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Abstract. There are many substances in extra virgin olive oil (EVOO), of which
many have a beneficial effect. One of the most interesting substances in EVOO
is Oleocanthal. This substance is first recognised in 2005 and can only be found
in EVOO. Under further investigations it was proven that in vitro Oleocanthal
has an anti-inflammatory effect comparable to /buprofen. This is due to the fact
that it is an inhibitor of cyclooxygenase. It is able to form prostanoids, including
thromboxane, which takes part in formation of thrombosis, and prostaglandins
including prostacyclin, which prevent the formation of the platelet plug during
blood clotting and acts as a vasodilator. The quality control of an EVOO is very
important, because most often refined oils such as olive-pomace oil, seed oils or
synthetic oils are used. In some cases, this may lead to serious health problems
after consumption. Such an incident happened 1981 in Spain (Spanish toxic Oil
syndrome) where 20000 people were affected from which 330 died from aniline
intoxication. Optical techniques are ideal for this purpose because they are simple,
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cost-effective, rapid and non-destructive. Fluorescence spectroscopy has different
applications: detection of adulteration, geographic region, quantification of
fluorescent components, monitoring of photo-oxidation and thermal and assessment
of quality changes of olive oil during storage.
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Olive oil is a vastly distributed product and is used in many industries,
including foods, cosmetics and pharmaceuticals. Extra virgin olive oil (EVOO)
consists of major and minor components. The major components — glycer-
ols, represent more than 98 % of the weight of oil. It is known that fatty
acid composition is characterized by a high monounsaturated — to-polyun-
saturated fatty acid ratio. Content of minor components is smaller than 2
% of the total oil weigh. They include more than 230 chemical compounds
such as aliphatic and triterpenoid alcohols, sterols, hydrocarbons, volatile
compounds and antioxidants.

The main antioxidant properties of the EVOO are due to carotenes
and phenolic components (Boskou, 1996). EVOO contains different class-
es of phenolic components such as phenolic acids, phenolic alcohols, fla-
vonoids, lignans. A few authors reported that the phenolic acids are with
minor concentration in EVOO (Cortesi et al., 1983; Tsimidou et al., 1996).
The other authors are published that compounds such as cafeic, vanilic,
syringic, p-coumaric acids are observed in the EVOO (Briante et al., 2003).
Rovelli et al. (1997) reported that flavonoids such as luteolin and apigenin
were also phenolic components. The vitamins from E group also have anti-
oxidant properties. These are four natural tocopherols (a, f5, y, J) and four
tocotrienols (aT3, BT3, yT3, 6T3) (Cert et al., 2000).

Antioxidants in EVOO based on their mechanism of action can be clas-
sified as follow: primary antioxidants, synergistic and secondary antioxi-
dants (Rajalakhmi et al., 1996). It is confirmed from many authors that the
antioxidants in olive oil has a different positive influence on the human
cells. Manna et al. (1999) examined whether 3,4 — DHPEA can reduce the
oxidative damage of human erythrocytes. This investigation suggests that
the hydrophilic phenols may have a protective effect on the thrombosis risk.
3,4 — DHPEA may exert a protective activity against cancer by arresting the
cell cycle (Fablani et al, 2002). EVOO has a high resistance to oxidative
deterioration due to its triacylglycerol composition low in polyunsaturated
fatty acids and due to the presence of a group of phenolic antioxidants com-
posed mainly of polyphenols and tocopherols.

Concentration of the phenolic compounds are determined in literature
from the following ways: (i) high liquid performed chromatography; (ii)
calorimetrically and expressed as the amount of total phenols (Chimi et al.,
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1991); (iii) rancimat by using ORAC test (Oxygen Radical Absorbance Ca-
pacity) (Papadopoulos & Boskou, 1991).

There are many different kinds of olive oil. These variations depend on the
type of used olives and the processing procedure (Veneziani et al., 2017). Besides
those there are also refined, pure and olive pomace oils. The difference between
them depends on their heat treatment while being processed. EVOO is not treat-
ed with heat above 40°C. The chemical compostition is normally that 95 — 99 %
of olive oil are triglycerides, glycerin bound to three free fatty acids by esterifica-
tion (Smyk et al., 2009). The other components are chlorophylls, pheophytins, to-
copherols, Vitamin E and oxidative compounds such as oleocanthal and oleuro-
pein (Tena et al., 2012). These substances are the reason for the fluorescence of
olive oil. Each of these substances emit light when being excited using different
wavelengths: tocopherol and phenols at 300 — 400 nm, Vitamin E at 400 — 600
nm, chlorophyll and pheophytins at 600 — 700 nm.

