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The Protected Designation of Origin (PDO) “Riviera Ligure” for extra-virgin olive oils from Liguria
specifies three additional geographical mentions corresponding to three different geographical areas.
To obtain a complete characterization of this typical Italian product, 217 samples of olive oils produced
in this North Italian region during 1998/99 and 1999/2000 were analyzed. For each sample 31 variables
were determined by chemical—physical analyses, and the data were subjected to a multivariate
statistical analysis. For the 1998/99 crop, characterized by favorable climatic conditions, class-models
of the three geographical areas were obtained with good predictive ability, also considering the
influence of the month of olive harvesting. The oil samples from the 1999/2000 crop were similarly
studied, but bad climatic conditions and a widespread Dacus oleae infestation leveled out the peculiar
features of the oils produced in the three areas.

KEYWORDS: Extra-virgin olive oil; Riviera Ligure; PDO; chemical —physical parameters; classification;
class-modeling; harvesting and agronomic conditions

INTRODUCTION Fiori”, “Riviera del Ponente Savonese”, and “Riviera di Le-
vante” — approximately corresponding to the geographical areas
mentioned above (Figure 1). For each area the PDO indicates
some special organoleptic features together with the minimum
acceptable panel test score. Moreover, maximum acceptable
acidity, peroxide number, and UV absorbance at 232 and 270
Aim are reported, but only the values for acidity and peroxide
number are slightly different. These few analytical parameters

Extra-virgin olive oil has a highly variable chemical composi-
tion. This variability mostly depends on olive cultivars, climatic
conditions, and agricultural practices.

Liguria is a North Italian region that stretches along a wide
tract of the Mediterranean coast. Its eastern and western coast
(Rivieras) have considerably different orographic and climatic
characteristics, '\."Ofeo"eﬁ olive groves are present both alongare certainly not sufficient to distinguish the three groups.
the whole coastline and in a large part of its inland, and their . L
numerous cultivars are not homogeneously spread throughout To obtain a more gomplete .characterllzat!on, more than 200
the Region. For example, in La Spezia province (East Liguria), samples of extra-virgin olive oils from Liguria were analyzed.

there are some cultivars, such as Razzola and Lantesca, Whicr;rhe chemical-physical parameters reported in the PDO Regula-

are quite absent in the other areas. Cv Taggiasca, on the othepon were determined, together with several further analytical
hand, is largely grown in Imperia province (Wes,t Liguria) variables related to oil composition. Then class-modeling meth-

whereas in the center of the region several cultivars, such asOds were applied._This sFu_dy aims at C"”!S.Sifying o_ils_on the basis
Pignola and the already mentioned Taggiasca, are grownOf their geograph|_cal origin and_ at de_fl_nlng statistical models
together. Thus, extra-virgin olive oils from Liguria show a rather capalble of determining the possible origin of unknown samples.
different chemical composition, even if more homogeneous Olive oil samples produced from 1998/99 and 1999/2000
characteristics can be outlined in oils coming from the three Crops were studied. These years were particularly meaningful
distinct areas formed respectively by the province of Imperia, P€cause they showed clearly different climatic conditions. In
the province of Savona, and the provinces of Genoa and La 1998-99 high summer temperatures and poor autumn rainfalls
Spezia together. contributed to limitingDacus oleagnfestation and improving

For this reason extra-virgin olive oils from Liguria received ©il quality. On the contrary, in the following year lower summer
the Protected Designation of Origin (PDO) “Riviera Ligure” temperatures favored the spreading of the infestation, and strong

(1) with three additional geographical mentiongRiviera dei autumn winds and rainstorms further worsened olive oil quality.
* Corresponding author. Phonet39-010-353 2643/2631. Faxt-39- MATERIALS AND METHODS
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N - “Riviera dei Fiori” pherols analysis was carried out by normal-phase HPLC according to
N “Riviera del Ponente Savonese” American Oil Chemists’ Society methods (AOC8).(With regard to
r— “Riviera di Levante” the determined variables, each sample can be defined as extra-virgin

olive oil according to the European Community Regulation (2).
Multivariate Statistical Analysis. Several chemometric techniques
were used to characterize this typical product on the basis of its chemical

composition.

