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Abstract: Adulteration of extra virgin olive oil is one of the
main problems for the olive oil industry. Absorbance at K232,
K270 nm and ∆K are ultraviolet indices included in official meth-
ods of International Olive Council. The aim of the study was to
examine the potential of UV spectrophotometry for the discrim-
ination of olive oils. 36 samples of extra virgin olive oils, 12 olive
oils samples and 12 pomace olive oils samples were purchased
in local shopping. UV spectra of olive oils were collected in the
region of 190 – 320 nm. A Successive Projections Algorithm
was applied for the determination of the representative wave-
lengths while Linear Discriminant Analysis method was used to
classify olive oils. Classification error of the LDA model built
with absorbance values obtained at 232 and 270 nm was high,
and equaled 20%. The number of misclassified samples decreased
significantly (3,3%) after adding two another variables selected
by SPA (193 and 218 nm).

1. Introduction

According to the International Olive Council the basic grades of olive oils suitable for
consumption are: virgin olive oil, olive oil and olive pomace oil (IOC, 2011). Virgin
olive oil is obtained from the fruit of the olive tree solely by mechanical or physical
means under the conditions that do not lead to alterations in the oil. Only minimal
treatment such as washing, pressing, decantation, centrifugation and filtration is ac-
ceptable. Oils labeled as olive oil are usually a blend of refined olive oil and small
amount of virgin olive oil. Olive-pomace oil, the lowest grade of olive-based oils, is a
blend of refined pomace olive oil and a small amount of virgin oil fit for consumption
(IOC, 2011).

The extra virgin olive oil is the most valuable and health promoting of all the
categories of olive oils and is more expensive than the major kinds of seed and nut
oils. Several instrumental techniques to classify, authenticate and control the quality
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of olive oil samples have been developed, for example: GC (Fernandes-Silva et al.,
2013), HPLC (Arslan and Ozcan, 2011), NMR (Rezzia et al., 2005), NIR (Mannina
and Segre, 2002), MIR (Sinelli et al., 2010), FTIR spectroscopy (Maggio et al., 2010)
and synchronous fluorescence spectroscopy (Sikorska et al., 2005; Poulli et al., 2006;
Dankowska and Malecka, 2009).

The application of LDA requires spectral variables’ selection for building well-fitted
models. The successive projections algorithm (SPA) is a new approach, carried out
for selecting the effective wavelength variables from entire spectrum. SPA performs
simple operations in a vector space to determine a subset of variables with small
colinearity (Ugolino Araujo et al., 2001; Pontes et al., 2005). Promising results were
obtained for SPA-LDA, as a method to deal with low-resolution UV-Vis spectra with
strong overlapping (Pontes et al., 2005).

The aim of the study was to exploit the potential of the UV spectrophotometry and
successive projections’ algorithm combined with linear discriminant analysis (SPA-
LDA) for the discrimination of different types of olive oils.

2. Materials and methods

Samples of 36 extra virgin olive oils, 12 olive oils and 12 pomace olive oils were
purchased in local shopping centers (40 of the samples were bottled in Italy, 14 in
Spain, while 6 samples came from Greece). All the samples met the requirements of
the International Olive Council with respect to free the fatty acid content, fatty acid

Fig. 1. Mean UV spectra of the edible olive oil grades.
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profile and UV absorption at 232 (K232) and 270 nm (K270) established for respective
olive oils types. The samples were stored in the dark at the room temperature and
analyzed shortly after their arrival to the laboratory. The experimental samples were
prepared in duplicate. All reagents used in the experiment were of the analytical
grade.

UV spectra were recorded with a the Genesis 6 spectrophotometer UV. Spectra
of olive oils were collected in the region of 190 – 320 nm.The oil samples diluted in
n-hexane (1% v/v). All analyses were carried out in duplicate, and the results were
reported as mean values.

Principal component analysis (PCA) and linear discriminant analysis (LDA) were
performed using Statistica 8.0 (StatSoft Inc, placeCityTulsa, country-regionUS). LDA
permitted to classify different types of olive oils on the basis of selected data. Leave-
one-out cross validation method was applied to evaluate LDA models. Successive
projections’ algorithm (SPA) was coded in C++. The Detailed description of SPA is
given by (Ugolino Araujo et al., 2001).

3. Results and discussion

The intensity of UV spectra of edible the olive oils depends on, among others, the con-
tent of conjugated diens and triens (Grigoriadou and Tsimidou, 2006). The spectra
presented in Fig. 1 indicate the potential of UV specrophotometry for the discrimina-
tion between different categories of olive oils. In order not to make the Fig. 1 illegible,
the results for the mean spectra of each class of olive oil have been presented. In the

Fig. 2. LDA plots for UV absorbencies acquired at four wavelengths (© Extra virgin
olive oil, 4 Pomace olive oil, + Olive oil
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experiment, successive projections’ algorithm was applied to retain for further chemo-
metric analysis the most informative wavelengths from the spectra. As the result of
the successive projections algorithm analysis of the UV spectra 12 wavelengths (218,
193, 214, 216, 237, 226, 204, 192, 283, 230, 223, 266) were chosen for further analysis.

Linear discriminant analysis was applied to UV absorbance values of olive oils’
samples, previously selected by the successive projections algorithm. The first two
wavelengths in the LDA models were the two given in the IOC regulation (232 and
270 nm), the further ones were those selected by the SPA analysis. The number of the
misclassified samples equaled 12, 4, 2 for 2, 3, 4 and more wavelengths, respectively.
The plot of the first two discriminant functions (DF1*DF2) obtained for model with
four wavelengths is presented in Fig. 2.

The lowest classification error 3,3% was obtained for LDA models with four or
more wavelengths. As suspected three clusters were formed. Two olive oils declared
as extra virgin were classified as pomace olive oils. This may suggest the adulteration
of those samples and the quality of those oils should be checked profoundly with the
use of other methods.

4. Conclusions

UV spectrophotometry is the simple technique, as the spectra are acquired from the
samples without any pretreatment, except for dilution in hexane. The results of the
experiment have shown that the types of olive oils’ samples exhibit significant differ-
ences in UV absorbance values. The lowest classification error, 3,3% was obtained
for four or more variables selected from the spectra. The findings presented here may
contribute to control of the authenticity of olive oil.
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