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Abstract

A robust multivariate statistical procedure applied to an accurate gas chromatography (GC) analysis was used to analyze 1004 mono-
varietal and multivarietal Sicilian extra virgin olive oils coming from 22 cultivars of different geographical areas of Sicily and collected in
nine years (1993, 1995, 1996, 1997, 1998, 1999, 2000, 2001 and 2002). The effect of the cultivar, of pedoclimatic conditions as well as of
the year of harvesting on the olive oil fatty acid composition and therefore on their classification was investigated. Oleic, linoleic and
palmitic fatty acids, important for the nutritional properties of an olive oil, showed a crucial rule in the characterization of olive oils.
� 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

The characterization of olive oils in terms of cultivar and
geographical origin is a current debated problem: the qual-
ity and the peculiarity of an olive oil are, in fact, the result of
several factors such as the cultivar, the pedoclimatic condi-
tion and the production practices. In Italy, the olive oil ger-
moplasm is estimated to include about 500 cultivars
(Cimato & Sani, 1999): however, many studies have been
performed and are currently in progress on the morpholog-
ical evaluation of olive germoplasm present in different Ital-
ian regions (Cimato, 2002; Gemas, Almadanim, Tenreiro,
Martins, & Fevereiro, 2004) to answer to the controversial
issue concerning the actual number of varieties.

The fatty acid composition of olive oils has been fre-
quently used to group olive oils according to the cultivar
of origin (Bianchia, Giansantea, Shawb, & Kellb, 2001;
Bucci, Magrı̀, Magrı̀, Marini, & Marini, 2002; Lanteri,
0308-8146/$ - see front matter � 2006 Elsevier Ltd. All rights reserved.
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Armanino, Perri, & Palopoli, 2002; Paz et al., 2005). Spe-
cifically, in a previous paper, (Mannina et al., 2003) we
have reported a Gas Chromatographic and 13C NMR
study on the cultivar-composition relationship in Sicilian
olive oils coming from four monovarietal cultivars grown
within a well-limited geographical area with a very homo-
geneous microclimatic condition: the results proved the
usefulness of fatty acids to group monovarietal olive oils
belonging to the same cultivar and suggest that the fatty
acid content and the distribution of the fatty chains on
the glycerol moiety can be used to the fingerprint each spe-
cific cultivar. The punctual description of a specific cultivar
on the base of the fatty acid content is important since the
fatty acid content is a fundamental parameter to determine
nutritional properties of olive oils (Grigg, 2001; Owen
et al., 2000). A healthy diet must contain a limited amount
of saturated fatty acids to reduce the total cholesterol con-
tent and a high amount of monounsaturated fatty acids
which prevent the risk of cardiovascular diseases, reduce
the insulin body-requirement and decrease the plasma con-
centration of glucose. Therefore, an accurate fatty acid
determination can be extremely important when specific
dietetic regimes are required. Moreover, the relationship
between the intake of olive oil, the richest dietary of the
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monounsaturated fatty acid oleic acid and breast cancer
risk and progression is a current discussed issue (Perez-
Jimenez, Lopez-Miranda, & Mata, 2002; Servili et al.,
2004; Tuck & Hayball, 2002).

Another important aspect concerns the geographical
characterization of olive oils. An import act of legislation,
the ‘‘protected designation of origin’’ PDO (1992; 1997;
2001) allows some European extra virgin olive oils to be
labeled with the names of the production areas. The
PDO certification improves the commercial value of the
product and it is particularly important in Italy where
many different ‘‘typical’’ olive oils are present. Many
papers are reported on the classification of olive oils
according to their geographical origin (Alessandri et al.,
1997; Aparicio, Albi, Cert, & Lanzon, 1988; Lanteri
et al., 2002) by means of multivariate statistical analysis
applied to fatty acids (Forina & Tiscornia, 1982), triacyl-
glycerols (Tsimidou, Macrae, & Wilson, 1987), sensory
attributes, chemical components (Alessandri et al., 1997;
Boggia, Zunin, Lanteri, Rossi, & Evangelisti, 2002; Bucci
et al., 2002) and also to minor compounds determined
using 1H NMR technique (Garcı́a-González, Mannina,
D’Imperio, Segre, & Aparicio, 2004; Mannina et al.,
1999, 2000; Mannina, D’Imperio, Lava, Schievano, &
Mammi, 2005; Mannina, Luchinat, Emanuele, & Segre,
1999; Mannina, Patumi, Proietti, Bassi, & Segre, 2001;
Mannina, Patumi, Proietti, & Segre, 2001; Sacchi et al.,
1996, 1998; Segre & Mannina, 1997).