For each crop, a data matrix having as many rows as there were oll
samples and 31 columns (the 31 chemical variables report€dhle
1) was built and studied by chemometric tools (set A and set B,
respectively, for 1998/99 and 1999/2000). In both cases the samples
were divided into three categories corresponding to the already-
mentioned geographical areas according to their origin: Category 1,
oils from “Riviera dei Fiori” (37 samples in set A, 26 samples in set
B); Category 2, oils from “Riviera del Ponente Savonese” (23 samples
in set A, 33 samples in set B); and Category 3, oils from “Riviera di
Levante” (47 samples in set A, 51 samples in set B).

The univariate statistical parameters of the 31 variables for each
crop and location are reported Table 2.

At the beginning, an explanatory examination of the autoscaled data
no. variable was performed using the principal component analysis (PGH)&
well-known technique to extract, rationalize, and visualize all useful

Figure 1. Geographical areas mentioned in the Protected Designation of
Origin (PDO) Regulation for “Riviera Ligure”(1).

Table 1. Physical-Chemical Variables

1 acidity (% oleic acid) information from the data set. It involves an orthogonal rotation that
2 peroxide value (meq O2/kg) transforms the original variables into uncorrelated variables (new axes)
UV indexes called principal componentsprdered according to their explained
3 Koz variance. The coefficients of the original variables defining each
4 Karo principal component are called “loadings”, and the projections of the
5 AK objects on the new axes are called “scores”.
fatty acids (g/100 g) Afterward, classification techniques were applied in order to calculate
6 palmitic classification rules allowing a discrimination among classes using
7 palmitoleic chemical—physical variables only.
8 eptadecanoic Linear discriminant analysis (LDA)] is a multivariate probabilistic
9 eptadecenoic classification method based on the use of multivariate probability
1(1) ziinc distribution, under the hypothesis of normal distribution with the same
12 linoleic variance—covariance matrix in all the considered classes.
13 linolenic Unequal class modeling (UNEQJ,(8) is the class modeling version
14 arachic of quadratic discriminant analysis (QDA), another probabilistic tech-
15 eicosaenoic nique, which differs from LDA as it builds a category model
polar compounds? (barycenter, a point in the multidimensional space) assuming a different
16 3,4-DHPEAb multivariate normal distribution for each category; it uses Bayes
17 p-HPEA® theorem. In general, a class-modeling technique builds a model of the
18 3,4-DHPEA-EDA? studied category: i.e., samples fitting the model are classified in the
19 total target category; the other objects are classified as rejected by the target
20 S@) category.
21 tocopherols (mg/kg oil) For each class, UNEQ defines the mathematical model and the
2 0 LLLE category space around it as the confidence hyperellipsoid of the
category, according to the Mahalanobis distance from the centroid.
sterols (g/100 g) Confidence intervals can be built at different levels of significance; in
gi ZZOIES[QK’I this study a 95% level of confidence was considered. This method was
-methylencholest. : . . )
25 campesterol applied to detgc_t outller_s and to assign samples with unknown
26 campestanol geographical origin to their true category.
27 stigmasterol It must be underlined that LDA and UNEQ can be used only with
28 sitosterol well-defined data matrixes, i.e., those having a high ratio between
29 AT-stigmastenol number of objects and number of variables inside each category. To
30 AT-avenasterol increase this ratio and to select the most discriminant variables among
31 total sterols (mg/kg of oil) categories, stepwise linear discriminant analysis (SLIA\Was used.
To verify the models obtained by UNEQ, soft independent modeling
a Polar compounds are expressed in mg/kg oil as HPEA. ® 3,4-DHPEA= 3,4- of class analogy (SIMCA)9) was applied to the original data sets.
dihydroxyphenylethanol. ¢ p-HPEA = p- hydroxyphenylethanol. ¢ 3,4-DHPEA-EDA For each class of samples a PCA model was built; this model was
= dialdehydic form of elenolic acid bonded with 3,4-dihydroxyphenylethanol.  LLL based on the optimum number of components that best clusters the
= trilinolein. individual class, after a separate scaling for each category. The optimum

