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In this study, for the first time, the impact of the genetic factor on the contents of oleuropein in olive
leaves was not only evaluated but the influence exerted by the color/age of leaves (green, green-
yellowish, and yellow) and the collecting period (spring or autumn) was also evaluated. A repetitive
high-resolution gas chromatographic quantitation method and an accurate high-performance liquid
chromatographic method were developed. These analytical methods gave results showing a highly
linear relationship. Samples of olive leaves were taken from seven major Italian olive cultivars, such
as Dritta, Leccino, Caroleo, Coratina, Castiglionese, Nebbio, and Grossa di Cassano. Such a vegetal
raw material could actually be exploited for recovering oleuropein, considered to be a high-added
value molecule. This could be converted into hydrxytyrosol, a compound known to possess strong
bioactive properties. Olive leaves showed considerable contents of oleuropein, which with some
cultivars were even higher with respect to those present in the corresponding olive fruits (reported in
the literature). The amounts of oleuropein in the collected leaves were markedly modified by the
color/age and genetic factors, whereas meaningless variations were ascribable to the quantitation
method and the collecting period factors. Various chemometrics, applied to the obtained analytical
data, appeared to be effective in discriminating the samples on the basis of the above-examined
experimental factors, thus confirming how these should be taken into account in future industrial
recovery of oleuropein from olive leaves.
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INTRODUCTION europaeal.), is the secologanin compound. Iridoids are

Olive tree Qlea europaed.., Oleaceae) is known for its ~Monoterpenes () arising from the folding of geraniol,
capacity of making an organic matter containing a high characterlz_ed_ by a bicyclic fused ring syst_em (six-membered
proportion of biophenol compounds. These amphiphilic mol- heterocyclic ring fused to a cyclopentane ring) §).
ecules accumulate essentially into the fruit (and leaf), especially ~Oleuropein was detected for the first time in the fruit@f
during growth and the first stages of maturation. Several europaed.. by Bourquelot and Ventilesc®), but its chemical
investigations involved the phenol composition of olive fruit Structure was assigned by Panizzi et al. (7). It is the heterosidic
and its derivatives. Recently, some studies considered the phenogster of 3,4-dihydroxyphenilethanol (hydroxytyrosol) wikglu-
fraction present in olive leave4,(2). This research seemed to cosylated elenolic acid. Hydroxytyrosol in turn consists of two
indicate that olive leaf has a qualitative phenol composition bounded molecular structures, such as catechol and etgnol (

similar to that of olive fruit. The iridoid oleuropein (a bitter Oleuropein is easily transformed by the endogenous or
compound) is the main phenol component followed by other exogenoug-glycosidase enzyme into glucose and oleuropein
phenol glycosides (or esters) (3). aglycon. The product obtained by subsequent esterolysis of the

Such a functional compound belongs to the group of phenol |atter compound is hydroxytyrosol, a high-added value phenol
secoiridoids (including also demethyloleuropein, ligstroside, and molecule claimed to be highly bioactive. The intermediate
niizenide), which form through opening of the five-membered aglycon structure can also undergo the opening of the elenolic
ring of iridoids. The parent of this group of plant metabolites, ring moiety giving rise to chemical rearrangements (decarboxi-
which occur only in the Olearaceae family (includir@. lation, methylation, and oxidation) with formation of new phenol
aglycon structures, which also can exist as unstable ketoenolic

*_To whom correspondence_should be addressed. T89-085-95294. tautomer forms (e.g., mono- and dialdehydic formig)-{1).
Fa’?'lS;%?fggﬁﬁggﬁ%‘f'prgf'l'.égifgtréi?ﬁg]‘a"'@e”tecra"t' Figure 1 shows the chemical structure of oleuropein and related
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10.1021/jf051647b CCC: $33.50  © 2006 American Chemical Society
Published on Web 12/17/2005



Factors Impacting Oleuropein Levels in Olive Leaves J. Agric. Food Chem., Vol. 54, No. 2, 2006 435

OH
o] COOMe
N o) COOMe
HO
O AN
(@)
; OH 7z OH
oH OH H / O
OGlu

of
Catechol Elenolic acid Hydroxytyrosol Oleuropein

o COOMe
\ CH /]é Rec
oHG
o A
I 5 -
I MeQOC

7 O

Oleuropein aglycon 5 Geraniol Iridoid Secoiridoid Secologanin

Figure 1. Chemical structures of oleuropein and related compounds.

