
Abstract
Front-face fluorescence method has been used to obtain fluo-

rescence excitation emission matrix (EEM) characteristic of vari-
ous Italian monocultivar extra virgin olive oil (EVOO), Mixed
EVOO, and lower grade virgin olive oil. Specific region of EEM
has been explored using principle component analysis. It was
found that EEM region of excitation 250-400 and emission 280-
620 nm could be used to discriminate each sample type of differ-
ent cultivar, mixed sample, and virgin olive oil sample. The impor-
tant fluorescence peaks for the discrimination belong to unique
combination of tocopherols, tocotrienols, phenolic compounds,
oxidation products, and vitamin E. These results show that front-
face fluorescence EEM spectroscopy has a potential to be used for
monocultivar EVOO discrimination.

Introduction
Extra virgin olive oil (EVOO) is a high-quality vegetable oil

obtained from the first cold mechanical press of the olive fruits
(Olea europaea L.). The EVOO does not undergone further pro-
cessing that leads to the alterations of the original properties (Vila,
2005). There are many varieties of olive tree cultivar, which will
produce EVOO with unique physical and sensory characteristics.
The demand for traced monovarietal EVOO is growing since the
customer expecting the high-quality unique flavor and health bene-
fit, avoiding also that such olives could be mixed with non-traced

olives or with different features (acidity, number of peroxides, etc.).
World and Italian olive oil consumption increased respectively

by 79% and 8% during last 25 years while, in Japan, 2016 con-
sumption of 66,139 tons represented a 1400% increase over the
same period (Italian farmers Group, Coldiretti, 2016). In Italy,
there are more than 800 cultivars of indigenous Italian olive
germplasm (Rotondi et al., 2013) and 43 origins protected by the
European Union. Knowledge and development of the characteris-
tics of Italian monovarietal EVOO is important for the improve-
ment of olive oil industry and tourism, which is crucial sector for
Italian economy. The concept of quality of the EVOO has evolved
over time. In fact, while in the past, product quality weighed heav-
ily on consumer choices, today the trend prevails to direct pur-
chases towards extra virgin oils with a clear organoleptic identity
and a good supply of compounds with antioxidant activity, such as
biophenols and tocopherols. The volatile compounds responsible
for the olfactory notes of the oil are formed along the path of
lipoxygenase during technological transformation at the mill
(Tamborrino et al., 2017; Caponio et al., 2018). From a sensory
point of view, biophenols are mostly perceived as spicy and bitter
notes which are directly related to the health action (Servili et al.,
2004). As is well known, the cultivar greatly influences sensory
and analytical characteristics of olive oil. Among environmental
factors, soil water availability during fruit development, light, and
temperature are mainly responsible for changes in fatty acids com-
position and biophenolic concentrations. Irrigation, date of har-
vesting and alternate bearing also influences olive oil quality,
whereas the effect of soil management, pruning or fertilisation is
less clear. Fruit damage due to incorrect harvesting methods,
transport to oil mill, storing or pests greatly decreases olive oil
phenolic concentrations and increases free acidity and peroxide
value (Gucci et al., 2004). 

The degree of ripeness of the fruit at the time of harvesting has
a major influence on its quality, and everything that alters the
ripeness of the fruit also affects its quality. Oil obtained from fruit
at an advanced stage of ripening usually has lower concentrations
of phenolic and volatile compounds than oils extracted from
olives with a skin that is not completely pigmented. As ripening
progresses, there are also variations in the acid composition with
a tendency to increase the ratio between unsaturated and saturated
acids. Olive oil acidity level is given by the amount of free fatty
acids resulting from the hydrolytic degradation of triglycerides.
Therefore, the chemical analysis carried out to assess the acidity
level of olive oil allows for one first assessment of a parameter
which is also a crucial indicator of the quality of the product
(Giametta and Sciarrone, 2008). As far as the harvesting method
is concerned, oils of the highest quality can be produced from both
manual and mechanical harvesting, provided that the minimum
precautions are taken to avoid damage to the fruit and that pro-
cessing in the mill is carried out in short time (Gucci et al., 2004;
Servili et al., 2004; Inglese et al., 2011). 
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In the light of the above, there have been considerable
amount of efforts for Italian Olive Oil discrimination by using
various method i.e. nuclear magnetic resonance, chemical com-
position analysis, infrared spectroscopy (Shaw et al., 1997; Bucci
et al., 2002; Sinelli et al., 2010). Most of those methods are labo-
rious and relatively expensive but they represent quite good dis-
crimination techniques. Fluorescence technique is known to be
an emerging method for food analysis and has been developed
very well in the last two decades (Christensen et al., 2006). This
method has a high sensitivity, relatively cheaper, and easy to be
used. This method is based on a fluorescence phenomenon,
which is emission of light from singlet-excited states. The emit-
ted light wavelength usually longer than the excitation wave-
length (Lakowicz, 2006). Fluorescence spectroscopy measure-
ment could be carried out by using either right angle method for
diluted sample or front face method for high concentrated or
solid sample. Among fluorescence measurement techniques front
face method is very promising for the ability in measure intact
sample with less pre-treatment and less effect of other optical
phenomenon such as inner filter effect. 