number of components can vary from class to class; in this study this
oil productions of 1998/99 and 1999/2000 were monitored by studying number is the one for which the explained variance of each class is
107 samples from the first crop and 110 samples from the second crop.95%.

Analytical Methods. Chemical—physical analyses were performed Nonerror-rate (the percentage of correctly classified objects),
in order to determine the 31 variables reported in fullable 1. Free sensitivity (the nonerror-rate for a class), and specificity (the percentage
acidity, peroxide value, UV absorbance, fatty acid composition, of objects of other classes rejected by the class model under study) of
trilinolein content, and sterol fraction composition and content were the obtained models are the criteria used to measure the classification
determined according to European Community Regulation no. 2568/ and the modeling performances (10).

91 (2). Polar compounds were extracted from oils and analyzed by  All the classification and modeling methods build models that must
HPLC—DAD as previously reported by Evangelisti et &).(Toco- be validated. In this study, the leave-one-out validation method was
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Table 2. Univariate Statistical Parameters of the 31 Measured PC2
Variables for Each Crop (Set A and Set B) and Location

1998/99 crop .
. o Riviera del - ) o
setA | ng;ersz dmellglson Pon;gtsa?navlggese R|V|4e7raS g:n Lek\elgnte 3 s
107 samples
p p p p . 3273%%3 1:26 , 11
\a mb s m s m s m s 3 1 8 14-3 d 52 "o
1 0.4 0.3 0.3 0.2 0.5 0.3 0.5 0.3 3 3:?05 3‘% 33: 1 n 1' PC1
2 9 3 N 9 3 9 3 el f@-,m;ssuas spe e
3 1.62 0.15 1.60 0.14 1.68 0.16 1.61 0.14 & 23 4P 4 3523 ‘11 ; !
4 009 002 008 001 009 003 010 002 2atas O, 2 f
5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2 3 f T !
6 116 11 11.0 1.0 117 11 12.1 0.9 725 39 |2 °?
7 0.9 0.2 0.8 0.2 1.0 0.3 0.9 0.2 12 ! 28
8 0.1 0.0 0.1 0.0 0.1 0.0 0.1 0.0
9 0.1 0.0 0.1 0.0 0.1 0.0 0.1 0.0 22
10 2.1 0.2 2.1 0.2 2.0 0.2 2.1 0.2
11 77.1 2.1 78.0 2.0 76.1 2.8 76.8 1.4
12 6.9 11 6.8 0.9 7.8 1.7 6.6 0.6 )
13 0.6 0.1 0.6 0.0 0.6 0.1 0.7 0.1
14 0.4 0.0 0.3 0.0 0.3 0.0 0.4 0.0
15 03 0.0 0.3 0.0 03 0.0 0.3 0.1 Figure 2. Biplot of the first two principal components (Set A).
16 1.0 2.9 0.4 0.8 0.6 1.0 1.8 4.2
17 4.1 3.4 4.3 35 3.8 2.6 4.2 3.7 i
18 50 106 75 10 e 93 18 200 Table 3. Feature Selection by SLDA
19 1189 60.2 133.2 56.5 86.4 43.6 1235 65.0