The antimicrobial, antioxidative, and healthy effects of chlorosilane,o-phosphoric acid, hydrochloric acid, and acetonitrile.
oleuropein and hydroxytyrosol have been documer@gdrfis They were of analytical grade and were all provided by Carlo Erba
latter is claimed to be the main functional biophenol molecule SPA (Milan, Italy). Pure oleuropein standard was from Extrasisehe
and the most potent antioxidant because of the presence of thd©Genay, France).
catechol moiety in its molecule (1213). The oleuropein Preparation of Olive Leaf Samples.The lItalian olive cultivars
molecule is known to be antiatherogenic and cardioprotective Dritta, Leccino, Caroleo, Coratina, Castiglionese, Nebbio, and Grossa
(inhibition of low-density lipoprotein oxidation and platelet 4 £assano (eight trees for each cultivar having the same age and

. . . . . uniform vegetative features), grown in the same orchard, in Middle
aggregation), hypoglycemic, antihypertensive (vasodilatator),

- : . " Italy, were selected. They were submitted to the same cultural conditions
antiviral (even against the HIV virus), antiinflammatory (bY  (oruning, watering, and harvesting) and the same geographical, geologi-

inhibiting the 5-lipoxygenase enzyme), cytostatic (against the ca|, and climatic conditions. From each of these cultiva kg sample
McCoy cells), molluscicidal, endocrinal, and an enzyme modu- of leaves was taken uniformly from the canopy of the trees. Sampling
lator (14—17). Hydroxytyrosol, in addition to exerting more  was carried out in March and October of 2003 because olive tree is an
markedly most of the biolological activities ascribed to oleu- evergreen plant characterized by two periods of foliation (which in our
ropein, protects the human erythrocytes against the oxidativeclimate fall in spring and autumn, respectively). From each homog-
damage, reduces superoxide anion production in the humanenlze_d_sample, three 200 9 subsampl_es of _Ieaves were taken, one
promonocyte cells, inhibits peroxynitrite-dependent damage, consisting of.young/developlng ]eaves with an intense green color, one
induces cytochrome C-dependent apopostis, inhibits tumor cell Of leaves with a green-yellowish color (average age), and one of

. - . L - semihardened leaves with a faded yellow color and near to the shedding
Eg;llferatlon, and finally inhibits leukocytes leukotrieng @8, stage (old leaves).

B f their rich . tioxidant ph | d Preparation of Leaf Extracts. Each of the above subsamples of
ecause of their richness in antioxidant phenols (compoun Sleaves was immediately blended into a fine powder. This (1 g) was

also claimed to be basic natural flavorings), olive leaves have gyiracted with a 3x 50 mL methanoliwater mixture (2.3:1, v/v) that
recently been successfully mixed with overripe olives §2b) was vortexed for 6 min. The extracts (150 mL in total) were transferred
before processing to produce oils with a more marked flavor to a 250 mL volumetric flask and evaporated by a rotary evaporator at
and a higher resistance to oxidatic2D(21). Also, tablets of a temperature of 36C. The residual aqueous phase (~30 mL) was
olive leaf extracts have recently been marketed as a dietetictransferred to a 100 mL separator funnel, acidified with hydrochloric
product or a food integrator (13). Finally, studies targeted to acid up to pH 3.1, and extracted with>350 mL ethyl acetate. After
recover the significant amounts-8% dry weight) of oleanolic ~ Vigorous stirring of the mixture for 1 min, the phases separated
acid from olive leaves have been carried out. The oils thoroughly after an interval of 10 min. The surnatants (ethyl acetate

supplemented with this acid have been found to be useful in phases) were transferred to a volumetric flask (200 mL) and eyaporated
. . to dryness in a rotary evaporator at a temperature €30 he residual
preparing functional foods (22).

. ; . . aqueous phase was subjected to sdliguid extraction using columns
However, olive leaves (resulting from pruning or defoliation  gpg coated with strata-X 38m polymeric sorbent (Phenomenex,

of olive fruits before processing) have not yet been exploited Torrance, CA). Elution was done with methanol 45 mL). The
industrially. They are still regarded as a byproduct/residue to eluates were transferred to the above 200 mL volumetric flask and
use as a fuel after drying or as an animal feed. This work was evaporated as above-described. The end residue was redissolved in 20
designed to study the content of oleuropein in leaves from sevenmL of methanol.

