences in synthesis, intestinal absorption and meta-
bolic rate. Consequently, phytosterols compete with cho-
lesterol for absorption, causing the inhibition of cholester-
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ol absorption, and the reduction of total plasma cholester-
ol and low-density lipid (LDL) cholesterol.9–11 The exact 
mechanisms involved in the inhibition of cholesterol ab-
sorption are poorly understood, although there are various 
theories.12 30%–50% of cholesterol is absorbed into blood, 
while the phytosterols are absorbed in less than 15%.13 Re-
cent literature indicates that phytosterols are absorbed un-
der the same conditions as cholesterol and other lipids.7 It 
has been shown that a 2 g daily intake of stanols and sterols 
reduces LDL by 10%, while higher intakes of stanols and 
sterols does not result in bigger reduction of LDL.13 More 
recently, a 10% reduction of total cholesterol concentra-
tion was observed in plant sterol therapy. In addition, 
there was no observed difference between low-fat diets 
and phytosterol consumption, resulting in a lowering of 
cholesterol levels.10 Sitosterol, campesterol and stigmas-
terols are the most abundant phytosterols among more 
than 40 identified phytosterols in plant oils.13

Choosing the appropriate method for sterol concen-
tration determination in vegetable oils is not an easy task, 
particularly where the mixture of the non-saponifiable 
components in food lipids results in a complex matrix. The 
analytical technique for sterol determination includes ex-
traction, isolation, separation, purification, detection, and 
quantification steps. The combination of Solid Phase Ex-
traction (SPE) with the use of a Gas Chromatography–Sin-
gle Flame Ionization Detector (GC-FID) is considered as 
the most used and appropriate method for determination 
of sterol concentration.2,9,12,14–21

The aim of this study is to validate the method of 
sterol determination in camelina oil. Additionally, the 
weather effect on sterol concentration was checked. Due 
to its high quality, camelina oil is a target of fraudulent 
adulteration with cheaper products of lower quality. 
Therefore, in this study the validated method was used 
for authenticity studies in order to exclude oils adulterat-
ed with soya, sunflower, rapeseed, or other oils that be-
long to the same or different botanical families (Asteroi-
dae, Fabacae, etc.) from 100 % camelina oils. Apparently, 
these oils are widely used for this purpose, especially soya 
and sunflower oil.14,17 Rapeseed oil was used since it is 
quite common, relatively cheap, and falls into the same 
family as camelina (Brassicacae),5,14 unlike of sunflower 
(Asteroidae) and soya (Fabacae). Some reports are avail-
able where camelina oil is considered to be unique ac-
cording to the chemical composition in comparison to 
sunflower, rapeseed and soya oil.1,5 To investigate the 
fraudulent adulteration of camelina oil, 10%–40% by 
weight of soya, sunflower or rapeseed oil was added. Ob-
tained results of sterol concentration in analysis were 
then used as input parameters for PCA and RDA to de-
termine if they could be used for the differentiation of 
pure camelina oil from other oils. PCA and RDA are mul-
tivariate statistical methods that are widely used in au-
thenticity studies of agricultural and food products where 
botanical and geographical origins are investigated.5,22

2. Experimental
2. 1. Vegetable Oils 

Twenty-one authentic camelina seed samples, repre-
senting Camelina sativa landrace grown by local farmers 
in the Koroška region, Slovenia, were obtained from sup-
pliers and farmers in three consecutive years (2007, 2008, 
2009) as described by Hrastar et al..5 Samples were accom-
panied by the details of year of harvest. Seeds were cold 
pressed with a manual oil expeller (Piteba, The Nether-
lands) at room temperature. Pure sunflower, rapeseed, and 
soya oil was purchased at a local oil producer and used for 
preparing the adulterated samples. Samples were frozen at 
20 °C until use.