Generally, the results obtained using different methodol-
ogies refer to specific conditions of cultivar, geographical
area or year of harvesting and therefore the results requires
further validations using, for instance, more cultivars, more
geographical areas, more samples and more years.

In this paper, the previously reported statistical
approach was definitely tested and improved extending
the analysis to a large fatty acids library obtained using
accurate Gas Chromatographic data. This library contains
the composition of fatty acids of 1004 monovarietal and
multivarietal olive oils samples coming from 22 cultivars
grown in different pedoclimatic areas of Sicily and collected
in nine years. This exhaustive library allowed us to answer
questions on the effects of the cultivar, of the geographical
area as well as of the year of harvesting. The discriminant
power of the different fatty acids is discussed.

2. Materials and methods

2.1. Sampling

Samples (1004) of monovarietal (918 samples), multiva-
rietal (65 samples) extra virgin olive oils, together with
some olive oils samples coming from unknown cultivars
(21 samples) were analyzed. These olive oils, obtained
within the project POM B02 Misura 2 (‘‘reduction of pro-
duction costs, improving of the quality and protection of
environment in the olive oil processing chain’’), were col-
lected in nine years (1993, 1995, 1996, 1997, 1998, 1999,
2000, 2001 and 2002) and came from 22 cultivars grown
in different geographical areas of Sicily (see Fig. 1). An
explorative statistical analysis allowed us to remove anom-
alous samples and therefore to reduce the number of sam-
ples to 998. The geographical origin, the geographical area
(East Coast, North Coast, South Coast and Inland Area of
Sicily), the cultivar and the year of harvesting of the 998
extra virgin olive oils are reported in Table 1.

2.2. Gas chromatographic analysis

The fatty acid composition was released as methyl ester
by the official GU of the CEE methylation procedure (Euro-
pean Community Regulation, 1991) and analyzed by gas
chromatography (GLC). A Shimadzu GC 17A (Milano,
Italy) instrument, equipped with a split/splitless injector
(split ratio 70:1) and flame ionization detector, was used.

A Carbowax fused silica capillary column,
30 m · 0.25 mm ID, 0.20 lm film thickness (Supelco, Inc.
Bellefonte, PA) was employed.

The following chromatographic conditions were used:
column temperature from 160 �C (kept for 10 min) to
190 �C at 4 �C/min (maintained for 13 min); injector and
detector temperatures 220 �C; hydrogen linear velocity
50 cm/sec.

Peak areas (data not shown) of 13 fatty acids (C14, C16,
C 016, C17, C 017, C18, C 018, C0018, C00018, C20, C 020, C22,
C24) and C 018/C0018, C16/C0018 and unsaturated/saturated
ratios were calculated using Shimadzu CLASS-VP 5 soft-
ware. The 16 GC normalized variables were submitted to
the statistical procedure.

2.3. Statistical method

GC data were submitted to Statistica software package
for Windows (1997 edition by Statsoft, Inc.). The statistical
procedure, reported in previous papers (Dugo, La Pera,
Pellicanò, Di Bella, & D’Imperio, 2005; Mannina et al.,
2003; Mannina, Fontanazza, Patumi, Ansanelli, & Segre,
2001), was completed by an initial explorative analysis per-
formed to remove anomalous samples and therefore to
reduce the initial data matrix.

The explorative analysis uses a box plot based on the
median and the quartiles; it allows the anomalous samples
which are in extreme and outlier areas of the box plot to be
removed.

