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Abstract

A study of characterisation of a typical Italian food is performed by chemometrics. The olive oils from some cultivars of Calabria
have been characterised according to their origin and olive genotype using the chemical information mainly provided by 14 chem-

ical parameters of virgin olive oils. In particular, the models of three cultivars of Calabria (Carolea, Cassanese, Dolce di Rossano)
were deeply studied. The microclimate of this region has a lower influence on fatty acid composition than the genotype. Using
simple and relatively inexpensive analytical parameters as fatty acids and chemometric techniques it has been possible to char-
acterise and classify the olive oils (60–94% prediction rate). # 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction

The olive oil is one of the most important typical Ital-
ian food products. Its characterisation according to its
origin and/or genotype is now widely under investiga-
tion. In fact, the chemical composition of olive oils may
be different due to the influence of agronomic and
technological factors, so there is the need to define and
to characterise each typical olive oil.
In this work the attention is devoted to the olive oil

from some cultivars of Calabria, the second Italian
region for olive oil production; the olive oils from the
most spread cultivars are studied by chemometric tech-
niques.
In Europe two regulations introduced the Protected

Designation of Origin (PDO) of traditional products.
The first one protects traditional products (Council
Regulation, EEC-N.2081/92) about designations of ori-
gin and geographical indication, the second one (Coun-
cil Regulation, EEC-N.2082/92) defines product types,
olive oil included.
The Calabria region in the South of Italy is the second

olive growing Italian region with an annual average

production of olive oil reaching 100,000 tons. At present
it may produce two PDO oils, namely Bruzio (Council
Regulation, EEC-N.1065/97) and Lametia (Council
Regulation, EEC-N.2107/99), whereas a third olive oil,
namely Alto Crotonese, is obtaining the PDO mark.
The Calabrian olive tree germplasm is very rich and
different (Perri, Sirianni, Godino, & Tartarini, 1999). It
comprises several olive cultivars characterised by very
interesting physiological (De Nino, Perri, Lombardo,
Procopio, Raffaelli, & Sindona, 1997; De Nino, Maz-
zotti, Morrone, Perri, Raffaelli, & Sindona, 1999),
agronomic (Perri, Sirianni, & Pellegrino, 1998) and
nutritional features (Perri, Raffaelli, & Sindona, 1999).
The geographic origin of olive oil was studied by

chemometric techniques using the data of the chemical
composition of olive oils. Good results were obtained
by classification methods reported in several papers
(Alonso Garcia, & Aparicio Lopez, 1993; Armanino,
Leardi, Lanteri, & Modi, 1998; Derde, Coomans, &
Massart, 1984; Drava, Forina, Lanteri, & Lupoli, 1994;
Forina & Armanino, 1982; Forina & Tiscornia, 1982;
Leardi & Paganuzzi, 1987; Montedoro et al., 1995;
Perri, Parlati, Palopoli, Pellegrino, & Rizzuti, 1999;
Sacchi et al., 1996; Shaw et al., 1997). Fatty acids are
extremely useful in characterising olive oil (Parlati,
Perri, Palopoli, & Rizzuti, 1994). Their content may be
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affected by a number of different factors, such as geno-
type and ripening stage, so, fatty acid content can be
useful to obtain information about these factors.
The main aim of this paper is to evaluate the dis-

criminating ability of the most usually measured para-
meters (free acidity, peroxide index and fatty acids) in
distinguishing among olive oils produced from different
cultivars of Calabria. Indeed, the variety factor is
undoubtedly one of the most important, but despite
this, it is often ignored, either through lack of varietal
information, or because the oil has been mixed with oils
of different varieties or even because emphasis has been
laid only on its place of origin. Moreover, the influence
of the environment and other agronomic factors on
olive oil composition may be often overestimated,
because little notice is taken of the natural geographical
distribution of particular cultivars in particular areas.
Finally, the influence of genotype, year of production

and fruits ripening has been evaluated.

