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Abstract: Olive oil is more expensive than most of vegetable
and seed types of oil which makes extra virgin olive oil vulnerable
to adulteration. The aim of the study was to evaluate the effec-
tiveness of chromatographic fatty acid profile determination for
the detection of extra virgin olive oil adulteration with soybean,
sunflower and rapeseed oil. Multiple linear regression models
were built to predict the content of foreign oil in extra virgin
olive oil. Models A were built with the use of fatty acid pro-
files, while models B were built on the basis of calculated sums
of fatty acid groups and the relations between them. The predic-
tion ability of the models was assessed and confirmed using the
root mean square errors of calibration (RMSEC) and the root
mean square errors of cross validation (RMSECV). The lower
RMSEC and RMSECV were obtained for models A in the case
of models built for the data obtained for extra virgin olive oil
adulterated with soybean oils and rapeseed oil and equaled 1.4,
1.5 and 3.7, 4.4, respectively. In the case of MLR models built
for the data obtained for extra virgin olive oil adulterated with
sunflower oil a better prediction ability was obtained for model
B with RMSEC and RMSECV values at 1.6 and 1.8.

1. Introduction

Extra virgin olive oil is the most valuable and health promoting of all the categories
of olive oils and so, it is more expensive than most kinds of seed and nut oils, which
makes it vulnerable to adulteration. Foreign oils added to extra virgin olive oil can
be either olive oils of lower quality (e.g. olive pomace oil or virgin olive oil obtained
by second centrifugation of the olives), or seed oils (e.g. corn, soybean, sunflower or
rapeseed oil) (Peńa et al., 2005).

It is a real challenge to develop a rapid, reliable, cost effective analytical approach
for measuring adulteration of olive oils with other oils. Olive oil and other oils are
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composed mainly of triacylglycerols. Fatty acid composition of common edible fats
and oils is different (IUPAC, 2001). Olive oil contains more oleic acid and less linoleic
and linolenic acids than other vegetable and seed oils. Trade standards on olive oil
have designated specific chemical criteria including the fatty acid profile for determin-
ing the quality and purity of olive oil (IOC, 2011). Several instrumental techniques
to classify, authenticate and control the quality of olive oil samples have been de-
veloped, for example: GC (Fernandes-Silva et al., 2013), HPLC (Arslan and Özcan,
2011), NMR (Rezzia et al., 2005), NIR (Mannina and Segre, 2002), MIR (Sinelli
et al., 2010), FTIR spectroscopy (Maggio et al., 2010), fluorescence (Sayago et al.,
2004) and synchronous fluorescence spectroscopy (Sikorska et al., 2005; Dankowska
and Małecka, 2009; Dankowska et al., 2013a,b).

Fatty acid composition differs significantly among various kinds of oils. Olive oil
is composed mainly of monounsaturated fatty acids. The main fatty acid of olive oil
is oleic acid, which constitutes around 56 – 83 % of olive oil. Olive oil also contains
3.5 – 20.0 % of linoleic acid and less than 1 % of linolenic acid. Increased content of
linolenic acid in olive oil may indicate adulteration for example with sunflower oil. It
is known that the main fatty acid of sunflower oil is the linoleic acid (IUPAC, 2001).
High linoleic acid content is also characteristic of soybean oil. Olive oil also contains
saturated fatty acids, mainly palmitic acid 7.5 % – 20.0 % and stearic acid 0.5 – 5.0
%. Exceeded standardized palmitic acid amount may indicate contamination of the
olive oil with palm oil, and the presence of stearic acid suggests adulteration with
animal fats.

The aim of the study was to evaluate the effectiveness of chromatographic fatty
acid profile determination for the detection of extra virgin olive oil adulteration with
soybean, sunflower and rapeseed oil.