Therefore, the statistical procedure was based on explor-

ative analysis, principal component analysis (PCA), analysis

of variance (ANOVA) and linear discriminant analysis

(LDA). The variables with the highest index of variability
were selected according to their p-level and F values. The F

value is the ratio between within-group variability and
between groups variability: larger is this ratio, larger is
the discrimination power of the corresponding variable.

In the case of LDA the Mahalanobis distances, i.e. the
distances between the centroids of each groups were also
reported.



Fig. 1. Map of Sicily: the geographical origin of the analyzed olive oils and the four different geographical areas corresponding to the North Coast, the
East Coast, the South Coast and the Inland Area are reported.
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3. Results and discussion

GC applied to 1004 olive oil samples allowed a complete
fatty acid profile (data not reported) to be obtained: peak
areas of 13 fatty acids (C14, C16, C 016, C17, C 017, C18,
C 018, C0018, C00018, C20, C 020, C22, C24) and C 018/C0018,
C16/C0018 and unsaturated/saturated ratios were measured.
The 16 GC values corresponding to 1004 olive oil samples
were submitted to a multivariate statistical procedure. An
explorative statistical analysis added to the previously
reported statistical methodology allowed us to remove
anomalous samples and to reduce the number of samples
to 998. These 998 olive oil samples came from 22 cultivars
(Baratta & Campisi, 2001, chap. 3) widespread in Sicily (see
Fig. 1) and collected in nine years (see Table 1).

The different effects observed on the fatty acid composi-
tion will be discussed separately.

3.1. Effect of the cultivar on the fatty acid content

The 998 analyzed olive oils came from 22 cultivars: some
more common cultivars were more represented, with a
number of samples larger than 80, than the other ones.
However, some of the less-common less-represented culti-
vars are important for the local olive growing areas (Bar-
atta et al., 2001). Therefore, in a first explorative
statistical approach we chose not to discard either samples
or cultivars. The 16 GC variables of 998 olive oils samples
of nine years were submitted to the PCA to individuate the
eventual presence of some principal groupings. The result
of the PCA is reported in Fig. 2. A careful analysis of the
graph allowed three principal groupings to be identified:
two groups, A and B, correspond mainly to olive oil sam-
ples of two cultivars, namely, Ogliarola messinese and
Cerasuola, whereas the last large group C contains olive
oil samples from many different cultivars. However, within
this large group it is possible to identify four statistically
representative sub-groups corresponding to olive oils from
Minuta, Biancolilla, Tonda Iblea and Santagatese cultivars.

Samples relative to the other 16 cultivars (22 cultivar
minus the above mentioned six cultivars) give values scat-
tered all over in the plot areas previously identified. There-
fore, we decided to simplify the analysis reducing the
number of the cultivars from 22 to 6. The mean values of
the 16 GC variables corresponding to the six more repre-
sentative Sicilian cultivars are reported in Table 2.

A qualitative ‘‘similarity’’ relationship (see Table 3)
among the olive oil samples of these six cultivars and the
other olive oils can be obtained by the PCA plot: in fact,
olive oils with similar fatty acids composition are grouped
in the same area of the plot. Olive oils from Passalunara

cultivar are similar to olive oils from Ogliarola messinese;
Cerasuola olive oils are well grouped together and are not
similar to other olive oil samples. The gas chromatographic



Table 1
Geographical origin, geographical area, cultivar and year of harvesting of 998 Sicilian olive oils