2. 2. Chemicals 
The reagents ethanol (99.8%), betulin (97.5%), chlo-

roform (99.0%–99.4%), methanol (99.9%), stigmasterol 
(95%), campesterol (65%), brassicasterol (98%), and β-sit-
osterol (90%) were bought from Sigma-Aldrich. Potassi-
um hydroxide was purchased from Riedel-de Haёn. Bulk 
standards of individual sterols were prepared in a metha-
nol/chloroform solution (5% v/v). Working reference 
standards were prepared in the following concentrations: 
campesterol (1 mg mL–1), β-sitosterol (5 mg mL–1), stig-
masterol (10 mg mL–1) and brassicasterol (5 mg mL–1). All 
used chemicals were of p.a.

2. 3. Sample Preparation
Sample preparation is one of the most critical steps 

in the analysis. Saponification was first employed, followed 
by solid phase extraction.18,19 For sterol determination, gas 
chromatography was used. Our protocol was developed 
based on the protocol described by Toivo et al. with minor 
modifications.18

We used 0.74 g of oil sample and 10 ml 0.5 M KOH in 
ethanol was added. After mixing, the samples were heated to 
77 °C for 20 minutes and then cooled. Adding 10 ml of bet-
ulin (internal standard in concentration of 0.22 mg mL–1) in 
chloroform was performed, and the solution was mixed 
well for 5 minutes. After the sludge settled, the liquid in 
upper portion of the container was used for further ex-
traction. The phytosterols were then extracted by SPE, using 
C18-E cartridges (conditioned strata with silicon-based sor-
bent type), purchased from Phenomenex. The tubes volume 
was 6 mL and the sorbent mass 500 mg. For conditioning 
the cartridges were washed out with methanol (5 mL) and 
then with chloroform (5 mL). Then, in saponificated sam-
ple 1 mL of internal standard was added and transferred 
into the tube. Sterols were eluted with 15 mL methanol in 
chloroform (5 % v/v). The extract was evaporated to dry-
ness with vacuum evaporation at 35 °C and the sterol frac-
tion was re-dissolved in 1 mL of the same solvent (metha-
nol in chloroform (5 % v/v) after it.



1165Acta Chim. Slov. 2020, 67, 1163–1171

Kolenc et al.:   Determination of Camelina Oil Sterol Composition   ...

2. 4. Gas Chromatography

Gas chromatography was performed with Agilent 
model Hewlett-Packed 6890 gas chromatograph (Hoof-
doorp, The Netherlands) equipped with a flame ionization 
detector. An HP-5 GC column (J&W Scientific, 30 m × 
0.25 mm i.d. with film thickness 0.25 µm, 5% diphenil/95% 
dimethylpolysiloxan) was used. A constant flow of helium 
at 1 ml min–1 was used as a carrier gas in splitless mode. 
Injector temperature was 32 °C and the temperature of the 
detector was set to 300 °C. The temperature program was 
increased from 220 to 350 °C at a rate of 3 °C/min, and 
then kept at 350 °C an additional 6 minutes. The sample 
injection volume was 2 µL. Brassicasterol, stigmasterol, 
β-sitosterol, and campesterol were identified by compar-
ing the retention times of the pure standards. For identifi-
cation of brassicasterol, stigmasterol, β-sitosterol, and 
campesterol, the retention times were compared to exter-
nal standards. Additionaly standards were added into the 
sample to check the matching of the increasing of individ-
ual peaks in chromatograms. The quantification was per-
formed by using internal standard betulin.

2. 5. Method Validation
Specificity and selectivity was checked by compari-

son of retention times for brassicasterol, campesterol, stig-
masterol and β-sitosterol. Repeatability and reproducibili-
ty was done on two consecutive days with six measurements 
of the same camelina oil sample. Recovery was performed 
with the addition of 16.7 mg of brassicasterol, 3.6 mg of 
stigmasterol, 81.2 mg of stigmasterol, and 16.6 mg of β-sit-
osterol sepaterely for each of them and the standards were 
added before the extraction of sample. The linearity of the 
method for standards was made with the calculation of 
correlation coefficient over the working range of 0.058 to 
0.220 g L–1 for betulin, 0.00154 to 0.15 g L–1 for brassicast-
erol, 0.00544 to 0.6 g L–1 for campesterol, 0.00307 to 0.3 g 
L–1 for stigmasterol, and 0.0082 to 0.8 g L–1 for β-sitosterol. 

