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Abstract

The Calabria region, in southern Italy, is one of the main olive-growing areas of the country. In particular, 4.35% of the
national olive acreage is cultivated in the province of Cosenza, but the recognition of its olive oils is rather marginal due
to historical economic and production problems like poor technological/economic development and land fragmenta-
tion. The aim of this study was to evaluate fatty acid composition and total phenolic and tocopherol content in commer-
cial bottled extra virgin olive oils (EVOOs) produced in 19 localities of the province of Cosenza, in order to obtain an
updated picture of the nutritional and functional quality of the oils available on the market. Thirty samples, including
single-variety and blended oils, were analysed. The results showed a certain variability among samples: phenolic contents
ranged from 395.53 to 823.54 mg/kg of tyrosol equivalent, while tocopherols ranged from 238.74 to 487.95 mg/kg. No
significant differences emerged between single-variety and blended oils. The results confirm the high nutritional value
of Calabrian EVOOs and underscore the importance of promoting high-quality local production for a sustainable de-

velopment of the sector in the next few years.
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Introduction

Extra virgin olive oil (EVOO) is a staple of the Mediter-
ranean diet, recognized for its sensory, nutritional, and
health benefits. Its chemical composition is the result of
the interaction between genetic (cultivar), environmen-
tal (terroir, climate), and technological (extraction and
preservation techniques) factors. The most represented
components in EVOO are fatty acids. In particular, the
high presence of oleic acid (C18:1) gives EVOO prop-
erties that result in beneficial effects for human health,
including the improvement of lipid metabolism and the
prevention of cardiovascular diseases (Lopez-Miranda
et al. 2007; Schwingshackl and Hoffmann 2014; Covas et
al. 2015; Lu et al. 2024). The fatty acid profile also affects

the oxidative stability of the oil: acids with more double
bounds (polyunsaturated fatty acids - PUFAs), such as
linoleic acid (C18:2), are more susceptible to oxidation,
resulting in the formation of rancid products that neg-
atively influence both organoleptic properties and nu-
tritional value (Montafo et al. 2016; Chabni et al. 2024).

Among the numerous bioactive compounds present in
EVOO, phenols and tocopherols play a key role in deter-
mining the oil oxidative stability and its beneficial effects
on human health. Phenols in EVOO, particularly secoir-
idoids (such as oleuropein and ligustroside), simple phe-
nols (such as tyrosol and hydroxytyrosol), and flavonoids,
are known for their potent antioxidant and anti-inflam-
matory activity (Cicerale et al. 2012; Servili et al. 2014).
These molecules contribute to the prevention of cardi-

Copyright Rizzo, et al. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC-BY 4.0), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.


https://orcid.org/0009-0001-1979-1039
https://orcid.org/0000-0002-6314-7136
https://orcid.org/0000-0002-0630-5740
mailto:marianna.rizzo@crea.gov.it
https://creativecommons.org/licenses/by/4.0/

Rizzo, et al.: Healthy components in Calabrian EVOOs

ovascular disease, tumours, neurodegenerative diseases,
and systemic oxidative stress (Visioli et al. 1998; Tripoli et
al. 2005). EU Regulation 432/2012 (European Commis-
sion 2012) authorizes a health claim for extra virgin olive
oil rich in polyphenols, specifying that “olive oil polyphe-
nols contribute to the protection of blood lipids from
oxidative stress,” provided that the oil contains at least
5 mg of hydroxytyrosol and derivatives per 20 g of oil. To-
copherols, particularly a-tocopherol, represent a class of
fat-soluble antioxidant compounds with a crucial role in
protecting cell membranes from free radicals. a-tocoph-
erol is the most active form of vitamin E in humans and is
present in variable concentrations in EVOO (Psomiadou
and Tsimidou 2001; Boskou 2006). The phenolic and to-
copherol composition of EVOO is influenced by multiple
factors, including the olive variety used (Gémez-Rico et
al. 2008), the degree of fruit ripeness (Conte et al. 2019),
the extraction techniques employed in the mills (Caponio
et al. 1999; De Stefano et al. 1999; Garcia et al. 2001; Ca-
ponio et al. 2014), and environmental, soil and climate
conditions (Mansouri et al. 2018).