Geographical origina Geographical area Origin CODEb Cultivar (Cv) Cultivar codec

Antillo (ME) EC Ant (4) Ascolana tenera AsTe (1)
Aragona (AG) SC Ara (2) Bella di spagna BeSp (1)
Briga (ME) EC Bri (1) Biancolilla Bia (93)
Brolo (ME) NC Bro (50) Calabrese Cal (8)
Bronte (CT) IA Bron (5) Carolea Car (7)
Buseto Palizzolo (TP) NC BuPa (9) Cerasuola Cer (97)
Caltabellotta (AG) SC Cal (2) Crastu Cra (10)
Casal Vecchio (ME) EC CaVe (1) Cuccitana Cuc (1)
Castell’Umberto (ME) NC CaUm (66) Mantonica Man (1)
Castel Vetrano (TP) SC Cas (16) Minuta Min (100)
Collesano (PA) NC Col (19) Moresca Mor (74)
Corleone (PA) IA Cor (12) Nocellara del belice NoBe (32)
Forza D’Agro (ME) EC FoAg (1) Nocellara etnea NoEt (59)
Francofonte (SR) IA Fra (31) Nocellara messinese NoMe (4)
Furci (ME) EC Fur (1) Ogliarola messinese OgMe (160)
Gallodoro (ME) EC Gal (1) Ottobratica Ott (5)
Giampilieri (ME) EC Gia (14) Partigiana Par (1)
Lentini (SR) EC Len (44) Passulunara Pas (6)
Leonforte (EN) IA Leo (43) Santagatese San (82)
Lercara Freddi (PA) IA LeFr (1) Siracusana Sir (13)
Licata (AG) SC Lic (7) Tonda iblea ToIb (120)
Mazara (TP) SC Maz (2) Verdese Ver (37)
Menfi (AG) SC Men (10) Unknown Cv CvIG (21)
Mezzojuso (PA) IA Mez (19) Mixture of Cv CvMI (65)
Misilmeri (PA) NC Mis (52) Total 998

Modica (RG) SC Mod (84) Year No. of samples

MonreaCole (PA) NC Mon (10)
Naso (ME) NC Nas (1)
Niscemi (CL) SC Nis (4) 1993–1994 135
Noto (SR) EC Not (5) 1995–1996 46
Paceco (TP) NC Pac (50) 1996–1997 26
Palazzolo Acreide (SR) IA PaAc (49) 1997–1998 65
Partanna (TP) SC Par (9) 1998–1999 153
Partinico (PA) NC Parti (10) 1999–2000 280
Paternò (CT) EC Pat (12) 2000–2001 36
Ragusa (RG) SC Rag (30) 2001–2002 129
Ribera (AG) SC Rib (12) 2002–2003 128
Rosolini (SR) EC Ros (6) Total 998

S. Agata di Militello (ME) NC AgMi (42) Geographical area Geographical area coded

S. Caterina (CL) IA Cat (17) East Coast EC (162)
S. Giovanni Gemini (AG) SC GiGe (3) North Coast NC (315)
S. Pier Niceto (ME) NC PiNi (5) South Coast SC (192)
S. Teresa Riva (ME) EC TeRi (1) Inland Area IA (192)
S. Vito Lo Capo (TP) NC ViCa (1) Unknown UN (137)
Salemi (TP) IA Sal (12) Total 998
Sciacca (AG) SC Sci (11)
Siracusa (SR) EC Sir (71)
Troina (EN) IA Tro (2)
Vizzini (CT) IA Viz (1)
Unknown UN un (137)

Total 998

a ME: Messina; AG: Agrigento; CT: Catania; TP: Trapani; SR: Siracusa, EN: Enna; PA: Palermo; CL: Caltanissetta; RG: Ragusa.
b The number of samples for each geographical origin is reported in brackets.
c The number of samples for each cultivar is reported in brackets.
d The number of samples for each geographical area is reported in brackets.
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results show that Cerasuola olive oils have the highest con-
tent of oleic fatty acids and the lowest content of palmitic
fatty chains. Therefore, Cerasuola olive oils, well distin-
guishable from all the other olive oils, have a favorable
impact in specific dietetic regimes. Moreover, in a previous
paper (Mannina et al., 2001) it was shown that this cultivar
has a good pedoclimatic adaptability giving acceptable
olive oils even in extreme pedoclimatic conditions.

The similarity relationship of fatty acid composition
among olive oils coming from different cultivars would be



Fig. 2. PCA on 16 GC variables of 998 Sicilian olive oils collected in nine years and coming from 22 cultivars. Samples are labeled according to Table 1.
Ellipses group the three principal groups (A, B and C) described in the text.