2. Experimental

The olive oil samples came from different geographic
areas of Calabria. For each sample 5–10 kg of olives
were picked from trees, which were homogeneous for
cultivar, health, and then milled in an laboratory scale
hammer mill; after malaxation and pressing, the oil was
separated by centrifugation.
Samples (322) of monovarietal olive oil were pro-

duced and analysed. Free acidity, peroxide index, and
fatty acids were determined on each sample according
to the European Official Methods of Analysis (Council
Regulation, EEC-N.2568/91). The data set submitted to
multivariate data analysis was formed by 322 samples of
monovarietal virgin olive oil, each one described by the
14 measured parameters listed in Table 1 together with
their code used in figures.

The data matrix of 322 row (samples) and 14 columns
(variables) is horizontally subdivided into 7 classes cor-
responding to the different varieties listed in Table 2.
The olive samples of different cultivars came from par-
ticular areas of the region; to distinguish the influence of
cultivar and environment, some samples of olives from
Cassanese and Carolea were collected in different areas
of Calabria.

3. Chemometric methods

Principal component analysis (PCA) (Wold, Esbensen,
& Geladi, 1987) is a well-known technique to visualise
data and to find the true dimension of a data set. The v
parameters (variables), measured for each sample,
describe each sample (object) in a v-dimensional space.
PCA generates a set of new orthogonal variables (axes),
linear combinations of the original ones, so that the
maximal amount of variance contained in the data set
(information) is concentrated in the first principal com-
ponents.
The principal components, which have a significance

for the interpretation of the studied problem, are called
significant components, and can be used in place of the
original variables for further treatments or to display
the information contained in the data set. The loadings
are the coefficients of the original variables defining
each principal component. The scores are the co-ordi-
nates of the objects on the new axes.
Unequal class model (Uneq; Derde & Massart, 1986)

is the modelling version of the Quadratic Discriminant
Analysis, a probabilistic classification method. Class-
modelling techniques build a class space whose
boundary discriminates between samples fitting the
class model and samples that cannot be considered
as belonging to the studied class. To define the
class boundary that envelops the class space, it is
necessary to define the mathematical model of the class
and to develop some kind of confidence interval around
it.
The model of Uneq is the centroid of the class and the

probability distribution of samples in each class is

Table 1

The measured variables

No. Code Name

1 F.A. Free acidity

2 P.I. Peroxide index

3 C16:0 Palmitic acid

4 C16:1 Palmitoleic acid

5 C17:0 Heptadecanoic acid

6 C17:1 Heptadecenoic acid

7 C18:0 Stearic acid

8 C18:1 Oleic acid

9 C18:2 Linoleic acid

10 C18:3 Linolenic acid

11 C20:0 Arachidic acid

12 C20:1 Eicosenoic acid

13 C22:0 Behenic acid

14 C24:0 Lignoceric acid

Table 2

Olive cultivars from Calabria and their main zones of growing

Class

index

Cultivar name Cultivar origin Number

of samples

1 Carolea Middle Calabria 133

2 Cassanese North Calabria 46

3 Dolce di Rossano North East Calabria 45

4 Ottobratica South West Calabria 36

5 Sinopolese South West Calabria 28

6 Grossa di Gerace South East Calabria 21

7 Roggianella North Calabria 13
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hypothesised to be a multivariate normal distribution.
The category space is considered as the confidence
hyperellipsoid. The class boundary is the estimate of the
square of the Mahalanobis distance of an object from
the class model. Mahalanobis distance has a w2 dis-
tribution, but, for objects in the training set, the exact
distribution of the estimate of the Mahalanobis distance
is a b distribution and w2 is an asymptotic approxima-
tion, while for the objects in the evaluation set is a
Hotelling distribution (Forina, Lanteri, & Sarabia,
1995).
A critical value w2p (at a selected confidence level p per

cent) is obtained from the w2 distribution with (V/2,
(Ng�V�1)/2) degrees of freedom where Ng is the num-
ber of training set objets in category g. This value is
used as a measure to judge if a sample falls inside or
outside the class boundary.
In this work the boundary of the model of each class

was considered as the pP value (pP=�log probability)
at the critical value of variable (at 95% confidence level)
obtained from the estimate of the probability density of
a multivariate normal distribution.
SIMCA (Soft Independent Modelling of Class Ana-

logy; Wold & Sjostrom, 1997) is the first class modelling
method introduced in chemistry, its model may be lin-
ear, piece-wise linear, planar or a multidimensional fig-
ure. The significant principal components of each
category build the class model, which is computed after
a separate scaling for each category (autoscaling is used
in this work). The boundaries of the model are com-
puted assuming the range of the scores on the
components, normal model, which can be expanded
to obtain the classic expanded range, usually when
the number of objects is very small. In this paper
the number of objects for each category is relatively
high, so a reduced model is more suitable (Forina &
Lanteri, 1994). The number of significant principal
components of each category used to build the class
model is that for which the explained variance for each
class is 95%.
Non-error-rate, sensitivity and specificity (Frank &