Guimet et al. (2005) revealed that fluorescence excitation
emission matrix (EEM) combined with three ways method could
be used for olive oil grade characterisation. The fluorescence
spectra has been also used to characterise the overall quality of
olive oil especially based on the oxidised state represented by
some fluorescence peaks (Guzmán et al., 2015). Recently, Leo et
al. (2016) found that 3D fluorescence spectroscopy combined
with principle component analysis (PCA) could be used to clas-
sify EVOO and virgin olive oil (VOO), the spectra information
used in this study represent a freshness due to antioxidant com-
pound, chlorophyll and oxidation stage due to presence of oxida-
tion products. However, the potential of fluorescence spec-
troscopy to be used as a fingerprint of monocultivar EVOO has
not been explored yet.

This research’s objective is to investigate the potential of flu-
orescence spectroscopy for discrimination of Italian monoculti-
var EVOO. Front-face fluorescence measurement method will be
used to obtain the EEM and PCA will be used to explore the data
further. The results of the study will give an insight to the poten-
tial of specific fluorescence EEM region to be used as a signature
for monocultivar EVOO. The oil extracted were analysed to clus-
ter the lots into classes, one for each cultivar. This allows also the
detection of possible mismatches, i.e. handling or registration
errors.

Materials and methods

Olive oil samples
Nine different samples of Italian olive oil were collected with

the same production year and obtained in October 2016. The sam-
ples consist of six different mono-cultivars EVOO, two-mixed cul-
tivar EVOO, and a VOO (Table 1).

Fluorescence excitation emission matrix measurement
and pre-processing

The samples were put in a 10 mm quartz cuvette. The fluores-
cence EEM were acquired using Jasco FP-8300 spectrofluorome-
ter. The measurement method was front face method by using
FDA-808 Holder, which maintain the incident beam angle of about
30° to the normal of the surface. Front face fluorescence measure-
ment method is usually used for the characterisation of the solid
sample or highly concentrated (undiluted) liquid surface proper-
ties. By using this method, the highly concentrated sample does
not need to be diluted to avoid strong absorption and inner filter
effect that could be commonly occurs in the right-angle method.
The measurement range of EEM was 230-680 nm with 10 nm
interval for excitation and 250-700 with 5 nm interval for emis-
sion. The distilled water Raman peak data was taken prior to fluo-
rescence EEM measurement at 350 nm Excitation wavelength. The
raw EEM measurement data in Arbitrary Unit (A.U.) is corrected
and then converted to Raman Unit (R.U.) following the method
described in Lawaetz and Stedmon (2009). This R.U. conversion
was carried out to normalised measurement using different sensi-
tivity setting and minimise the effect of device change (Figure 1).

Principle component analysis
Even though chlorophyll information could be used as an indi-

cator of a good quality olive oil, EVOO adulteration could be eas-
ily done by putting chlorophyll in the lower grade olive oil.
Furthermore, olive oil with high amount of chlorophyll could be
easily observed by the green colour of the oil in the visible light.
In the fluorescence EEM, chlorophyll peaks present in the emis-
sion wavelength around 648-673 nm with wide range of Excitation
wavelength, which could be separated with other fluorescence
peaks. Therefore, for further analysis we selected the region other
than chlorophyll as shown in Figure 2. The region of the EEM to
be used is between excitation (Ex.) 250-400 nm and emission
(Em.) 280-680 nm.

                             Article

Table 1. Olive oil sample, their origin.

No.        Sample                                                                          Origin                                                                          Source

1.               EVOO cv. Monte Etna                                                                          Sicily                                                                                                   Market
2.               EVOO cv. Chieti                                                                                  Abruzzo                                                                                                Market
3.               EVOO cv. Bosana                                                                               Sardinia                                                                                                Market
4.               EVOO cv. Ogliarola                                                                             Apulia                                                                    Milling (Oleificio Cooperativo Bitonto)

5.               EVOO cv. Coratina                                                                              Apulia                                                                    Milling (Oleificio Cooperativo Bitonto)

6.               EVOO cv. Taggiasca                                                                            Liguria                                                                                                 Market
7.               Mix EVOO Coratina-Ogliarola-Signora                                          Apulia                                                                                                  Market
8.               Mix of unknown cultivar                                                                   Unknow                                                                                                Market
9.               Virgin olive oil                                                                                     Unknow                                                                                                Market
EVOO, extra-virgin olive oil.
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Figure 1. Front face measurement method (top) and data pre-processing (bottom). Ex, exitation; Em, emission.

Figure 2. Excitation emission matrix region of raw full range spectra to be used for principle component analysis (PCA). Ex, exitation;
Em, emission.
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The 3D EEM data for each sample were unfolded and concate-
nated to be a one-vector data type (Figure 3). PCA was then carried
out using Unscrambler® version 9.8 (CAMO, Oslo, Norway).