20 547 273 401 158 406 150 731 282 set
21 98.9 33.2 77.2 11.9 96.5 30.0 117.2 35.7 \a Al A2 A3 Anov Adec Ajan B1
22 0.1 0.0 0.1 0.0 0.1 0.1 0.1 0.0
23 0.2 0.1 0.2 0.1 0.3 0.1 0.2 0.1 1 ® . ® ®
24 0.2 0.1 0.2 0.0 0.2 0.1 0.2 0.1 2 . L . .
25 3.0 0.2 3.0 0.2 2.8 0.3 3.0 0.2 3 . . .
26 0.2 0.1 0.2 0.0 0.2 0.1 0.2 0.1 4 . . . . . .
27 1.2 0.7 0.7 0.2 1.0 0.5 1.6 0.8 5 . . . .
28 94.8 1.0 95.2 0.4 95.1 0.7 94.3 1.2 6 . . . . .
29 0.2 0.1 0.1 0.1 0.2 0.1 0.2 0.1 7 R . . . . R
30 0.3 0.2 0.3 0.2 0.3 0.2 0.3 0.2 8 R
31 1215 227 1165 140 1311 338 1207 206 9 . . . .
lo L] L]
1999/2000 crop 11 . . .
Riviera del 12 * ° °
setB Riviera dei Fiori  Ponente Savonese Riviera di Levante ﬁ * *
110 samples 26 samples 33 samples 51 samples 15 ‘ ¢ ¢ . : .
\ m S m S m S m S 16 .
1 06 03 04 03 06 03 07 03 " . . .
2 13 4 13 4 15 4 11 4 19 . .
3 1.75 0.25 1.75 0.23 191 0.29 1.63 0.16 20 . .
4 011  0.03 010 0.02 0.11 0.03 0.12 0.03 21 . . . . .
5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2 . .
6 12.6 0.9 12.0 0.9 12.6 0.9 129 0.8 23 . . .
7 1.0 0.2 0.8 0.1 11 0.2 0.9 0.1 o1 . .
8 0.1 0.0 0.1 0.0 0.1 0.0 0.0 0.0 25 . . . . . .
9 0.1 0.0 0.1 0.0 0.1 0.0 0.1 0.0 % . . . .
10 1.9 0.2 2.0 0.2 2.0 0.2 19 0.2 27 . .
11 76.0 1.8 76.9 1.6 75.4 2.3 75.9 13 28
12 7.0 1.0 6.9 0.7 75 1.3 6.7 0.6 2 .
13 0.7 0.1 0.7 0.1 0.7 0.1 0.7 0.1 0 . . . . .
14 0.3 0.0 0.3 0.0 0.3 0.0 04 0.0 31 . . .
15 0.3 0.0 0.3 0.0 0.3 0.0 0.3 0.0
16 0.5 1.7 0.5 1.7 0.8 2.2 0.4 13
17 3.7 45 59 7.3 29 3.4 3.1 2.7 2V = variable.
18 9.9 18.6 6.3 16.3 10.0 13.8 11.7 22.1
19 1077 577 1186 479 976 603 1086 605 o ] o
20 824 448 66.1  37.0 61.9 325 1040  46.0 used, dividing each data set into a training set (used to calculate
21 582 167 494 118 57.3 145 63.2 18.4 classification rules and class-models) and an evaluation set (used to
22 0.1 0.0 0.1 0.0 0.1 0.0 0.1 0.0 evaluate the prediction ability of rules and models).
gi gg 8(1) gg 8'8 85 81 8% 83 The prediction rate of each model is reported with its confidence
25 29 0.2 29 03 28 0.3 29 0.2 interval computed using binomial distribution (11).
26 0.1 0.0 0.2 0.0 0.1 0.0 0.1 0.0 Multivariate data evaluation was carried out by QPARVUS (12).
27 1.6 0.8 1.2 0.6 14 0.7 1.9 0.7
28 94.3 0.9 94.7 0.9 94.5 1.0 94.0 0.8
29 0.2 0.1 0.2 0.1 0.2 0.1 0.2 0.1 RESULTS AND DISCUSSION
30 0.5 0.2 0.4 0.2 0.5 0.2 0.4 0.1
31 1350 231 1255 146 1438 324 1342 168 The mean and the standard deviation of the 31 measured