Table 2
Mean values and standard deviations of the 16 GC variable areas relative to olive oil samples from six Sicilian cultivars; the number of samples for each
cultivar is reported in brackets

GC variables Biancolilla (93) Cerasuola (97) Minuta (100) Ogliarola

messinese (160)
Santagatese (82) Tonda

iblea (120)

C14 Tetradecanoic (myristic) 0.02 ± 0.01 0.01 ± 0.01 0.02 ± 0.01 0.02 ± 0.01 0.02 ± 0.01 0.01 ± 0.01
C16 hexadecanoic (palmitic) 14.01 ± 1.78 9.97 ± 1.17 15.78 ± 1.48 14.76 ± 2.23 13.39 ± 1.33 14.86 ± 1.70
C 016 Z-9-hexandecenoic(palmitoleic) 0.89 ± 0.20 0.34 ± 0.19 1.54 ± 0.40 0.87 ± 0.34 0.79 ± 0.33 1.16 ± 0.37
C17 heptadecanoic (margaric) 0.19 ± 0.06 0.06 ± 0.05 0.15 ± 0.06 0.20 ± 0.05 0.14 ± 0.05 0.07 ± 0.06
C 017 Heptadecenoic 0.33 ± 0.08 0.08 ± 0.07 0.26 ± 0.08 0.28 ± 0.06 0.22 ± 0.06 0.11 ± 0.10
C18 Octadecanoic (stearic) 2.31 ± 0.49 2.64 ± 0.45 2.05 ± 0.52 2.71 ± 0.55 2.31 ± 0.39 2.08 ± 0.31
C 018 Z-9- octadecenoic (olieic) 71.71 ± 3.72 76.35 ± 2.32 65.40 ± 3.13 70.73 ± 6.89 70.24 ± 2.51 69.48 ± 3.46
C0018 Z, Z -9-12- octadienoic (linoleic) 9.17 ± 2.01 9.17 ± 1.64 12.99 ± 1.93 8.80 ± 5.06 11.87 ± 1.62 10.21 ± 1.64
C00018 Z, Z, Z -9-12-15- octadecatrienoic (linolenic) 0.49 ± 0.19 0.52 ± 0.11 0.60 ± 0.16 0.62 ± 0.19 0.49 ± 0.15 0.60 ± 0.23
C20, Icosanoic (arachidic) 0.36 ± 0.09 0.40 ± 0.07 0.34 ± 0.10 0.41 ± 0.09 0.35 ± 0.10 0.36 ± 0.06
C 020, Z -11- eicosenoic 0.15 ± 0.11 0.25 ± 0.14 0.15 ± 0.10 0.19 ± 0.11 0.11 ± 0.08 0.19 ± 0.09
C22 Docosanoic (behenic) 0.05 ± 0.04 0.06 ± 0.04 0.06 ± 0.04 0.08 ± 0.05 0.05 ± 0.04 0.06 ± 0.04
C24, Tetracosanoic (lignoceric) 0.04 ± 0.04 0.05 ± 0.05 0.04 ± 0.03 0.05 ± 0.04 0.02 ± 0.02 0.05 ± 0.03
C 018/C0018 8.33 ± 2.48 8.62 ± 1.70 5.18 ± 1.08 11.63 ± 6.59 6.08 ± 1.21 7.02 ± 1.40
C16/C0018 1.59 ± 0.38 1.12 ± 0.21 1.24 ± 0.18 2.21 ± 1.00 1.15 ± 0.19 1.48 ± 0.24
Unsaturated/saturated 4.95 ± 0.67 6.63 ± 0.67 4.43 ± 0.47 4.54 ± 0.60 5.18 ± 0.49 4.73 ± 0.68
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better razionalized by a careful morphological and bio-
genetic characterization. It is important to note that culti-
vars known with different names not necessarily have dif-
ferent genotype.
Table 3
Groupings identified by PCA analysis applied on 998 samples coming from
‘‘similar’’ ones are reported