2. 6.  Weather Conditions’ Impact to Sterol 
Composition in Camelina Oil
The sterol composition of samples from three differ-

ent years was compared, considering the climate condi-
tions of average temperature, amount of precipitation, and 
relative humidity during the growing season of March 1 
through August 31. Climate data was obtained from the 
Slovenian Environmental Agency’s weather forecast sta-
tion Šmartno pri Slovenj Gradcu.

2. 7. Detection of Camelina Oil Adulteration 
For adulteration analyses, the mixtures of cameli-

na oil with sunflower, rapeseed, and soya oils at levels of 
10, 20, 30, and 40% were prepared. Statistical analysis 

was performed using the SCANWIN software (Minitab 
Inc., USA). The applied chemometric methods were 
principal component analysis and regularized discrimi-
nate analysis. 

3. Results and Discussion
3. 1. Method Validation

At first, camelina oil samples collected from Slove-
nian producers were used for the method validation in the 
laboratory. Chromatographic peaks were identified on the 
basis of retention time in comparison with the standards 
brassicasterol, campesterol, stigmasterol, and β-sitosterol, 
and the internal standard betulin. Retention times were 
from 7.20 to 8.05 minutes for sterols and 10.63 minutes for 
the internal standard betulin. A random sample was used 
to determine the specificity and selectivity of the method, 
as shown in Figure 1 and Table 1. The described sample 
preparation enabled the complete separation of the sterols 
of interest from the camelina oil. The results show that the 
method is specific and selective since there were no over-
lapping peaks.

Table 1. Retention times for sterols and internal standard (betulin).

Sterol name tr (min) Linear Retention  Identifier  Indices

brassicasterol 7.218 2640 iu 1
campesterol 7.419 2632 iu 2
stigmasterol 7.806 2739 iu 3
β-sitosterol 8.053 2731 iu 4
internal standard 
(betulin) 10.631 3090 iu 5

The validation shows the method is repeatable, re-
producible, linear, and with good recovery of samples 
from 85.08 to 98.11%, together with acceptably low stan-
dard deviation (Table 2). Repeatability of the method was 
tested with 12 individual determinations at the concen-
trations comparable with those determined in real sam-
ples. Relative standard deviations for all four sterols were 
between 4.9 and 7.8% (Table 2). Accuracy was tested with 
relatively low concentrations with the standard addition 
of a particular sterol into the real sample. Recoveries for 
all four sterols were higher than 85% (Table 2). Linearity 
of the method was tested at 6 different concentrations 
covering the range where all analysed samples were found 
to be. The correlation coefficient were all higher than 0.99. 
For the purpose of method validation limits of detection 
and quantifications were not determined since all anal-
ysed sterols were present in the samples at much higher 
concentrations within the linear concentration range and 
the results for repeatability and accuracy showed satisfac-
tory results. 



1166 Acta Chim. Slov. 2020, 67, 1163–1171

Kolenc et al.:   Determination of Camelina Oil Sterol Composition   ...

3. 2. Sterol Content in Camelina Oil

Sterols were found in 21 samples of authentic came-
lina oil. The results for each year of production are present-
ed in Table 3.

The average concentration of brassicasterol in all 
camelina oil samples, regardless of the year of production, 
was 21.4 mg 100 g–1, which is comparable with other re-
search results,11 who found the same sterol in camelina oil 
in the concentration 27 mg 100 g–1. For campesterol, we 
determined the concentration averaged 153.6 mg 100 g–1, 
while in other research11 it was determined their concen-
tration as 117 mg 100 g–1. In addition, the stigmasterol 
concentration of 3.9 mg 100 g–1 was comparable to other,11 
who found a concentration of 5.6 mg 100 g–1. The β-sitos-
terol concentration was 447.0 mg 100 g–1 in our camelina 
samples, while Schwartz et al. found lower11 but compara-
ble values (300 mg 100 g–1). 