major Italian olive cultivars in order to elucidate its range of High-Resolution Gas Chromatographic (HRGC) Analysis of
variation with respect not only to the genetic factor but also to Oleuropein. A reliable HRGC method (repetitiveness expressed as
the collecting period and the color/age of leaves, as well as to RSD%= 5.1%;n = 10) was set up. One milliliter of the above final

the quantitation method used. A general knowledge including me_th_anol solution was f:lried und_er a nitrogen s_tream, s_ilanized with a
such important aspects is in fact not yet available in the pyridine/hexamethyldisilazane/trimethylchlorosilane mixture (2:1:1,

literature. This study could have both scientific and economic /¥/¥). @nd kept in a cold dark environment fo2 h. Next, injection
consequences for the olive-growing sector (0.5uL) in the gas chromatograph was done. This was equipped with

a 30 m x0.32 mm i.d., 0.1Q«m HP-1 capillary column coated with
dimethylpolysiloxane (Agilent Technologies, Wilmington, DE). The
MATERIALS AND METHODS oven temperature was programmed as follows: started atC;0
Chemicals. The reagents used were methanol, water plus, ethyl increased to 90C at a rate of 10C/ min, increased to 308C at a
acetate, ethanol anhydrous, pyridine, hexamethyldisilazane, trimethyl- rate of 4°C/min, increased to 31%C at a rate of 5C/min, and held
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Table 1. Contents (as g/kg Fresh Weight) of Oleuropein (as Determined by HRGC or HPLC Methods) in Green (GR), Green-Yellowish (GY), and
Yellow (YL) Leaves Collected from Seven Italian Olive Cultivars in March of 20032

GR GY YL
olive cultivars HRGC HPLC HRGC HPLC HRGC HPLC
Dritta 3.21+0.23 Aa 2.99 £0.20 Aa 2.22+0.12 Ab 2.36 £0.18 Ab 1.10 £ 0.06 Ac 1.23+0.06 Ac
Leccino 2.33+0.15Ba 2.44 +0.20 Ba 1.38+0.10Bb 1.36 +£0.09 Bb 0.98 +0.06 Ac 1.01 +£0.07 ABc
Caroleo 2.36 £0.20 Ba 2.24 £0.76 Ba 1.43+0.11Bb 151+0.10Bb 0.92 £0.05 Ac 0.90 £0.07 Bc
Coratina 4.28 £0.29 Ca 4.43+0.13Ca 3.10+£0.25Ch 2.99+£0.25Ch 1.77+£0.12Bc 1.84+0.14 Cc
Castiglionese 7.29 £ 0.50 Da 7.11+0.53 Da 5.38 +£0.36 DEb 5.05+0.37 Dc 3.01+023Cd 2.89+0.16 Dd
Nebbio 8.61 £ 0.68 Ea 8.55+0.71 Ea 5.08 £ 0.46 Db 5.16 + 0.40 DEb 3.61+0.25Dc 3.50+0.24 Cc
Grossa di Cassano 7.98+0.45Fa 8.10+0.59 Fa 5.63+0.21 Eb 5.55+0.38 Eb 3.73+0.34 Dc 3.62+0.18 Cc

@ Each reported value is the mean of three independent samples + standard deviation (SD). Means within the same row with different lower case letters or within the
same column with different capital letters are significantly different (Tukey's HSD range test, p < 0.05).

Table 2. Contents (as g/kg Fresh Weight) of Oleuropein (as Determined by HRGC or HPLC Methods) in GR, GY, and YL Leaves Collected from
Seven ltalian Olive Cultivars in October of 20032

GR GY YL
olive cultivars HRGC HPLC HRGC HPLC HRGC HPLC
Dritta 2.88+0.21 Aa 2.95+0.19 Aa 1.87+£0.11 Ab 1.78£0.12 Ab 1.00 +£0.05 Ac 0.95+0.06 Ac
Leccino 220+0.16 Ba 2.09+0.17Ba 156 +0.12 Bb 1.63 + 0.08 Ab 0.83 £ 0.06 ABc 0.80 +0.06 ABc
Caroleo 2.11+0.14 Ba 2.05+0.14 Ba 1.23+0.09 Ch 1.30+£0.07 Bb 0.80 = 0.06 Bc 0.78 £ 0.06 Bc
Coratina 4,01+0.20 Ca 3.96+0.30Ca 2.87+0.23Db 2.79+0.18 Ch 1.42£0.10 Cc 1.50+0.12 Cc
Castiglionese 6.95 £ 0.47 Da 6.89 £ 0.45 Da 501+0.37Eb 5.08 £ 0.40 Db 2.81+£0.19 Dc 2.88+£0.20 Dc
Nebbio 7.93+0.67 Ea 8.04 £ 0.60 Ea 493+ 0.34Eb 4.86 +0.36 Db 3.31+0.16 Ec 3.27+0.18 Ec
Grossa di Cassano 7.62 £0.36 Ea 7.70 £0.53 Fa 5.01+0.29 Eb 5.11+0.35Db 3.18 +£0.25 Ec 3.08 £0.21 EDc