Group Principal cultivar Similar cultivars

A Ogliarola messinese Passalunara, Unkn
B Cerasuola Unknown cultivar
C Minuta, Biancolilla,

Santagatese, Tonda iblea

Moresca, Siracusan

Mantonica, Bella d

Nocellara del belice
It is worth noticing that, from the PCA analysis, it was
also possible to gain information in terms of similarity of
fatty acid composition, on the olive oil samples coming
from unknown cultivars (see Table 3).
22 cultivars; the six principal cultivars together with the corresponding

own cultivar (1 sample)
(4 samples)
a, Partigiana, Ottobratica, Nocellara messinese, Nocellara etnea,
i spagna, Ascolana tenera, Carolea, Verdese, Crastu, Calabrese, Cuccitana,
, Unknown cultivar (16 samples)
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The analysis of variance, (ANOVA) applied to the 16
GC variables relative to the six main cultivars allowed
the variables with the highest discriminant power to be
determined. The more discriminant variables are C 016
(F = 89,2697), C 017 (F = 84,1076), C16 (F = 49,4382),
C18 0 (F = 36,3523) and C0018 (F = 22,5147).

3.2. Effect of the year of harvesting

In order to investigate the effect of the year of harvesting
on the fatty acid composition and therefore on the olive oil
classification, the PCA was performed separately on olive
oil samples of the each cultivar collected in nine years. In
Fig. 3. PCA of olive oils collected in nine years coming from each of the 6 sele
group olive oils of the ‘‘anomalous’’ year (1999–2000).
this way, it is possible to understand whether the fatty acid
composition of a specific cultivar can be considered conser-
vative in different years or undergoes significant modifica-
tions. It was previously reported (Boggia et al., 2002)
that good climatic conditions such as high summer temper-
atures and poor autumn rainfalls improve olive oil quality
limiting Dacus oleae infestation; on the other hand bad cli-
matic conditions with low summer temperatures and strong
autumn winds and rainstorms worse the olive oil quality
favoring the spreading of infestation. The PCA results,
reported in Fig. 3, show that almost all olive oil samples
are completely spread not showing grouping according to
the specific year; only olive oils samples of 1999–2000 year
cted principal cultivars. Ellipses represent the 95% confidence regions and
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are always grouped together and slightly separated from
the others. In Italy, this year was characterized by bad cli-
matic conditions and a widespread infestation (Boggia
et al., 2002). These observations allow us to conclude that
the year does not influence significantly the olive oil fatty
acid composition unless extremely bad climatic conditions
occur.

3.3. Pedoclimatic effect

The obtained results suggested us to perform the PCA
only on olive oils from the six principal cultivars in all
Fig. 4. (A) PCA of olive oils, collected in eight years coming from the selected
OgMe: Ogliarola messinese; San. Santagatese; ToIb: Tonda iblea. (B) Deta
corresponding to olive oil samples of different geographical areas are indicate
the years with the exclusion of 1999–2000. The results are
reported in Fig. 4A. Olive oil samples from Ogliarola and
Cerasuola are well separated from all the other samples.
The olive oils of the other four cultivars are grouped
together showing a clear overlapping of data. In order to
analyze the PCA plot in details, the PCA results corre-
sponding to each cultivar are reported separately (see
Fig. 4B). Four different geographical areas can be identified
namely, the East Coast, the North Coast, the South Coast
and the Inland Area of the Sicily. Following this geograph-
ical distinction, olive samples of each cultivar can be fur-
ther grouped: in fact, Ogliarola messinese olive oils can
6 principal Sicilian cultivars: Bia: Biancolilla; Cer: Cerasuola; Min: Minuta;
ils of the same PCA: each cultivar is reported separately. Groupings