2. Materials and methods

Samples of 8 extra virgin olive oils, sunflower oils, soybean oils and rapeseed oils were
purchased in local shopping centres. Experimental mixtures were prepared, with 3,
5, 8, 10, 15, 20 and 25 % of seed oil in the extra virgin olive oil (w/w); they were
also prepared in triplicate. Methyl esters of fatty acids were prepared according to
the procedure included in PN – ISO 5509:1996. For each of these samples fatty acid
profile was determined with GC analysis.

Approximately 50 mg of oil was mixed with 1.0 mL of NaOH in 0.50 mol/L-1
methanol and heated in a bath at 75◦C until the dissolution of the fat globules. Next,
1.0 mL BF3 in methanol was added and the mixture was heated for another 2 min. 1
cm3 of heptane was added and heated for another 1 min. After cooling, approximately
2.0 mL of a saturated sodium chloride solution was added. The mixture was vigorously
stirred for 1 min, and after phase separation the top phase containing FAME was
collected for gas chromatography analysis (PN – ISO 5509:1996). Chromatographic
analysis was carried out on a Varian 3800, equipped with a flame ionization detector,
split injector, and a capillary column BPX-70 (dimensions: 60 cm, 0.25 mm, and
0.25 µm). The operation parameters used were: column temperature from 120 to
160◦C (incensement 8◦C/min) and text to 230 with incensement rate 1.5◦C/min)
The injector and detector were kept at 250◦C and 270◦C, respectively. The splitter
was used at 1/100. Injections of 1 µL sample were carried out in triplicate. The FAME
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were identified by comparison of the retention times of the sample constituents with
those of FAME MIX ’37’ standards (RESTECK).

Six fatty acids contained in the biggest amount in the olive oil were chosen for
further analysis (C16:0, C16:1, C18:0, C18:1, C18:2, C18:3). On the basis of the
determined content of fatty acids, the following parameters characterizing fatty acid
profiles were calculated: the sums of saturated fatty acids, unsaturated fatty acids,
monounsaturated fatty acids, polyunsaturated fatty acids, as well as the relations
between them. Statistical analysis was performed using Statistica 10.0.

3. Results and discussion

In Fig. 1 the determined fatty acid profiles of the samples of olive oils and seed oils,
including soybean, sunflower and rapeseed have been presented. These data indicate
the potential of gas chromatography for the discrimination between different kinds of
oils. Determined fatty acid profiles for test samples corresponded with the fatty acid
profiles within the IUPAC standards and significant differences in fatty acid content
was observed for olive oil, sunflower oil, soybean oil and rapeseed oil. Test samples of
olive oils contain mainly oleic acid, from 75.0 % to 77.9 %, palmitic acid, from 11.0
% to 12.0 % and linoleic acid from 5.7 % to 8.1 %. The total amount of other fatty
acids did not exceed 5 %.
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Fig. 1. Mean fatty acid profiles for olive, sunflower, soybean, and rapeseed oils.

Correlation coefficients were calculated, along with the coefficients of determina-
tion between the additive percentage of seed oils and the calculated parameters. Very
high absolute values of correlation coefficients were obtained for most of the deter-
mined parameters. For parameters such as C16:0, C18:2, C18:3, MUFA, PUFA, SFA
/ MUSFA, MUSFA / SFA, MUSFA / USFA, PUFA / SFA, PUFA / JNKT, and
C18:2/C18:1 the absolute values of correlation coefficients equaled or exceeded 0.98.

Multiple linear regression models were built to predict the content of foreign oil
in the extra virgin olive oil. Models A were built with the use of fatty acid profiles
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while models B were built on the basis of calculated sums of fatty acid groups and the
relations between them (Fig. 1). The prediction ability of the models was assessed
and confirmed using the root mean square errors of calibration (RMSEC) and the
root mean square errors of cross validation (RMSECV).

Tab. 1. Statistical parameters obtained for multiple linear regression models. Where:
Models A – models built on the basis of six fatty acids; Models B – global
models built on the basis of six sums of fatty acids and relations between
them.