2 Each reported value is the mean of three independent samples + SD. Means within the same row with different lower case letters or within the same column with
different capital letters are significantly different (Tukey's HSD range test, p < 0.05).

at this temperature for 15 min. Both injector and detector temperatures ~ Statistics.A 7 x 3 x 2 x 2 factorial design (seven olive cultivars

were 320°C. Hydrogen was the carrier gas (column pressaré0 x three kinds of olive leaves two analytical methods two collecting

kPa). The amounts of oleuropein in the extracts were calculated using periods) was adopted. The analytical data were processed by analysis

a calibration curve (r= 0.9896**) obtained from four standard  of variance (ANOVA). For each test, three replications were planned.

solutions containing increasing concentrations of this pure glycoside. When a significantF value was found, means were separated by

The experimental findings were the averages of four different measure- Tukey’s posthoc pairwise tes?4). Multivariate technique24—26),

ments. such as principal component analysis (PCA), hierarchical cluster
High-Performance Liquid Chromatography (HPLC) Analysis of analysis (HCA), and canonical discriminant analysis (CDA), were also

Oleuropein. A repetitive HPLC method was also developed (repetitive- Used. The statistical method used depended on the characteristics of

ness expressed as RSD%64.4%;n = 10). Separation of oleuropein  the data matrix, the chosen one being that leading to lower error rate

from the leaf extract, prepared according to the above-described and lower risk. A nonparametric multivariate methOd, such as clas-

procedure, was carried out by a reversed silica phase adsorboshere Xxisification and regression tree (CART), was also ugel (The statistical

C18 90 A column (250 mnx 4.6 mm, 5um) (Altech, Deerfield, IL). software packages Statistica release 6.0 (Statsoft Inc., OK), Minitab

The mobile phase consisted of an acetonitrile/water (21:79, viv) mixture release 13.0 (Minitab Inc., State College, PA), and SPSS release 12.0

acidified witho-phosphoric acid (up to pH 3). This mixture was pumped (SPSS Inc., Chicago, IL) were used (24—26).

at 1 mL/min at room temperature. The pressure and flux were 0.75

mL/min and 1100 psi, respectively. The detector was a spectropho- RESULTS AND DISCUSSION

Lci)mt‘iar?;r f‘?;’[agidoﬁ‘\t/ez?gafnrenxg’r";g’te\';i?ﬁt;" n?frgfltiz V;E:)evgr;%"’k‘;?: bY The obtained analytical data concerning oleuropein contents
phase mixture. A volume of5 uL was injected. To calculate the in O. europaea__. '?a"es are given |ﬁ'_ables 1and_2_[mea_ns .
contents of oleuropein in the olive leaf extracts, a four-point calibration + standard deviations (SP) along W'th the statistical signifi-
curve (r = 0.9936+*) prepared using the standard solutions (with Cances]. These data confirm how olive leaves are a source of
increasing concentrations) was used. oleuropein (89). Another work in progress in our laboratory
Rancimat Test. The antioxidative power of the olive leaf extracts ~SUggests how the contents of oleuropein in young olive leaves
was evaluated by the established and repetitive Rancimat test. Aare comparable or even higher (with some cultivars) than those
Rancimat apparatus (model 679) operated at X2vith an air flow detected in unripe olive fruits.
rate of 20 L/h was from Metrohom Co. (Basel, Switzerland). Refined ~ Impact of Cultivar and Collecting Season factors on
olive oil purified according to a previously described procedure was Contents of Oleuropein in Olive Leaves.In general, the
the medium submitted to forced oxidatiaZ8). The volatile oxidation  genetic factor significantly impacted the content of oleuropein
products (small molecules) were stripped from the lipid medium by i the collected olive leaved @bles 1and2). In order, Nebbio,
dlssolwr_lg_ in cold distilled water Wlth an increase of the electrlc_al Grossa di Cassano, and Castiglionese leaves showed higher
Icond“Ct'V'ty parameter value. The time (h) taken to reach a determined . 045 of oleuropein (whatever the collecting period consid-
evel of conductivity, corresponding to the flex point of the peroxidation e
curve (recorded at the paper speed of 1 cm/h), was considered as ar?rEd' the quantification procedu.re used, and the color/age of
oxidation mark (induction time). The higher the induction time value, €aves), whereas Caroleo, Leccino, and Dritta leaves had the
the higher the antioxidizing potency of the olive leaf extract. All tests lowWer concentrations. Finally, Coratina leaves showed average
were run in triplicate and averaged. Each extract was tested in concentrations of oleuropein. The differences seemed to be more
comparison with a blank (purified refined olive oil alone). marked when the comparisons among cultivars involved the
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picked from the Coratina cultivar. The arrow indicates the peak sponding to oleuropein.