The Calabria region, in southern Italy, is one of the
main olive-growing areas of the country, with 184.682
hectares, almost all of which dedicated to the pro-
duction of olives for oil. This represents 16% of the
1.140.225 hectares of olive groves in the entire country,
placing Calabria behind Apulia (which holds a share of
approximately 32%) and ahead of Sicily (approximately
14%) (ISMEA 2024). Specifically, more than 25% of the
regional olive-growing area is located in the province
of Cosenza, where it represents 6% of the utilised ag-
ricultural area (UAA), divided among 194 farms for a
total of 7,992 tons of oil produced by 228 active mills.
The olive growing vocation of this territory is further
demonstrated by the “Bruzio” PDO (Protected Desig-
nation of Origin) olive oil (divided into 4 areas and
based on the local cultivars Roggianella (synonymous
Tondina), Dolce di Rossano, Carolea and Grossa di Cas-
sano) and by the PGI (Protected Geographical Indica-
tion) “Olio di Calabria”. Nevertheless, more than half of
the olive farms have an acreage <1 ha, so that, against an
olive-growing area representing the 4.3% of the nation-
al total, the extracted oil reaches approximately a 2.7%
share. Moreover, only 37% of the milled oil is classified
as extra virgin to be placed on the market, while 44%
of the total is produced for self-consumption (Regione
Calabria 2025). Despite the potential of the Calabrian
territory, scientific research on the phenolic and vitamin
profiles of Calabrian EVOOs is still relatively limited,
compared to other regions such as Tuscany or Apulia.
In light of the above, this study aimed to characterize
the total phenol and tocopherol content in samples of
Calabrian EVOOs available on the market, evaluate the
variability of these compounds, investigate the fatty acid
profile of the oils, and provide useful data for promot-
ing local production and the informed consumption of
high-quality olive oil.
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Materials and methods

Samples

Thirty commercial and bottled EVOOs samples were col-
lected during the 2024/2025 olive oil season. The samples,
coming from 19 different towns of the Calabrian province
of Cosenza (Fig. 1), included both single-variety oils and
commercial blends (Table 1). The oils were provided by
mills, cooperatives, and local producers.
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Figure 1. Geographic distribution (at municipal level) of
the olive oil farms. The yellow dots show the olive distri-
bution in the province of Cosenza.

Chemicals and reagents

All solvents and reagents used in this study were of chro-
matography grade. Methanol, acetonitrile, ethyl acetate and
n-hexane were from Honeywell (Seelze, Germany); formic
acid and potassium hydroxide were from Merck KGaA
(Darmstadt, Germany). Tocopherols and tyrosol were pur-
chased from Extrasynthese (Genay, France); syringic acid
was bought from Merck KGaA (Darmstadt, Germany).

Analysis of fatty acids

Fatty acids were analysed by gas chromatography after
conversion to fatty acids methyl esters (FAMEs), according
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Table 1. Location of production and type (single-variety/blended oil) of the 30 studied samples.

Production location Oil type Variety
Altomonte single-varietal Roggianella
Altomonte single-varietal Roggianella
Bisignano single-varietal Carolea
Calopezzati blend Nocellara del Belice, Nocellara etnea, Carolea, Biancolilla
Calopezzati single-varietal Dolce di Rossano
Castrovillari blend Roggianella, Santomauro, Grossa di Cassano, Carolea
Castrovillari blend Dolce di Rossano, Roggianella, Nocellara del Belice, Coratina
Cerchiara di Calabria blend Roggianella, Nocellara messinese, Grossa di Cassano, Carolea
Cerchiara di Calabria single-varietal Grossa di Cassano
Corigliano-Rossano blend Roggianella, Nocellara messinese
Corigliano-Rossano blend Dolce di Rossano and others
Corigliano-Rossano blend Carolea, Nocellara del Belice, Leccino, Coratina
Corigliano-Rossano blend Grossa di Cassano, Carolea
Corigliano-Rossano blend Dolce di Rossano, Carolea, Nocellara messinese, Coratina
Corigliano-Rossano single-varietal Nocellara del Belice
Cropalati blend Carolea, Leccino, Dolce di Rossano
Firmo blend Roggianella and others
Laino Borgo blend Leccino, Frantoio, Maurino, Roggianella
Mottafollone single-varietal Carolea
Rocca Imperiale single-varietal Carolea
Roggiano Gravina single-varietal Roggianella
Roggiano Gravina single-varietal Roggianella