3. 3.  Sterol Content in Three Different Years 
of Harvest

Detailed camelina oil samples of different harvest 
years were used to determine the correlation, and the ef-
fects of growth conditions, on sterol content as it was 
described for fatty acids and tocopherols.1 The results of 
the sterol content analyses in camelina oil from the har-
vest years 2007, 2008, and 2009 revealed small differenc-
es. There were no statistically significant differences in 
sterol composition in the different harvest years. This 
was confirmed using calculated t-values between differ-
ent years (data not shown here). The basic data for sterol 
composition in three consecutive years is presented in 
Table 3.

In Table 4, the weather conditions during the grow-
ing seasons (usually March 1 through August 312,5) are 
described. There were no significant differences between 

Figure 1. Gas chromatogram of camelina oil sample. Identifiers are the same as in Table 1.

Table 2. Results of the method validation parameters.

Sterol Linearity- Linearity – Correlation SD**  RSD Recovery***
name range* (mg L–1) equation coeficient – R2 (mg 100 g–1) (%) (%)

brassicasterol 1.54 –150 y=1827x + 6.345 0.994 ± 0.9 ± 4.9 85.72
campesterol 5.44 –600 y=2588x – 19.05 0.997 ± 11.2 ± 6.6 89.95
stigmasterol 3.07 –300 y=2381x – 3.831 0.991 ± 0.4 ± 7.8 85.08
β-sitosterol 8.20 –800 y=2181x – 32.73 0.996 ± 36.5 ± 6.9 98.11

*linearity at 6 points  **standard deviation at 12 repetitions for brassicasterol at concentration in oil 18.5 mg 100 g–1, campesterol at concentration 
177.5 mg 100g–1, stigmasterol 5.1 mg 100 g–1, β-sitosterol 521.1 mg 100 g–1.  ***recovery for brassicasterol at concetration 5.55 mg L–1, campesterol 
at concentration 3.34 mg L–1, stigmasterol at concentration 8.12 mg L–1, β-sitosterol at concentration 16.67 mg L–1.
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the three years. There is no connection between weather 
conditions and sterol content.

3. 4. Sterol Content in Other Oils
Sunflower, rapeseed, and soya oils were also ana-

lyzed, and the sterol content of these oils is presented in 
Table 5. 

For sunflower oil, there were concentrations detected 
at 35.9 mg 100 g–1, 91.1 mg 100 g–1, 91.5 mg 100 g–1, and 
345.5 mg 100 g–1, respectively for brassicasterol, campes-

terol, stigmasterol and β-sitosterol. In another study were 
found lower concentrations of brassicasterol, campesterol 
and stigmasterol.11 While the obtained β-sitosterol concen-
tration was comparable with our results. For rapeseed oil, 
our results for sterol concentrations were comparable to 
similar research.11,21 One study found brassicasterol con-
tent in rapeseed oil as 71–78 mg 100 g–1, 271–315 mg 100 
g–1 for campesterol, 3–5 mg 100 g–1 for stigmasterol, and 
376–430 mg 100 g–1 for sitosterol.11 Also, it was found that 
sterol composition of rapeseed oil was comparable to our 
results: brassicasterol 69.6 mg 100 g–1, campesterol 232.5 
mg 100 g–1, stigmasterol 2.4 mg 100 g–1, and β-sitosterol 
324.7 mg 100 g–1.23 In soya oil, only two sterols were found: 
stigmasterol in average concentration of 114.7 mg 100 g–1, 
and 314.7 mg 100 g–1 for β-sitosterol (Table 5, Figure 2). 

3. 5. Authenticity Studies of Camelina Oil
For the authenticity studies, the sunflower, rapeseed 

and soya oils were used to adulterate camelina oil in ranges 
of 10, 20, 30, and 40%. The results of sterol determination 
are shown in Table 6.

Table 3. Camelina oil samples detailed with year of oil production and sterol composition. Mean, Standard Deviation, Relative Standard Deviation, 
Minimum and Maximum of Camelina oil samples with regard to the year are given.