corresponding to oleuropein.

probably to biochemical pathways in which the endogenous

green leaves (because these were very rich in oleuropein). Suctg-glucosidase enzyme could play a key role-(2).
a genetic feature could b_e exploited for chemotgxnomic PUrPOSES  Antioxidant Potency of Olive Leaves Extracts.Results of
as well as for evaluation of the homogeneity of the olive he Rancimat test (data not shown) proved that the olive leaf
cultivars. extracts are in general endowed with marked antioxidizing

The contents of oleuropein in olive leaves were in general properties, thus confirming previous resulgs {3). However,
barely influenced by the collecting period factor. In fact, no our research showed how these properties are quite affected by
very substantial differences were observed between the ho-the studied leaf color/age variable. The green leaves, in fact,
mologous kinds of leaves (characterized by the same color/age)exhibited the highest antioxidizing potency. The genetic factor
collected in March or October (independently of the olive (cultivar) also induced a significant effect. The induction time
cultivar considered and the analytical determination method values of the olive leaf extracts ranged from 12 to 21 h and
used) (Tables land 2). The samples of leaves collected in appeared to be significantly higher than those reported in the
October seemed to contain slightly lower amounts of oleuropein literature 3) concerning reference antioxidants, such as trolox,
than those collected in March, likely due to a higher degradation |-ascorbic acid, BHA (2-3-di-tert-butyl-4-hydroxyanisole), BHT
rate of this glycoside in autumn and in addition to lower (3 5-di-tert-butyl-4-hidroxytoluene), TBHA (tert-butyl-hidro-
production of green young leaves (leaf renovation) during this quinone), NDGA (nord-hydroguaiaretic acid), and gallates. A
season with respect to the spring period. quite good linear relationship between oleuropein content and

Effects of Quantitation Method and Color/Age of Leaves antioxidant potency of the extracts was foumd=(0.9018 *;
on Their Contents of Oleuropein. No statistically significant ~ p < 0.01;n= 21). The oleuropein extracts from Nebbio, Grossa
differences were observed between the two compared developedli Cassano, and Castiglionese leaves displayed the higher
methods (HRGC vs HPLC) of determination of oleuropein in antioxidizing potency values. Those from Dritta, Caroleo, and
olive leaves (regardless of the olive cultivar examined, the Leccino leaves showed the lower values. A medium value was
collecting period considered, and the color/age of leaves) displayed in Coratina leaves in agreement with its average levels
(Tables 1 and2). These analytical methods were both very of oleuropein.
effective, but with the HPLC method, the time of analysis was  The antioxidizing potency dD. europaed.. leaf extract can
significantly shorter, since the prepared sample could be injectedfurther be enhanced by hydrolyzing the contained oleuropein
in the HPLC system without prior silanization (one step that amounts in hydroxytyrosol, ao-diphenol compound (making
took ~1 h). In the obtained HRGC and HPLC chromatograms up the catechol moiety of this glycoside) endowed with strong
(the first being very complex), the major peak, corresponding radical hydrogen donor ability and capable of scavenging the
to oleuropein (the only compound to be quantified in this work), superoxide anion. These properties are strictly related to the
has been identified. This identification was made by comparison o-dihydroxy (catecholic) substitution possibility, whereas single
with a pure standard of oleuropein. The other peaks, which will hydroxyl substitution, as in the case of tyrosol, provides no
be identified by combined instrumental techniques within other antioxidative activity {2,13). It is noteworthy to point out that
research projects, could mainly include other secoiridoids as BHT and vitamin E do not scavenge the superoxide anion, so
well as flavonoids and verbascoside. A highly positive linear the olive leaf extract could actually add stability to food industry
relationship { = 0.9498**; p < 0.001) between the two series  products exposed to high,O levels (2,3). Thep-glycosidase
of analytical datar{ = 21) obtained with the HRGC and HPLC  enzyme needed for conversion of oleuropein into hydroxytyrosol
methods was found. An example of HRGC (Figure 2) and one can be immobilized on the chitosan matrix (8). It is obtainable
of HPLC (Figure 3) chromatograms have been reported. from either the almond fruits or the hyperthermophilic micro-