variables for each crop and location are reportedale 2.
aV = variable. ®m = mean. s = standard deviation. The univariate analysis of this table does not show any relevant
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Table 4. LDA Results for 1998/99 Crop

classification rate (%) of set prediction rate (%) of set
class name Al Anov Adec Ajan Al Anov Adec Ajan
Riviera dei Fiori 97.6 100.0 100.0 100.0 94.6 100.0 100.0 75.0
Riviera del Ponente Savonese 78.5 100.0 100.0 100.0 65.2 100.0 100.0 88.9
Riviera di Levante 94.0 100.0 100.0 100.0 91.5 100.0 91.7 83.3

80.4<86.9<91.92 92.1<100.02 87.2<97.1<99.82 64.6<82.6<93.82

@ Mean prediction rate (%) with its 90% confidence interval.

Table 5. UNEQ Results for 1998/99 Crop

classification rate (%) of set prediction rate (%) of set

class name Al A2 A3 Al A2 A3

Riviera dei Fiori 100.0 100.0 81.1 64.9 70.3 75.7

Riviera del Ponente Savonese 95.7 87.0 56.5 304 47.8 39.1

Riviera di Levante 97.9 915 63.8 95.7 83.0 55.3

63.0<71.0<78.12 63.0<71.0<78.12 50.5<58.9<66.92
sensitivity specificity® sensitivity specificity® sensitivity specificity®
(%) (%) (%) (%) (%) (%)

Riviera dei Fiori 83.8 Vs 2 87.0 86.5 Vs 2 78.3 89.2 Vs 2 26.1
Vs 3 745 vs 3 68.1 vs 3 42.6
Riviera del Ponente Savonese 87.0 vsl 2.7 87.0 vs 1 0.0 95.7 vs 1 0.0
vs 3 14.9 vs 3 17.0 vs 3 10.6
Riviera di Levante 85.1 vs1 35.1 83.0 vs1 16.2 91.5 vs1 2.7
VS 2 73.9 Vs 2 65.2 Vs 2 8.7

aMean prediction rate (%) with its 90% confidence interval. ® Specificity is reported as a value for each class versus the other classes.

differences among the three geographical origins of the studied
olive oils, therefore a multivariate study is performed.

The PCA results for set A are shownkigure 2. This figure
represents the biplot (projection of the object scores and of the
variable loadings) on the first two principal components, which
explain about 35% of the data matrix information (the first 10
components concentrate 80% of the total variance).

The analysis of the loading plot emphasizes a partial
separation between the objects belonging to the category Riviera
dei Fiori with respect to the other objects on the first principal
component, which is mainly built by palmitic acid, oleic acid,
stigmasterol, and acidity. Riviera dei Fiori oils are characterized
by a relatively high oleic acid content and relatively low levels
of palmitic acid, stigmasterol, and acidity. The other two . .
categories seem to be more separated on the second principal Canonical Variable 1
component, which is mainly composed of linoleic acid and Figure 3. Plot of the first versus the second canonical variable (Set A1).
campesterol.

To classify and build the models of the classes, class- the prediction ability for Riviera del Ponente Savonese is less
modeling methods were used. The predictive ability of each Satisfactory, probably because of the central geographical
model was computed keeping in mind that the prediction rate Position of this area and the heterogeneity of the grown olive
must be larger than the random assignments, whose valuecultivars which strongly affects the fatty acid composition of
corresponds to 41% in the case of three classes and 107the oils.
predicted objects. To estimate the influence of the harvest time on the