Todeschini, 1994) of the models were the criteria adop-
ted for measuring the classification and modelling per-
formance: non-error-rate is the percentage of correctly
classified objects; sensitivity is the non-error-rate for a
class, that is the percentage of objects of a class accepted
by the class model; specificity indicates the purity of a
class, that is the percentage of objects of other class
rejected by the class model.
Data matrix was divided into training and evaluation

set; the training set was used to build the model, and the
evaluation set to test its performance; the leave-one-out
validation method was used in this work to test the
computed models.
Multivariate data evaluation was performed by

QPARVUS 3.0 (Forina, Lanteri, & Armanino, 2000).

4. Results and discussion

As first step, principal component analysis was
applied to obtain the best display of this multivariate
data set submitted to autoscaling to assign the same
numerical weight to each variable.
The scores of the samples (displayed by their class

index, Table 1) and the loadings of the variables (dis-
played by the codes listed in Table 1) on the two first
principal components are plotted in Fig. 1: the infor-
mation retained is the 42% of the total one. Classes are
delimited by the class polygons. The cultivar Cassanese,
has lowest scores on component one (high contents of
C18:3), Carolea, has highest scores on the same com-
ponent (high contents of C17:0, C17:1, C20:0, C22:0).
The second component, mainly due to variations of
C18:1, C18:2, C16:0, partly divides Roggianella, Otto-
bratica and Grossa di Gerace, the last two classes have
the highest levels of C18:2. The third principal compo-
nent (15% of the total explained variance) brings the
information of variables C20:1, C24:0, the fourth one
(8% of the total explained variance) is prevalently
formed by F.A. and C18:0; but these two principal
components are not useful to distinguish some cultivars.
The information due to F.A. is contained in the fourth
and fifth principal component, while that of peroxide
index is mainly brought by the seventh component (4%
of total variance). The remaining components have
almost similar loadings for all the variables, so it is dif-
ficult to individuate a significant direction, while the last
components retain a very low useless percentage of total
information. After a display study of the data set, the
second step was the characterisation of the olive oils by
classification-modelling methods.
It is difficult to characterise seven categories at the

same time considering that the number of samples in
each class is very different and that the ratio of objects/
variables is lower than three in the most of categories.

Fig. 1. Score and loading plot. Samples are plotted by the class

indexes reported in Table 2. Polygons are drawn to delimit the classes.
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However, SIMCA, working in the space of category
components, was able to build the models of the seven
cultivars, the results are shown in Table 3. Model pre-
diction of Carolea cultivar is very high (92%), that one
of Cassanese (80) and Ottobratica cultivar (67%) are
high while the other ones decrease from 60 to 19%.
Afterward, to study the influence of the production

area, only three cultivars out of the seven ones were
selected: Cassanese, Carolea and Dolce di Rossano, for
the reasons. The samples of Carolea and Cassanese were
grown in several areas spread all over Calabria, so these
two cultivars were selected to detect the differences
related to their diffusion on the whole region. On the
contrary, the samples of Dolce di Rossano come from
an unique narrow area of production with similar
microclimatic conditions, and the main reason to select
this cultivar is that the olive oils belonging to Colline
Ioniche Presilane submention of Bruzio PDO are
obtained by olives of Dolce di Rossano cultivar for the
most part. It is to be underlined also that the ratio
objects/variables within this class is acceptable to use
Uneq method.
So, in order to verify whether, with the measured

chemical parameters, the discriminant information hold
by variety is higher than the differentiation due to
growing area, the three classes Carolea, Cassanese and
Dolce di Rossano are studied by the two modelling
methods, Uneq and SIMCA. The results were con-
firmed by two methods based on different theoretical
models: the 14 dimension centroid of Uneq and the
SIMCA box of the class components.