San Demetrio Corone blend Dolce di Rossano, Carolea, Nocellara del Belice, Biancolilla, Coratina

San Demetrio Corone blend Dolce di Rossano, Nocellara del Belice

Santa Domenica Talao blend Carolea, Coratina, Roggianella

Sibari blend Dolce di Rossano, Grossa di Cassano

Spezzano Albanese blend Roggianella and others

Trebisacce blend Carolea, Dolce di Rossano, Roggianella

Vaccarizzo Albanese blend Dolce di Rossano, Nocellara messinese, Nocellara del Belice, Leccino, Roggianella
Vaccarizzo Albanese single-varietal Carolea

to the method described by Rizzo et al. (2024). Briefly,
0.15 g of oil were added with 0.1 ml of a methanolic solu-
tion of KOH (2N) and dissolved in 1 ml of n-hexane. The
resulting solution was shaken vigorously for 5 min and
rested until stratification, with the FAMEs recovered in
the upper layer. 0.25 ml of supernatant were transferred
in a GC vial and added with n-hexane to the volume of
1.5 ml. FAMEs were separated and quantified using an
Agilent 6890N GC instrument (Agilent Technologies,
Santa Clara, CA, USA) equipped with a split injector 7683
series (Agilent Technologies, Santa Clara, CA, USA) and
a flame ionization detector (FID) maintained at 250°C. A
highly polar capillary column SP-2340 (length = 60 m, i.d.
= 0.25 mm, film thickness = 0.20 mm) (Supelco, Belle-
fonte, PA, USA), coated with a cyanopropyl polysiloxane
stationary phase, was used to separate the FAMEs. Helium
was used as carrier gas at a constant flow of 1.2 ml/min
and 1:50 split ratio, and the injection volume was 1 pl
The initial oven temperature was 110°C held for 5 min,
followed by a rate increase of 3°C min™ up to 180°C and
held for 15 min, increased of 4°C min™' to 220°C and held
for 2 min. FAMEs were identified through a comparison
of their retention times versus pure standards analysed
under the same conditions, and quantified according to

their area, obtained by integration of the peaks. Data were
collected and processed using the Agilent ChemStation
Software (Agilent Technologies, Santa Clara, CA, USA).
Results are reported as percentages of saturated (SFAs),
monounsaturated (MUFAs) and polyunsaturated (PU-
FAs) fatty acids found in the analysed samples.

Analysis of total phenols

Phenolic compounds were extracted using a liquid-liquid
extraction method, as reported by the International Olive
Council (IOC 2022). The method is based on the direct
extraction of biophenolic minor polar (BMP) compounds
from olive oil by means of a methanolic solution and subse-
quent quantification by HPLC, using syringic acid as inter-
nal standard. Briefly, 2 g of olive oil were added with 5 ml of
methanol/water 80/20 (v/v) extraction solution and 1 ml of
the internal standard solution. The sample was sonicated for
15 mins in an ultrasonic bath, centrifuged at 5000 rpm for
25 mins, and filtered through a 0.45 um filter. Total phenols
were determined by reversed phase liquid chromatography
using a Vanquish UHPLC system (Thermo Fisher Scientif-
ic, Waltham, MA, USA), equipped with a quaternary pump,
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an autosampler and a UV detector reading at 280 nm. The
system was governed by the Chromeleon Chromatography
Data System (CDS) software (Thermo Fisher Scientific,
Waltham, MA, USA). Chromatographic conditions were as
follow: column, Kinetex C18 (150 x 3 mm, 2.6 um particle
size) (Phenomenex, Torrance, CA, USA) equipped with a
C18 precolumn cartridge; column temperature, 30°C; flow
rate, 0.5 ml/min; injection volume, 10 pl. Chromatographic
separation was achieved using water acidified with 1% for-
mic acid (eluent A), methanol (eluent B) and acetonitrile
(eluent C), according to the gradient described below: start
with 96% A, 2% B and 2% C; 0-21.5 min to 50% A, 25%
B and 25% C; 21.5-24.2 min to 40% A, 30% B and 30% C;
24.2-29.6 min to 50% B and 50% C; 29.6-32.3 min isocratic
step; 32.3-32.4 min to 96% A, 2% B and 2% C (initial con-
ditions), hold till 35 min as a re-equilibration step. Results
are expressed in mg of tyrosol equivalent per kg of oil.