LDA was applied to a reduced data matrix (18 variables), geographical classification of the oils, the samples were divided
obtained using SLDA (set Al iffable 3). The classification into three further groups: November (36 oil samples), December
results are shown ifiable 4 (set A1), and the class-separation (35 samples), and January (23 samples) according to the
is presented visually iffigure 3, which shows the scores of harvesting period. It is important to underline that oils not
each object on the plane of the two canonical variables. The produced during these months were not taken into account at
leave-one-out validation method was used to test the predictionthis stage.
classification ability. The same statistical analysis was repeated on each group and

By analyzing the results, it is possible to detect an objective LDA was applied on reduced data matrix@slle 3) obtained
difference among the three different geographical areas men-using SLDA: set Anov (14 variables selected); set Adec (14
tioned in the PDO. variables selected); and set Ajan (10 variables selected). The

Samples belonging to categories Riviera dei Fiori and Riviera results are reported ihable 4. The geographical classification
di Levante are always well predictedt 90%). On the contrary,  ability seems to be independent of the harvesting period, which

Canonical Variable 2
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Table 6. SIMCA Results (original data: set A) for 1998/99 Crop

class name classification rate (%) prediction rate (%)
Riviera dei Fiori 94.6 62.2
Riviera del Ponente Savonese 95.7 60.9
Riviera di Levante 915 87.2
65.0<73.0<79.82
sensitivity (%) specificity (%)°
Riviera dei Fiori 100.0 Vs 2 100.0
vs 3 100.0
Riviera del Ponente Savonese 86.4 vs1 75.7
vs 3 87.2
Riviera di Levante 88.4 vs1 67.6
VS 2 91.3

aMean prediction rate (%) with its 90% confidence interval. ® Specificity is
reported as a value for each class versus the other classes.

is usually delayed in the western areas of Liguria with respect
to the eastern part. This fact confirms that the objective
difference among the oils is primarily due to agronomic causes.
The prediction results are really excellent for sets Anov and
Adec, but are less satisfactory for set Ajan. The lower predictive
ability for January samples may be related to the leveling effect
of over-ripening on the peculiar features of the oils produced
in Liguria.

In addition to these classification results, the class-modeling
technique UNEQ was applied to the data set A1l. Moreover, to
verify the characterizing importance of the first 4 variables
reported inTable 1, which are indicated in the PDO Regulation
(2), we decided to use UNEQ on two other data sets, A2 and
A3 (Table 3). In the A2 data set, each object is described by a
vector of 14 variables, the 18 variables selected by SLDA minus

the 4 PDO variables, whereas in the A3 data set each object is

described by the 4 PDO variables.

The classification results are shown Tiable 5; by taking
into account the prediction ability, it is possible to point out
that the class models obtained using set A2 globally yield the
best results for all classdsloreover, the best model for Riviera
di Levante was obtained by using all 18 features selected by
SLDA; on the contrary, the best model for Riviera dei Fiori
was built by using only the 4 PDO variables. For the 3 classes
and for the 3 sets, the model sensitivities are quite similar, but
differences become evident considering the model specificity.

Taking into account the specificity of data set A2, whose

global prediction results are the best ones, it is evident that class

1 model is specific with respect to the other two class models
(Table 5). It is a quite compact model, able to accept only few

samples belonging to the other classes. On the contrary, this
does not apply to the Riviera del Ponente Savonese class, whos

model is rather scattered and not specific; this fact explains the
results obtained with LDA.

To verify the model validity, independently of the feature
selection used, SIMCA was performed on the whole data set
(original data, set A) and the results are reportedable 6
and inFigure 4. This figure represents the Coomans plii2)(
for the first and the third class (Riviera dei Fiori versus Riviera
di Levante).

SIMCA results obtained using the reduced data setfabfe
3 (A1, A2, A3) do not particularly improve the prediction ability
obtained using the whole data set A.

The application of chemometric methods allowed building
of useful models for extra-virgin olive oils from Riviera dei
Fiori, Riviera del Ponente Savonese, and Riviera di Levante
produced from the 199899 olive crop. In that year favorable

Boggia et al.