The positive effect of EVOO on the human body is well-known and one of the
most interesting substances is Oleocanthal. This substance is first recognised
in 2005 and can only be found in EVOO. Under further investigations it was
proven that in vitro Oleocanthal has an anti-inflammatory effect comparable
to Ibuprofen. This is due to the fact that it is an inhibitor of cyclooxygenase
(Beauchamp et al., 2005). Cyclooxygenase is able to form prostanoids, includ-
ing thromboxane, which takes part in formation of thrombosis, and prostaglan-
dins including prostacyclin, which prevent the formation of the platelet plug
during blood clotting and acts as a vasodilator (Smith et al., 2000). Oleocanthal
therefore acts like a non-steroidal anti-inflammatory drug, which leads to a re-
duction in inflammatory symptoms. Furthermore, there have been studies which
show a cancer killing activity of Oleocanthal. It leads to the destruction of cancer
cells by their own enzymes, a process during which healthy cells are not harmed
(LeGendre et al., 2015). Besides that, in vitro and in vivo studies have shown
that Oleocanthal potentially enhances f-amyloid clearance in the brain. -amyloid
is a substance whose accumulation is closely related to Alzheimer’s disease
(Abuznait et al., 2013).

Among Oleocanthal there are many different polyphenols in EVOO, which
have a positive effect by decreasing the blood pressure (Ferrara et al., 2000).
Furthermore, these polyphenols are anti-oxidants which prohibit the formation
of free oxygen radicals, and therefore their mutagenic activity. Additionally,
phenols found in EVOO such as hydroxytyrosol, tyrosol and oleuropein show
antimicrobial activity against intestinal and respiratory infections, including He-
liobacter pylori. Through dialdehydic components phenols are able to destroy
those cells which cause stomach ulcers or even cancer (Castro et al., 2012).

Moreover, EVOO contains a huge amount of monounsaturated fatty acids
(MUFAs) which reduce the risk of heart diseases and strokes (Schwingshackl
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& Hoffmann, 2014). According to multiple studies, this is due to the fact that
MUFAs tend to lower the low- density lipoprotein (LDL) levels while increas-
ing the high-density lipoprotein (HDL) levels. A higher LDL level increases the
accumulation rate of atherosclerosis in the walls of blood vessels, which may
lead to plaque ruptures. HDLs, on the other hand, take part in the clearance of
fat molecules in the artery walls, thus preventing and regressing atherosclerosis
(Gordon et al., 1977).

The quality of EVOQO is determine by using spectroscopic techniques, which are
ideal for this purpose, because they are cost effective, non-destructive, rapid and
simple. But fluorescence spectroscopy has been applied, because its sensitivity is
100-1000 times higher than that of the absorption techniques, enabling to meas-
ure concentrations down to parts per billion levels (Sikorska et al., 2004). Accord-
ing Sikorska et al. (2012) it can be used for different applications: (i) discrimination
between quality grades; (ii) detection of adulteration; (iii) authentication geographic
origin; (iv) quantification of fluorescent components; (v) monitoring of thermal and
photo oxidation.

The fluorescent analysis of olive oils takes advantage of the presence of natural
fluorescent components, including phenolic compounds, tocopherols and pheo-
phytins, and their oxidation products. Refined oils are characterized by a rela-
tively weak band between 290 — 320 nm, a very broad band spreading to about
500 nm, and a band above 550 nm. All of these bands equally appear in the
total fluorescence spectra (Sikorska et al., 2008). Olive oils contain considerable
amounts of phenolic compounds, with their concentrations significantly reduced
in refined oils. This observation seems to confirm that tocopherols also contrib-
ute to the emission observed in the range 295 nm — 360 nm. Most of polyphenols
are fluorescent substances, absorbing in the 260 — 310 nm range and emitting
in the near-UV range, with their bands centered at 310 — 370 nm (Zandomeneghi
& Zandomeneghi, 2005). These phenolic compounds can be detected by flu-
orescence after separation by HPLC, using excitation/emission wavelengths of
264/354, 310/430 or 280/320 nm (Dupuy et al., 2005). A long-wavelength band
is observed in the olive oil spectra, with excitation at about 350 — 420 nm and
emission at about 660 — 700 nm, corresponding to the band above 550 nm in total
synchronous fluorescence spectra. This band was attributed to pigments of chlo-
rophyll group, based on its excitation and emission characteristics (Zandomeneghi
& Zandomeneghi, 2005; Diaz et al., 2003).