Models A

Soybean oil Sunflower oil Rapeseed oil

RMSE 1.4 2.7 3.7

RMSECV 1.5 3.0 4.4

Models B

Soybean oil Sunflower oil Rapeseed oil

RMSE 2.4 1.6 5.0

RMSECV 27 1.8 5.0

For individual models A and models B results for each of the oils were calculated
separately, while for the global model GA and GB results were calculated for all
adulterant oils together. Lower RMSEC and RMSECV were obtained for models
A, in the case of MLR models built for the data obtained for extra virgin olive oil
adulterated with soybean oils and rapeseed oil, and equaled 1.4, 1.5 and 3.7, 4.4,
respectively. In the case of MLR models built for the data obtained for extra virgin
olive oil adulterated with sunflower oil a better prediction ability of MLR models
was obtained for models B with RMSEC and RMSECV, which equaled 1.6 and 1.8,
respectively (Tab. 1).

Prediction of olive oil adulteration was possible with the use of multiple linear
regression equations calculated for models GA and GB. Multiple linear regression
equations calculated for model GA (containing six fatty acids) and for model GB (six
chosen fatty acid groups and relations between them) are presented below.

YGA = 143.2905− 6.1467x1 − 16.2907x2 − 2.0102x3 − 0.7451x4 +0.2005x5 +3.6718x6
(1)

where: YGA – calculated content of seed oil on the basis of model GA; x1,2,3,4,5,6 –
content of six fatty acids: C16:0 (x1); C16:1 (x2); C18:0 (x3); C18:1(x4); C18:2 (x5);
C18:3 (x6).

YGB = −216.0487 + 711.2120x1 + 30.7393x2−
− 87.2794x3 − 10.0182x4 + 188.3190x5 + 38.5817x6

(2)

where: YGB – calculated content of seed oil on the basis of model GB; x1,2,3,4,5,6 –
SFA/USFA (x1); MUFA/SFA (x2); MUFA/USFA (x3); PUFA/SFA(x4); PUFA/USFA
(x5); PUFA/MUFA (x6).
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Tab. 2 presents statistical parameters obtained for global multiple linear regression
models. Root mean square error and root mean square error of cross validation
equaled 4.3; 4.5 and 5.2; 5.3 for global models GA and GB, respectively. Lower errors
of prediction and cross validation were obtained for the multiple linear regression
model built on the basis of six fatty acids (GA) than for the global model built on the
basis of six sums of fatty acids and relations between them (GB). As expected, RMSE
and RMSECV calculated for global models were higher than for the individual ones.

4. Conclusions

The results of the experiment have shown that fatty acid profile determination by gas
chromatography together with multiple linear regression analysis can be successfully
applied for the quantitative determination of adulteration of extra virgin olive oil
with seed oils. The lowest root mean square errors of calibration and the root mean
square errors of cross validation were acquired for models A in the case of soybean oil
and rapeseed oil and equaled 1.4; 1.5 and 3.7; 4.4, respectively. For the detection of

Fig. 2. Actual and calculated concentrations of seed oil in extra virgin olive oil (a) a
global model built on the basis of six fatty acids (b) a global model built on
the basis of six sums of fatty acids and relations between them.
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Tab. 2. Statistical parameters obtained for global multiple linear regression models.
Where: R – coefficient of correlation; R2̂ – coefficient of determination; GA –
a global model built on the basis of six fatty acids; GB – a global model built
on the basis of six sums of fatty acids and relations between them.

Parameter Model GA Model GB

R 0.99 0.98

R2̂ 0.98 0.97

RMSE 4.3 5.2

RMSECV 4.5 5.3

adulteration with sunflower oil model B had better prediction ability with root mean
square error of calibration and root mean square error of cross validation equal 1.6
and 1.8. The findings presented here may contribute to the control of the authenticity
of olive oil.
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