We also observed that the contents of oleuropein, irrespectiveorganisms, likeSulfolobulus solfataricug9, 10).
of the olive cultivar, the quantification method, and the Results of Multivariate Analyses. Figure 4shows how the
collecting period factors, were markedly affected by the color/ PCA method, applied to the olive leaf oleuropein content data
age factor, which was quite higher in the leaves with an intense of Table 2 and based on cases including the factors color/age
green color (including mainly those at the developing stage). of leaves and oleuropein quantitation method (HRGC or HPLC
The green-yellowish leaves and noticeably the yellow ones (nearmethod), is capable of characterizing by the dimensions 1 and
to the falling stage) displayed markedly lower contents of 2 (accounting for 67.8 and 32.2% of variance, respectively) the
oleuropein. This suggests that oleuropein in olive leaves is color/age variable. However, within each leaf color, the quan-
gradually degraded with their progressive aging, due most titation method variable is not or is poorly discriminated. These
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Figure 5. Classification of olive leaves by color, using CDA, based on
the analytical data of Table 2 and on cases including the factors color/
age of leaves and oleuropein quantitation method (HRGC or HPLC
method). Abbreviations are as in Table 2.
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Figure 6. Dendrogram showing the clustering of olive leaf samples by
color, based on the analytical data of Table 2 and on cases including the
factors color/age of leaves and oleuropein quantitation method (HRGC
or HPLC method). Abbreviations concerning color: GR, green; GY, green-
yellowish; and YL, yellow.
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combined analytical data of Tables 1 and 2 and on cases including the
factors color/age of olive leaves, oleuropein quantitation method (HRGC
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®; green—second period, O; green-yellowish—first period, W; green-
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whereas within this no discrimination seems to involve the
guantitation method variablerigure 8, obtained from the
combined data oTables 1and2 and based on cases including
the factors color/age of leaves, collecting season, and oleuropein
guantitation method (HRGC or HPLC method), shows how the
PCA dimensions 1 and 2 (accounting for 69.6 and 31.4% of
variance, respectively) are capable of discriminating the color/
age variable. Within this, two subgroupings corresponding to
the two collecting periods seem to be relatively separated, while
no discrimination seems to involve the quantitation method
variable. The dendrogram iRigure 9 from HCA analysis,
applied to the same combined datarables 1and2, confirms

that the leaf samples differentiate by their color/age.

The concentrations of oleuropein in olive leaves referred to
in this work are in general consistent with those given by other
authors {, 4), even though these do not report the effects related
to the various impacting factors, which as this study has proven
clearly can substantially modify the oleuropein levels. The
confirmed (although quite variable) high levels of secoiridoid
oleuropein in olive leaves suggest how this vegetal material

analysis, applied to the same data set and based on the rootsould actually be exploited at an industrial level (especially the
(canonical functions) 1 and 2, as well as by the dendrogram green leaves) to recovery such an organic high-added value

from HCA analysis (Figure 6).

molecule (one transformable into the much more bioactive

Figure 7 shows how the CART’s nonparametric method, hydroxytyrosol molecule). Such an industrial activity could

applied to the data ofable 1and based on cases including the

result in a significant additional income for the olive growing

factors olive cultivar and oleuropein quantitation method (HRGC sector, thus solving at least in part the lasting problems related
or HPLC method), is able to discriminate the cultivar variable, to its high production costs.
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Figure 9. Dendrogram showing the clustering of olive leaves by color,
based on the combined data of Tables 1 and 2 and on cases including
the factors oleuropein quantitation method (HRGC or HPLC method), color/
age, and collecting period of leaves. Color abbreviations are as in the
Figure 4 legend.
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ABBREVIATIONS USED

PCA, principal component analysis; HCA, hierarchical cluster
analysis; CDA, canonical discriminant analysis; CART, clas-
sification and regression tree; ANOVA, analysis of variance;
BHA, 2-3-ditert-butyl-4-hydroxyanisole; BHT, 3,5-dert-
butyl-4-hidroxytoluene; TBHAtert-butyl-hidroquinone; NDGA,
nord-hydroguaiaretic acid.
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