Analysis of tocopherols

Tocopherols analysis was carried out following the meth-
od described in Benincasa et al. (2011) with minor mod-
ifications. Briefly, 0.6 g of olive oil were transferred in a
10 ml volumetric flask and made up to volume with n-hex-
ane. After mixing, the solution was filtered through a PTFE
syringe filter with 0.45 um pore size (Branchia, Labbox Ita-
lia srl, Milan) and injected into the HPLC system. Chroma-
tographic analysis were carried out using an Agilent HPLC
1100 instrument (Agilent Technologies, Santa Clara, CA,
USA), equipped with a binary pump, an autosampler 1260
Infinity IT and a fluorescence spectrophotometer detector
set at 295 nm excitation and 325 nm emission wavelength.
The system was governed by the OpenLab CDS software
(Agilent Technologies, Santa Clara, CA, USA). A Zor-
bax NH, column (250 x 4.6 mm i.d., 5 um particle size,
Agilent), maintained at 25°C, was used to separate the four
tocopherols, by isocratic elution with hexane/ethyl acetate
80/20 (v/v) as mobile phase at a flow rate of 1.5 ml/min.
The injection volume was 20 pl. Total time for a run was
25 mins. Results are expressed in mg/kg oil, with identifi-
cation of a-tocopherol as the main component, quantified
against a calibration curve obtained by injecting standard
solutions at known concentrations.

Statistical analysis

The data were processed using descriptive and inferen-
tial statistical analysis. Mann-Whitney U test was used to
verify the significance of differences between groups (sin-
gle-variety and blended oils), after checking the require-
ments for the application. Correlations between parame-
ters (total phenols and tocopherols) were analysed using
the Spearman’s coeflicient, selected for its robustness to
deviations from normality. All statistical analysis were
carried out using the Jamovi software (version 2.3.28),
adopting a significant threshold of p < 0.05.
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Results and discussion

A total of 30 EVOO samples produced in the Calabrian
province of Cosenza was analysed, including 11 single-va-
riety and 19 blended oils. The study revealed an interest-
ing compositional profile in terms of total phenol and to-
copherol content, two parameters closely associated with
nutritional quality, oxidative stability, and the perceived
value of the product. The primary objective of this analysis
was not merely chemical-analytical, but also strategic and
marketing-related, aimed at assessing how the biochemi-
cal characteristics of Calabrian oils can be commercially
enhanced in a competitive, quality-oriented context.

From the analysis of the Table 1, a rather clear picture
emerges of the use of olive varieties in the production of
oil in Calabria, which faithfully reflects the agricultural
tradition and biodiversity of the region. The cultivar that
clearly dominates the panorama is Carolea, present in al-
most all production areas and used both for the creation
of single-variety oils and, above all, as the main compo-
nent of numerous blends. Its diffusion testifies to the cen-
tral role that this variety plays in Calabria, thanks to its ad-
aptability to different pedoclimatic environments and its
ability to give the oils a balanced and recognizable profile.
Alongside Carolea, another variety of great importance is
Dolce di Rossano, particularly widespread in the Ionian
area of the region. It appears predominantly in blends, of-
ten in association with Carolea, contributing to oils with
sweeter and more harmonious sensory characteristics.
Roggianella is also well represented, used both pure and in
mixtures with other local varieties, confirming its histor-
ical and territorial importance. The table also highlights
the presence of numerous traditionally cultivated varieties
in Calabria, such as Grossa di Cassano, Nocellara mess-
inese and Nocellara del Belice. These varieties are mainly
used in blends, in which they play an important role in
improving the aromatic complexity and the structure of
the oils. Similarly, varieties such as Biancolilla, Coratina
and Leccino, although having a more limited diffusion,
are used as complementary components, helping to mod-
ulate the sensorial characteristics of the oils.