The classification and prediction rates are reported in
Table 4, they were obtained with the leave-one-out
method of validation. The classes Cassanese and Caro-
lea have high classification and prediction rates, upper
than 80% by Uneq and SIMCA, while the prediction
rate of the models of Dolce di Rossano is lower than the
other ones, particularly for the model built by SIMCA.
It is noteworthy that the models of the two cultivars
coming from the whole Region has a good prediction, it
means that the 14 measured parameters can differentiate
them; the genotype of olives characterises the obtained
product. The differences among the oils depend on
numerous factors, not only on the geographical origin.
Beyond the prediction results, it is interesting to study
more in detail the built models considering their sensi-
tivity and their specificity.
The sensitivity of models (Table 4), computed with all

the samples in the training set, are similar for the three
classes, i.e. their models well classify the samples of the
class; SIMCA models classify better the samples used to
compute each category.
In Table 4 the specificity of the class models is repor-

ted too, while the models of the three classes correctly
classify an high percentage of their samples, differences
became evident considering specificities.
In the case of Uneq method the very high specificity

of Cassanese towards Carolea and towards Dolce di
Rossano means that the class space built by the 14
measured parameters, is well identified, that is Cassa-
nese samples can be almost perfectly distinguished from
samples of the other two classes. SIMCA specificity
towards Dolce di Rossano is very low. But considering
that the Cassanese model have a sufficiently good pre-
diction rate, it is possible conclude that this cultivar is
well characterised by 14 measured parameters, in fact
Cassanese samples are produced on the whole region
but the geographical origin does not influence them.
The specificity of Carolea model is high toward Cas-

sanese, i.e. its samples are very different from those of
Cassanese; at the same time the Carolea models have a
good prediction rate, so the conclusions are the similar
to those ones for Cassanese model. Instead, the specifi-
city of Carolea model towards Dolce di Rossano is low

Table 3

SIMCA results for the seven cultivars

Cultivar Classification

rate (%)

Prediction

rate (%)

Carolea 97.7 92.5

Cassanese 97.8 80.4

Dolce di Rossano 80.0 60.0

Ottobratica 77.8 66.7

Sinopolese 75.0 42.9

Grossa di Gerace 61.9 19.1

Roggianella 76.9 53.8

Table 4

Classification and modelling results for the three selected cultivars

Classification rate (%) Prediction rate (%) Sensitivity (%) Specificity(%)

Uneq SIMCA Uneq SIMCA Uneq SIMCA Uneq SIMCA

Carolea 97.0 98.5 93.9 94.7 85.7 91.0 vs 2 100.0 vs 2 93.5

vs 3 46.7 vs 3 11.9

Cassanese 97.8 97.8 86.7 80.4 76.1 93.5 vs 1 98.5 vs 1 99.2

vs 3 93.3 vs 3 30.1

Dolce di Rossano 95.6 80.0 77.8 60.0 80.0 100.0 vs 1 69.2 vs 1 99.2

vs 2 89.1 vs 2 97.8

Specificity is reported for each class versus the other ones identified by their class index.
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with both methods, so, in spite of its high prediction
rate, this model accepts the samples of Dolce di Ros-
sano too.
The specificity of Dolce di Rossano is enough high

also if its model has a bit lower specificity with Uneq
model for Carolea. Coomans plot (Figs. 2 and 3) was
used to visualise both the sensitivity and the specificity
of the models of the studied classes both their specificity
towards the other four cultivars considered as test set.
Some of the test set samples were classified into the
three class models according to the following percen-
tages: 35% into Carolea, 4% into Cassanese and 11%
into Dolce di Rossano; while the 50% of the test set
samples were correctly classified as outliers.
The Coomans plot axes correspond to the SIMCA