Economic aspect is the adulteration of EVOO using lower quality oils. This
procedure is due to the high production costs for EVOO and the fact that the user
can rarely distinguish the difference. To distinguish pure EVOO from adulter-
ated ones, fluorescence analysis is used. Every oil has a specific spectrum, which
is determined previously. It is possible to determine the exact composition of
the sample (Xu et al., 2016). The great advantage of this method is the use of 3
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dimensional fluorescence spectrum (3DFS) in comparison to the 2-dimensional
fluorescence spectrum. The 3DFS has the advantage at the rate of samples and
more wavelengths can be compared at the same time to distinguish between
different oils.

A similar investigation has been made for olive oils from Bulgarian super-
markets (Nikolova et al., 2014). From the fluorescence spectrum can be con-
cluded: (a) olive oils containing sunflower oil exhibit a fluorescence peak cor-
respondingly at 491.8, 428, and 495 nm with an intensity higher than 3000
arbitrary units; (b) olive oils exhibiting a high contents of chlorophyll show no
peaks around 500 to 550 nm; (c) refined olive-pomace oils are obtained from
olive pomace after extraction with authorized solvents and a refining process,
which includes neutralization, deodorization, and decolorization. All olive oil
pomace showed a wide peak between 415 and 550 nm. This means that their
content on conjugated hydroperoxides is higher as a result of a greater oxida-
tion (Boggia et al., 2002).

Adulteration of virgin olive involves addition of cheaper oils, including
olive oils of lower quality or other plant oils. The most common adulter-
ants found in virgin olive oil are refined olive oil, pomace oil, residue oil,
synthetic olive oil-glycerol products, seed oils, and nut oils. Hazelnut oil is
chemically similar to virgin olive oil; its presence is difficult to detect at low
concentration levels using standard methods. A different approach was tested
to detect this type of adulteration using fluorescence (Sayago et al., 2007).
The emission spectra of undiluted olive oil mixtures with virgin and refined
hazelnut oils with excitation at 350 nm were measured (Sayago et al., 2007).
The spectra were subjected to mathematical treatment by calculation of the
first derivative.

The addition of cheaper vegetable oils to olive oil causes an increase of the fluo-
rescence in the 450nm to 600 nm spectral range an and a shift in the wavelength of
maximum intensity by around 30 nm (Nikolova et al., 2013). Fluorescence emission
is stronger for the sunflower and olive oil mixture, rather than for the corn and
olive oil mixture. Comparison between fluorescence spectra of vegetable oils and
EVOO as well as their first derivatives has been made from Nikolova et al. (2013).

According to international food regulations EVOO shall not contain more than
25% of polar components. By thermooxidation through heating, samples were tak-
en and checked on their fluorescence spectra. The result was that the fluorescence
decreased the longer the oil was heated, so the conclusion is that the amount of es-
sential components like phenols and pigments decrease when the oil is heated and
their positive effect, such as antioxidation, is lost (Tena et al., 2012).

The studies of thermal deterioration of oils are important because changes
during oxidation involve degradation of oil constituents and formation of new
products that alter quality attributes and nutritional profile, as the oxidation prod-
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ucts are potentially toxic. Thermal deterioration of extra virgin olive oils was
studied by (Tena et al., 2012). The sample of virgin olive oil was heated at 190 °C
for 94 h in cycles of 8 h per day. The fluorescence intensity in the spectral region
between 290 and 400 nm decreased during the oxidation and a bathochromic shift
of the maximum from 350 — 360 nm to around 420 — 440 nm was observed. The
observed changes in the spectral profile were explained by the decrease of the
tocopherols and phenols and the increase of the oxidation products of vitamin E
homologues correlated to hydrolysis products. The intensity of the band between
630 and 750 nm, associated with chlorophylls and pheophytins, decreased expo-
nentially with the thermal oxidation time.

Conclusions

The review of literature data demonstrates that fluorescence measurements con-
ducted directly on olive oil samples can be used for qualitative and quantitative
analysis as a valid alternative to conventional, chemical methods of quality assess-
ment. These methods can be used for oil discrimination and for quantitative deter-
mination of fluorescent components after an appropriate calibration.
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