Content of fatty acids

The EVOO samples analysed exhibited a fatty acid profile
(Table 2) characterized by a significant predominance of
MUFAs, with concentrations ranging approximately be-
tween 64% and 79% of the total lipid content. This high
MUFA content, predominantly oleic acid (C18:1), is a
crucial indicator of the product oxidative stability during
storage and cooking, as well as of its well-known health
benefits (Covas et al. 2015; Montafo et al. 2016). In con-
trast, SFAs and PUFAs were present in lower concentra-
tions. SFAs, which ranged between 14% and 21% (mainly
palmitic acid, C16:0, and stearic acid, C18:0), perform
structural functions, but their relatively low levels in
olive oil contribute to a favourable nutritional profile.
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PUFAs, including the essential fatty acids omega-6 (lin-
oleic acid, C18:2) and omega-3 (a-linolenic acid, C18:3),
constituted a minor fraction, generally less than 16%, in
line with the standards for high-quality EVOO. The var-
iability observed in the proportional distribution of fatty
acids among the different samples is likely attributable to
differences in the genetic background of the olive variety
used. In fact, for example, the single-varietal Roggianella
and blends in which Roggianella was present, reached the
highest MUFA values, highlighting the influence of the
varietal factor on the final lipid profile of the oil.

Content of total phenols and a-tocopherol

Total phenols represent one of the most significant frac-
tions of EVOO, as they significantly contribute to oxi-
dative stability, sensory profile (particularly bitter and
spicy notes), and the recognized health benefits of olive
oil (Bendini et al. 2007; Servili et al. 2009). Tocopherols,
mainly in the form of a-tocopherol, also play a protec-
tive role against oxidative processes and contribute to

the nutritional value of the oil as a source of vitamin E
(Baldioli et al. 1996). However, while phenolic content is
strongly affected by cultivar, degree of olive ripeness, and
extraction conditions, tocopherol levels tend to be more
stable and less influenced by agronomic or technological
variables (Aparicio and Harwood 2013). This may explain
the higher variability, expressed as coeflicient of variation
(CV, percent), observed in the phenol content (19.2%)
compared to tocopherols (17.5%) in the oils under study.

Overall, the results showed total phenol values be-
tween 395.53 and 823.54 mg/kg of tyrosol equivalent, and
a-tocopherol values between 238.74 and 487.95 mg/kg
(Table 2). These ranges place Calabrian oils in the medi-
um-high range compared to the values commonly report-
ed for Italian and Mediterranean EVOOs (Montedoro et
al. 1992; Psomiadou et al. 2000; Servili et al. 2014). From a
market perspective, this suggests that a significant portion
of Calabrian production can be positioned in the premi-
um or health segments, provided that producers transpar-
ently document and communicate these characteristics
through technical data sheets, labelling, or territorial pro-
motion campaigns.

Table 2. Content of total phenols (mg of tyrosol equivalent per kg of oil), a-tocopherol (mg/kg oil) and fatty acids in

the 30 oils under study. Results of total phenols and a-tocopherol are reported as mean + standard deviation; results

of fatty acids are reported as percentages of SFAs, MUFAs and PUFAs.

Sample ID Total phenols (mg/kg tyr) a-tocopherol (mg/kg) SFAs (%) MUFAs (%) PUFAs (%)
1 573.42 + 3.64 268.03 + 2.01 17.2 76.7 6.1
2 397.54 £3.23 260.02 £ 2.12 16.6 79.3 4.1
3 395.53 £4.23 324.78 £ 0.17 18.9 65.7 154
4 495.19 £ 0.77 369.07 £ 0.13 18.7 68.9 124
5 483.09 + 1.35 487.95 +0.79 18.3 69.5 12.2
6 493.78 + 0.88 262.07 + 2.67 17.3 73.7 9.0
7 491.16 £ 3.71 269.42 +2.22 18.7 70.3 11.0
8 463.24 + 1.75 331.94 +3.01 18.2 68.6 13.2
9 411.99 +0.33 376.18 + 1.34 18.6 68.9 12.5
10 404.65 + 3.82 289.27 £ 0.79 20.8 64.1 15.0
11 419.51 + 1.42 358.86 + 3.72 18.2 68.4 13.5
12 532.79£5.13 392.38 £2.49 17.3 71.1 11.7
13 823.54 +4.87 396.84 + 0.34 17.6 70.8 11.6
14 664.48 + 6.91 379.15 + 1.07 16.5 72.7 10.8
15 520.25 £ 2.02 263.90 + 0.74 17.9 71.8 10.4
16 657.22 £ 0.26 371.80 £ 0.73 18.8 70.7 10.5
17 463.64 £ 0.74 238.74 +1.43 17.0 76.9 6.2
18 399.53 +1.44 265.76 + 0.36 14.7 78.6 6.7
19 638.28 + 9.66 286.63 £ 0.61 17.9 74.9 7.2
20 500.86 + 8.47 287.11 £ 0.77 19.5 72.5 8.0
21 472.72 £ 1.06 309.98 + 0.49 17.0 77.5 5.6
22 625.66 + 5.66 266.56 + 0.43 16.7 75.5 7.7
23 561.43 +1.27 289.25 +1.95 15.4 74.5 10.1
24 483.74 + 3.88 382.51 +0.94 19.0 66.7 14.3
25 591.77 £ 2.86 354.99 + 0.04 14.7 76.0 9.6
26 464.58 + 5.46 314.36 £ 0.29 17.7 72.4 10.0
27 496.77 £ 0.18 283.08 + 0.86 16.9 78.3 4.8
28 437.68 + 2.67 325.52 + 1.05 17.8 72.1 10.1
29 483.28 + 1.61 332.14 £ 2.95 17.5 69.6 12.9
30 42496 +0.77 302.46 + 1.34 19.9 69.9 10.3
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Figure 2. Box plots describing the content of total phenols (on the left) and a-tocopherol (on the right) in single-