 Brassicasterol Campesterol Stigmasterol β-sitosterol

Camelina oil samples (year 2007)
Mean (N = 8) (mg 100 g–1) 23.2 162.6   3.8 492.1
± SD   5.1   21.5   1.8   65.1
± RSD (%) 22.1   13.2 48.5   13.2
min 18.7 134.8   1.7 391.0
max 34.5 199.4   6.9 549.7
Camelina oil samples (year 2008)
Mean (N = 6) (mg 100 g–1) 20.6 153.8   4.3 432.5
± SD   4.3   20.5   1.5   59.0
± RSD (%) 21.1   13.4 35.0   13.6
min 15.9 135.8   2.1 405.0
max 27.7 187.7   6.6 552.8
Camelina oil samples (year 2009)
Mean (N = 7) (mg 100 g–1) 20.1 143.1   3.6 407.8
± SD   3.6   18.9   1.8   54.3
± RSD (%) 18.0   13.2 49.1   13.3
min 16.1 121.8   1.4 324.1
max 26.6 176.4   5.6 472.5
Mean of all camelina oil  
samples  (N=21) (mg 100 g–1) 21.4 153.6 3.9 447.0

Table 4. Weather conditions from March to August reported by the 
Slovenian Environmental Agency.

 Average  Average relative Total amount
Year temperature humidity  of precipitation
 (°C) (%) (mm)

2007 14.7 ± 5.5 73.2 ± 4.4 798.4
2008 13.9 ± 6.2 74.8 ± 3.8 746.9
2009 14.5 ± 5.7 73.0 ± 2.4 706.5

Table 5. Sterol content in sunflower, rapeseed and soya oils used for adulteration.

 Sterol concentration (mg 100 g–1)
Oil/sterol name Brassicasterol Campesterol Stigmasterol β-sitosterol

Sunflower 35.9 ± 3.2   91.1 ± 50.2    91.5 ± 13.0    345.5 ±142.5
Rapeseed 10.4 ± 5.1 472.4 ± 25.6    5.5 ± 5.7   565.9 ± 84.1
Soya  0.0 0.0 114.7 ±16.7 314.7 ± 8.0
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PCA (Figure 3) was applied to the data matrix formed 
by sterol composition in pure camelina oils, and in samples 
mixed with sunflower, rapeseed and soya oils. On the score 
plot of the first two principle components, which account 
for 60.6% and 22.7% of variance respectively, good visual 

discrimination was obtained. The first two PC account 
83.3% of total variance, while PC3 and PC4 contain 12.4 
and 4.3% of variance. Results clearly indicate that the PCA 
analysis separated pure camelina oil samples from the adul-
terated ones. Moreover, three different groups of adulterat-

Figure 2. Comparison of camelina, soya, sunflower and rapeseed oil sample gas chromatogram: identifiers are the same as in Table 1.

Table 6. Sterol content of adulterated camelina oil (mg 100 g–1) with sunflower, rapeseed or soya oil.

Oil mixture name % of oil adulteration Brassicasterol Campesterol Stigmasterol β -sitosterol

 10 % 55.7 206.3   7.4 463.1

Camelina+Sunflower 20 % 41.0 182.8   9.8 437.6
 30 % 35.2 197.1 14.3 495.7
 40 % 43.9 172.3 17.6 460.4

 10 % 48.2 275.7   9.8 585.7

Camelina+Rapeseed 20 % 41.7 286.3   4.0 550.8
 30 % 40.2 314.8   6.9 568.8
 40 % 34.5 371.1   5.9 640.0

 10 % 50.7 277.3 23.1 648.2

Camelina+Soya 20 % 45.8 265.7 28.6 616.2
 30 % 41.1 251.7 45.7 569.9
 40 % 34.4 211.6 49.3 452.4
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ed oils were found, according to the oil used for adultera-
tion. Comparison of the distribution taking into account 
also PC3 and PC4 has not resulted in a satisfactory discrim-
ination of groups what is expectable since they are carrying 
low variance information of 12.4 and 4.3% only.