&
2
2
N
v
] 2
I 1
1 191
.
& ! 2
" E
4] 11 2
1
g 1 ]
2 g1 1 oB
Q ;1’1 1 2 >
1‘-11 ] 3 2 3 3
! 3 ’ ® 3 3
3 3
1 3 4 3 53 8
Distance from class 1
Figure 4. Coomans Plot for the first and the third class (Set A).
Table 7. Class-Modeling of the 1999—-2000 Oils Using 1998—99
Mathematical Model
UNEQ?of set SIMCA? of set
class name Al A2 A
Riviera dei Fiori 1/26 3/26 0/26
Riviera del Ponente Savonese 1/33 10/33 13/33
Riviera di Levante 44/51 50/51 40/51

@Results are reported as the number of true assignments versus the class
object number.

climatic conditions and limite@acus oleaénfestation allowed

the development of particular features of the oils produced in
the three areas mentioned in the PDO Regulation. The good
results for Riviera dei Fiori oils are certainly to be ascribed to
the cultivar homogeneity, which is reflected by the PDO
Regulation (>90% Taggiasca) for the Imperia area. As far as
Riviera di Levante is concerned, the obtained results show that
the different olive cultivars grown in Genoa and La Spezia
provinces yield oils with homogeneous analytical characters.
Finally, oils from Riviera del Ponente Savonese are affected
by the irregular presence of different cultivars. In this area, the
oils obtained from some cultivars, such as Colombaia and
Olivotto, have chemical compositions different from (i.e., lower
oleic and higher linoleic acid content) those of Taggiasca, which
is still the predominant cultivar. Thus, if the amounts of

1g:olombaia and Olivotto olives approach the highest allowed

evels, the fatty acid composition is considerably influenced.

To verify the performances of the mathematical model built
with the 1998/99 oil samples, this model was applied to the
oils of the following year. Unfortunately, UNEQ (both on set
Al and set A2) and SIMCA results (on the original data) are
acceptable only for the Riviera di Levante class, but they are
not useful for the prediction of the other two categori€alfle
7). Therefore, we can underline that, as far as the studied
chemicat-physical variables are concerned, the oil samples from
all western Liguria (Riviera dei Fiori and Riviera del Ponente
Savonese) obtained from the 1999/2000 crop are different from
similar samples obtained in the previous year.

Thus, we decided to study the new crop independently of
the previous one (data set B)able 8 summarizes the LDA
results obtained after the feature selection of 21 relevant
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Table 8. LDA Results for 1999/2000 Crop component analysis; LDA, linear discriminant analysis; UNEQ,
unequal class modeling; QDA, quadratic discriminant analysis;
classification rate prediction rate SLDA, stepwise linear discriminant analysis; SIMCA, soft
class name (%) of set B1 (%) of set B1 independent modeling of class analogy; 3,4-DHPEA, 3,4-
Riviera dei Fiori 82.8 731 dihydroxyphenylethanop-HPEA, p-hydroxyphenylethanol; 3,4-
Riviera del Ponente Savonese 819 58 DHPEA-EDA, dialdehydic form of elenolic acid bonded with
Riviera di Levante 92.1 86.3

72 7¢80.0<86.0° 3,4-dihydroxyphenylethanol.
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Riviera del Ponente ~ 90.9 90.9 75.8 69.7 Anal. Chim. Actal986,184, 33-51.
Savonese (8) Forina, M.; Lanteri, S.; Sarabia, L. Distance and class space in
Riviera di Levante 90.2 82.3 745 726 the UNEQ class-modeling technique. J. Chemomefri85,9,
53.6<61.8<69.52  51.8<60.6<67.82 69—89.
(9) Wold, S.; Sjostrom, M. SIMCA: A method for analysing
#Mean prediction rate (%) with its 90% confidence interval. chemical data in terms of similarity and analogy Ghemomet-
rics, Theory and Application;Kowalski, B. R., Ed; ACS
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