variety and blended oils.

Comparison between single-variety and blended
oils for total phenol and a-tocopherol contents

Statistical analyses showed that there are no significant dif-
ferences between single-variety and blended oils in terms
of average phenol and tocopherol contents (Mann-Whit-
ney U test, p > 0.05, accept null hypothesis). Mean val-
ues of 494.94 mg/kg and 312.14 mg/kg for total phenols
and tocopherols, respectively, were found in single-variety
oils, and 517.26 mg/kg and 326.69 mg/kg were found in
blends. The box plots (Fig. 2) show how the two types of
oils have very overlapping distribution both in terms of
total phenols and tocopherols.

The absence of statistically significant differences
indicates that, at the market level, the commercial dis-
tinction between the two categories does not necessar-
ily imply a gap in bioactive content. However, in regard
to phenolics, the more stable behaviour of blends —with
lower variability, thus less dispersion of values- suggests
that blends guarantee greater qualitative consistency, an
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Figure 3. Scatter plot describing the correlation between
total phenols and a-tocopherol.
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important aspect for companies oriented towards prod-
uct standardization. This result reflects a well-known
phenomenon in the olive oil industry: blends are often
created with the aim of stabilizing sensory and chemical
quality over time, making the product more consistent
and suitable for large-scale retail markets. These obser-
vations are in accordance with what was reported by
Roboredo-Rodriguez et al. (2015), who highlight how
the standardization of the blends allows for a better uni-
formity of the phenolic profile. Conversely, single-vari-
ety oils tend to express greater chemical and territorial
individuality, representing an opportunity for differen-
tiation for niche product lines, designations of origin
and emphasis on varietal uniqueness (Servili et al. 2014).
Therefore, from a strategic perspective, this distinction
may be exploited as a dual positioning channel: blends
to foster loyalty and consistency among the average con-
sumer; single-varietals to communicate terroir, varietal
identity, and authenticity.

Correlation between phenols and tocopherols

Correlation analysis between phenols and tocopherols
highlighted a very weak and not statistically significant
relationship (Spearman’s p = 0.163, p = 0.388), confirm-
ing that the two classes of compounds are not necessari-
ly co-regulated (Fig. 3). Baldioli et al. (1996) and Apari-
cio and Harwood (2013) demonstrated that phenols are
the main determinants of oil oxidative stability, while to-
copherols interact synergistically but non-linearly with
other antioxidants. From an operational point of view,
this means that an oil with a high tocopherol content
is not necessarily more stable or richer in phenols, and
that for commercial communication it is preferable to
adopt a multi-parametric approach rather than relying
on a single indicator.

The positioning of Calabrian oils in the PCA (Fig. 4)
shows good dispersion along the main components, con-
firming the existence of natural compositional variability
but without clear clusters between blends and single-va-
riety oils. This suggests that the diversity within regional
production is a strength, as it allows for different market
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