d with a dashed line.
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be grouped in two classes corresponding to olive oils from
the North Coast and the East Coast, respectively whereas
Biancolilla olive oils can be grouped in two classes corre-
sponding to olive oils from the South Coast and the North
Coast; finally Tonda Iblea olive oils can be grouped in two
classes corresponding to olive oils from the South Coast
and Inland Area. Minuta Santagatese and Cerasuola olive
oils are well grouped together coming from the same geo-
graphical area. Note that in the case of Cerasuola olive oils
only one sample coming from the South Coast is well sep-
arated from the group corresponding to olive oil samples
from the North Coast. These results suggest that although
the effect of the cultivar is predominant in the olive oil clas-
sification based on the fatty acid composition, a minor but
well defined geographic effect is also present. The analysis
of the factor loadings allows us to select C0018, C 018,
C 018/C0018, C16/C0018 as the variables with the highest dis-
criminant power for geographic effect; these variables are
all included in Factor 1.

Therefore, oleic, linoleic and palmic fatty acids and the
corresponding ratios play a fundamental rule not only in
the cultivar characterization but also in the pedoclimatic
characterization.
Fig. 5. LDA analysis performed on Sicilian olive oils according to their geogra
Biancolilla; Cer, Cerasuola; Min, Minuta; OgMe, Ogliarola messinese; San; Sa

Verdese; Sir, Siracusana. Ellipses represent the 95% confidence regions for eac
All these observations suggested us to perform the sta-
tistical analysis on olive oils including also other typical
cultivars according to the four geographical areas. In this
way it is possible to have an idea of the difference and
the similarity among cultivars. The LDA plot and the cor-
responding Mahalanobis distances are reported in Fig. 5
and in Table 4, respectively. The similarity among culti-
vars, in fact, can be useful and can suggest appropriate
mixtures of olive oils. The LDA plot of the olive oils of
the North Coast show Ogliarola messinese olive oils well
separated from Cerasuola; the other olive oil samples are
grouped together according to their cultivar with a small
overlapping which suggests a similarity among these culti-
vars. In the case of East Coast, Moresca olive oils are well
separated from all the others which, in turns, are similar.
Again, in the case of the South Coast, Moresca olive oils
well separated from the other olive oils coming from Bian-

colilla, Nocellara del Belice, Tonda Iblea and Verdese.
Finally, the olive oils of the inland area coming from Bian-

colilla, Cerasuola, Moresca and Tonda Iblea are well sepa-
rated according to their cultivar. The Squared
Mahalonobis distances i.e. the distances between the cent-
roids of each group allow the similarity between different
phical areas (North Coast, east Coast, South Coast and Inland Area): Bia,
ntagatese; Mor, Moresca; NoEt, Nocellara etnea; ToIb, Tonda iblea; Ver,
h group.



Table 4
Squared Mahalanobis distances between the centroids of each group identified by olive oils of the specific cultivar

North Coast East Coast

Biaa Cera Mina OgMea Sana Mora NoEta OgMe Sira

Bia 0.0 Mor 0.0
Cer 38.6 0.0 NoEt 123.2 0.0
Min 22.7 51.3 0.0 OgMe 123.2 9.4 0.0
OgMe 51.7 68.4 76.6 0.0 Sir 123.2 36.9 23.1 0.0
San 11.0 19.6 26.7 55.1 0.0

South Coast Inland Area
Bia Mor NoBea ToIba Vera Bia Cer Mor ToIb

Bia 0.0 Bia 0.0
Mor 71.4 0.0 Cer 394.3 0.0
NoBe 35.2 98.8 0.0 Mor 72.6 597.5 0.0
ToIb 20.2 77.4 15.0 0.0 ToIb 104.0 336.1 161.1 0.0
Ver 13.0 77.9 56.4 29.1 0.0

a Bia, Biancolilla; Cer, Cerasuola; Min, Minuta; OgMe, Ogliarola messinese; San; Santagatese; Mor, Moresca; NoEt, Nocellara etnea; ToIb, Tonda iblea;
Ver, Verdese; Sir, Siracusana.
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cultivars to be valuated. For instance, the Nocellara del

Belice cultivar, a very important Sicilian cultivar, known
both for olive oils and for the excellent table olives, pro-
duce olive oils well comparable to olive oils produced by
Tonda Iblea.
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