The loading values of the variables associated to the 
first two principal components are reported in Table 7 and 
shown in Figure 4. In the Table 7 and Figure 4 the contri-
bution of the variables to the more significant principal 
components is shown. According to these values, pure 
camelina oils are described as samples with the lowest 
campesterol, mixtures with soya oil contain highest 
amount of stigmasterol, while mixtures with rapeseed oil 
are the most abounded by campesterol. 

Table 7. Loadings values of the variables associated with principal 
components calculated using sterol composition data

Sterol name PC1 PC2 PC3 PC4

brassicasterol –0.520 –0.107   0.831 –0.167
campesterol –0.563   0.315 –0.162   0.747
stigmasterol –0.338 –0.885 –0.316   0.050
β-sitosterol –0.546   0.326 –0.428 –0.642

Figure 3. Projection of 21 objects of camelina oil and 4 for mixtures 
of camelina with sunflower oil, 4 for mixtures of camelina with 
rapeseed oil and 4 for mixtures of camelina with soya oil, onto the 
plot defined by the first and second principal components. The PCA 
model was calculated based on sterol composition.

Figure 5. Classification of pure camelina oil and mixture clusters on the basis of the calculated RDA model and the results of validation model, using 
the cross-validation test. RDA model was calculated based on sterol composition. The RDA model was obtained based on sterol composition.

Figure 4. Principal components loading plot for PC1 and PC2 for 
the PCA model calculated based on sterol composition of 21 objects 
of camelina oil and 4 for mixtures of camelina with sunflower oil, 4 
for mixtures of camelina with rapeseed oil and 4 for mixtures of 
camelina with soya oil.

 After PCA (an example of an unsupervised chemo-
metric method), RDA (an example of a supervised meth-
od), was used to calculate the model for discrimination 
of samples and to validate the constructed model. Anal-
ysis with RDA (Figure 5) resulted in the formation of 
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four classes: pure camelina oil, camelina oil adulterated 
with sunflower oil, camelina oil adulterated with rape-
seed oil, and camelina oil adulterated with soya oil. All 
applied samples were identified correctly according to 
their botanical origin, independent of the amount of oils 
added. 

4. Conclusions
In conclusion, the present work proves that the 

method used is appropriate for sterol determination in 
camelina oil. This study confirms the unique sterol com-
position of camelina oil as a prerequisite for authenticity 
studies, based on sterol determination using gas chroma-
tography. Results of camelina oil authentication verify the 
use of authenticity studies based on sterol composition. 
For further research, it is recommended that sterol deter-
mination be combined with other minor components for 
adulteration investigations. This method would enhance 
the ability to prevent fraudulent adulteration.
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Povzetek
Ričkovo olje ima visoko vsebnost sterolov in je v primerjavi z drugimi rastlinskimi olji precej drago. Zaradi višje cene so 
zelo pogoste potvorbe ričkovega olja z dodatkom drugih, cenejših olj. Zgoraj opisana študija je bila izvedena za potrditev 
metode za določanje sterolov v ričkovem olju, ki omogoča odkrivanje potvorb ričkovega olja. Koncentracije sterolov v 
vzorcih ričkovega olja so bile določene s plinsko kromatografijo, pred tem pa smo opravili saponifikacijo in ekstrakcijo 
na trdni fazi. Metoda je bila validirana, rezultati pa so dokazali, da je izbrana metoda specifična in selektivna, ponovljiva 
in natančna. Kvantitativno določena povprečna vsebnost sterolov v vzorcih ričkovega olja slovenskega izvora je bila 
21,4 mg 100 g–1 za brasikasterol, 153,6 mg 100 g–1 za kampesterol, 3,9 mg 100 g–1 za stigmasterol in 447,0 mg 100 g–1 
za β-sitosterol. Potvorbe ričkovega olja glede na botanični izvor olja, smo opravili z analizo glavnih komponent (angl. 
Principal Component Analysis, PCA) in z regulatorno analizo diskriminacije (angl. Regularized Discriminant Analysis, 
RDA). Rezultati študije so pokazali, da lahko ločimo 100 % ričkovo olja od ričkovega olja, ki je potvorjeno z 10 % – 40 % 
dodanega sončničnega, repičnega ali sojinega olja .
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