Results and discussion

Fluorescence excitation emission matrix features 
of olive oils

Chemical compositions of olive oils including the fluorescence
substances are affected by factors such as type of cultivars, envi-
ronmental conditions, orchard management, and extraction tech-
nologies (Inglese et al., 2011). These factors integrally will form
the chemical fingerprint or characteristics of each olive oil prod-
ucts. Spectroscopy methods including absorbance and fluores-
cence method then could be used to figure out these characteristics.
In case of fluorescence spectroscopy, most of the fluorophore have
a characteristic in ultraviolet (UV) and visible (Vis) region.
Absorption in the UV-Vis region of electromagnetic radiation is
related with electron excitations. All molecules will undergo elec-
tronic excitation when absorb light, especially with high radiation
energy in UV region (Nielsen, 2003). The fluorescence EEM
shows the excitation emission wavelength pair and intensity relat-
ed to the fluorescence substances (fluorophore). 

EVOO contain several kind of fluorophore including
Tocopherols and Tocotrienols which have excitation wavelength
around 290-297 nm and emission around 320-324, Phenolic com-
pound (Oleuropein, Vanilic acid, Syringic acid, Gallic acid,
Coumaric acid, Cinnamic acid, Tyrosol, Caffeic acid with
Excitation around 270 and Emission ranged from 310 to 457 nm
(Sikorska et al., 2012). It can be seen at the low left part of the

EEM (Figure 4), the shape of the peaks is different between each
sample EEM. It is because composition of the vitamin E and phe-
nolic compounds is different for each sample. It can be noticed
also that Virgin Olive Oil have lower content of phenolic com-
pounds compared to other samples.

Other peaks located in the middle part of the EEM with emis-
sion around 400-450 nm correlated to hydro peroxide content, oxi-
dation products, or hydrolysis products of oil which generated dur-
ing malaxing (Sikorska et al., 2012; Lleó et al., 2016). It is
revealed that VOO have the highest intensity peak in this region
since it is undergone heating process during production while
EVOO, which is produced by cold mechanical press, should have
lower intensity fluorescence peak in this region.

The last region with excitation above 330 nm and emission
between 425-600 nm suspected to correlate with vitamin E content
(Kyriakidis and Skarkalis, 2000). There could be also other fluo-
rophore contribute to the shape of the oil EEM. However, the
unique combination of those fluorescence peaks could become a
fingerprint in the discrimination of monocultivar EVOO.

Principle component analysis and important variable
for discrimination

From the PCA score scatter plot (Figure 5) the discrimination for
each sample can be seen from the spreading of the sample. It was
found that 4 principle components (PC) are enough to represent 99%
of samples variance. Consecutively PC-1 to PC-4 contribute to 90,
6, 2, and 1% of the variance. It can be seen that each category could
be clearly separated; clustering of different cultivars is very evident
and such that other parameters (irrigation, harvesting, processing,
etc.) do not influence the ability of the method to discriminate
between different cultivars. This is certainly a good start and further
research will be carried out to assess other aspects in more detail.

                             Article

Figure 3. Conversion of 3D excitation emission matrix (EEM) data to concatenated EEM matrix for principle component analysis
(PCA). Ex, exitation; Em, emission.
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Figure 4. Representative fluorescence excitation emission matrix for each sample. Ex, exitation; Em, emission; EVOO, extra-virgin olive oil.
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This can be useful: i) at the end of the extraction process in
order to identify the different production lots (i.e. from different
cultivars) and trace them correctly; ii) during distribution and sale
phases in order to trace the origin of lots non-conforming with the
label. Figure 6 shows the 3D correlation-loading plot of PC-1 to 4.
In PC-1, which represents 90% variety of the sample, we can see
that almost all wavelength contributed to the discrimination.

Emission region between 360-600 nm contributed positively while
Emission region of 280-360 nm show negative correlation loading
value. PC-2 shows the most important fluorescence peaks belong
to Tocopherols, Tocotrienols (Ex./Em. 290/320 nm) and Phenolic
compounds (Ex./Em. 270/350 nm) that is contributed to the dis-
crimination. PC-3 discrimination mostly affected by emission
Region more than 520 nm and small part of Tocopherols and

                             Article

Figure 5. Principle component (PC) analysis scores plot for all wavelengths. OO, olive oil; COS, Coratina-Ogliarola-Signora.

Figure 6. Colour map plot of loading for each principal component for all wavelengths. PC, principle component.
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Tocotrienols peaks. Since PC-1 to 3 has already represent 98% of
the discrimination PC-4 includes less important information for the
discrimination.

Conclusions
Front-face fluorescence method has been used to obtain EEM

characteristic of various Italian monocultivar EVOO. Specific
region of EEM, which is, belong to Tocopherols, Tocotrienols,
phenolic compounds, oxidation products, and vitamin E. It was
found that EEM region of Ex. 250-400 and Em. 280-620 could be
used to discriminate each sample type of different cultivar, mixed
sample, and virgin olive oil sample. These results demonstrated the
potential of front-face fluorescence spectroscopy for discrimina-
tion of monocultivar EVOO.
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