distance of the first two class models (Fig. 2), the
straight lines are drawn at the critical level of the dis-
tance of each model. The most of samples of the test set
are correctly plotted in the oultier space, they are not
accepted by any cultivar. The most of samples of Cas-
sanese are accepted by their class model, few samples
are accepted also by the model of Carolea, and few
samples are considered as outliers. The most of samples
of Carolea lie inside their class model, only one sample
is accepted also by Cassanese model, and some samples
are considered as outliers. The samples of Dolce di
Rossano should be considered as ouliers (not accepted
by both models), but a lot of them are accepted by the
model of Carolea. In Fig. 3 the same consideration can
be made for the model of Cassanese and Dolce di Ros-
sano: the two model have high specificity. Using che-
mometric techniques it was possible to show the
differences among olive oils obtained by the olives of
these genotypes using the information contained in the
data set.
Since other kinds of information was present in the

data set (the distance from the sea and the year of har-

vest were known for each sample) chemometrics was to
used to find the relation among olive oils and micro-
climate and harvest year. The distance from the sea was
taken into account to find some influence of micro-
climate on sample of olive oils. To eliminate the varia-
tion of cultivar only the sample of the same cultivar was
elaborated. Therefore, the most numerous samples of
Carolea cultivars were submitted to the elaboration.
Four new subcategories were built inside Carolea: cate-
gory 1 consisted of 39 samples with distance from the
sea of 0 km, category 2 of 28 samples with distance from
the sea of 5 km, category 3 of 49 samples with distance
from the sea of 10 km, category 4 of 17 samples with
distance from the sea of 20 km.
One-way analysis of variance was performed to check

significant differences among classes, the class differ-
ences were non significant (at a level P=0.05) for the
most of variables. Consequently, it can be concluded
that the microclimate of Calabria is enough homo-
geneous and the variations depending on it are negli-
gible respect to those arising from the genotype.
The year of harvest is known for each sample, so the

differences due to it were studied. The 133 oil samples of
Carolea cultivar were picked in three years: 1993 (47
samples), 1994 (39 samples) and 1995 (47 samples).
The loading and score plot of the first two principal

components (Fig. 4; 47% explained variance) shows the
differences between year 1994 and the other two years.
These differences were verified by the results of classifi-
cation analysis. Quadratic discriminant analysis gave
correct prediction of 73% for the category 1993, 87%
for the category 1994 and 83% for the category of 1995
with leave-one-out validation method. The specificity of
the models gave further information about the differ-
ences among the olive oils of harvest year 1993–1995.
The model of year 1993 is highly specific towards that of
year 1994, specificity towards year 1994 is 80%, but not
for year 1995, the specificity towards year 1995 is 30%.

Fig. 2. Coomans plot of Cassanese and Carolea model. Fig. 3. Coomans plot of Cassanese and Dolce di Rossano model.
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The model of year 1995 is highly specific towards that of
year 1994, specificity towards year 1994 is 87%, but not
for year 1993, the specificity towards year 1993 is 43%.
From the values of specificity of the classes it is evident
that the two models of years 1993 and 1995 are different
from the model of 1994, i.e. the quality of olive oil is
similar for the two harvest year.

5. Conclusions

The chemical information provided by the 14 vari-
ables measured on virgin olive oil samples from three
important cultivars of Calabria enabled us to distin-
guish mainly the olive oil samples of Cassanese cultivar,
traditionally cultivated near Cassano in the north of
Calabria. This means that it is possible to distinguish
and protect the olive oils belonging to the Sibaritide
submention of Bruzio PDO. The differentiation of the
olive oils belonging to Colline Ioniche Presilane sub-
mention of Bruzio PDO is not so evident. In the case of
samples from Carolea only the specificity towards Cas-
sanese cultivar was high, whereas the specificity towards
Dolce di Rossano was low, probably because of more
close genetic distance among them.
In addition, the results of the present work suggest

that since the microclimate of Calabria is enough
homogeneous, its influence on fatty acids is negligible
with respect to influence of the genotype. Under these
conditions any discrimination of olive oil samples based
on geographical area of origin is very difficult.
Finally, the statistical analysis also allowed us to

highlight the most significant variables for the data set,
thus confirming the usefulness of fatty acids to distin-
guish the monovarietal olive oils belonging to some
particular cultivars. Therefore, the combination of sim-
ple and relatively inexpensive analytical parameters

such as fatty acids and chemometric techniques repre-
sents a useful tool to characterise the Calabrian olive
oils.
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