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Qualitative and Semiquantitative Analysis of Phenolic
Compounds in Extra Virgin Olive Oils as a Function of the
Ripening Degree of Olive Fruits by Different Analytical

Techniques
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Capillary electrophoresis (CE) can be effectively used as a fast screening tool to obtain qualitative
and semiquantitative information about simple and complex phenolic compounds of extra virgin olive
oil. Three simple phenols (tyrosol, hydroxytyrosol, and vanillic acid), a secoiridoid derivative (deacetoxy
oleuropein aglycon), and two lignans (pinoresinol and acetoxypinoresinol) were detected as the main
compounds in extra virgin olive oils by high-performance liquid chromatography (HPLC) and capillary
zone electrophoresis (CZE). Spectrophotometric indices, radical scavenging activity, and oxidative
stability of extra virgin olive oil samples obtained from olives hand-picked at different ripening degrees
were statistically correlated with the CZE and HPLC quantification. The concentration of phenols in
extra virgin olive oil decreased with ripeness of olive fruits. The high correlations found between
CZE and the other analytical results indicate that CE can be applied as a rapid and reliable tool to
routinely determine phenolic compounds in extra virgin olive oils.

KEYWORDS: Capillary zone electrophoresis (CZE); high-performance liquid chromatography—mass
spectrometry detection (HPLC-MSD); phenolic compounds; lignans; virgin olive oil

INTRODUCTION Therefore, the use of faster analytical techniques and screen-
ing tools, allowing a rapid screening of phenolic compounds
of olive oils, is strongly recommended. Capillary electrophoresis
(CE) might represent a good compromise between analysis time
]and satisfactory characterization for some classes of phenolic
compounds of virgin olive oils9, 14). Unfortunately, to date,
references about the capillary electrophoretic separation of
phenolic compounds of olive oil and their evolution with the
ripening degree are still scattered and incomplete, whereas

tives), secoiridoids (the aglycons of oleuropein and ligstroside several authors have reported HPLC and spectrophotometric

and their respective decarboxylated derivatives), and Iignans,swdie? about this_topig _(15__18)' S
(+)-pinoresinol and (+)-1-acetoxypinoresinol (1—4). In this work, the identification of extra virgin olive oil phenols

Many works in the literature determine the total phenolic WaS realized by spiking attempts or by interpretation of the
amount of olive oils by spectrophotometric analysis and HPLC-MS and UV spectra. A semiquantitative study of the
characterize their phenolic patterns by capillary gas chroma- Phenolic compounds was performed by capillary zone electro-
tography (CGC) 2—5) and, mainly, by reverse phase high- Phoresis (CZE), HPLC, and spectrophotometry. Moreover, the
performance liquid chromatography (RP-HPL@){13). Even scavenging activity and the oxidative stability of the extra virgin
if the characterization and quantification of phenolic compounds olive 0|'| samples were a§sayed. The evolution and the.trend of
from olive oils have been successfully carried out by HPLC, Phenolic compounds during the ripeness of the olive fruits were
this analytical technique needs accurate sample preparation anc@lso verified and discussed.
generally, is time-consuming due to the complexity of the  Thus, the main purpose of this work was to investigate if
matrix. Actually, in the worst case the whole HPLC analysis HPLC and, particularly, CZE could effectively give reliable
of olive oil's phenols requires up to 90 min. information about the tendency of the amount of phenolic

compounds in virgin olive oil during the ripeness of olives,

* Corresponding author (e-mail lorenzo.cerretani2@unibo.it; fax eSpe(?'a”y when the results_obtalned by these two an_alyt'cal

+39-0547-382348; telephone39-0547-338121). techniques are compared with usual spectrophotometric (total

The beneficial effect of the consumption of virgin olive oils
on human health is well-known and related to the characteristic
fatty acid composition, the presence of minor components, such
as squalene and phytosterols, and the antioxidant properties o
phenolic compounds (1—3). The most representative phenolic
compounds in extra virgin olive oils are simple phenols
(phenylethyl alcohol, such as tyrosol and hydroxytyrosol, and
other phenolic acids, namely, cinnamic or benzoic acid deriva-
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Table 1. HPLC/ESI-MSD Data (m/z lons) of Deacetoxy Oleuropein Aglycon and Lignans

phenolic compound ESI-MSD polarity ESI-MSD major fragment ions, m/z
deacetoxy oleuropein aglycon negative 639 [2M —H]~, 319 [M — H]~, 301 [M — H,0] , 249, 195, 163
(+)-pinoresinol positive 739 [2M + NaJ*, 427 [M + HCOOH + NaJ*, 397 [M + K]*, 381 [M + NaJ*, 359 [M + H]*,
341 [M — Hz0 + HJ*, 323 [M = 2H,0 + H]*
(+)-1-acetoxypinoresinol positive 463 [M + HCOOH + H]*, 455 [M + K]*, 439 [M + Na]*, 417 [M + H]*, 357 [M —

CH3COOH + HJ*, 233 [M — CH3COOH — phenylOCH; + HJ*

phenols by the FolirCiocalteu method and-diphenols) and Radical Scavenging Activity of Phenolic Extracts.The DPPH
antioxidant activity indices (scavenging property and oxidative radical scavenging activity of the extracts was evaluated following the
stability). Parejo et al. Z1) and Brand-Williams et al2@) analytical protocols,

The ability of CZE for the fast screening of the amount of Medified according to that of Rotondi et al.%).

virgin olive oil phenols belonging to different classes (simple Hligh-Performar;ce '-i(?“i,dh Chromatography A”a,||y5i5' HELCI ,
phenols, lignans, and secoiridoids) is also discussed. analyses were performed with an HP 1100 series (Agilent Technologies,
Palo Alto, CA), equipped with a binary pump delivery system, a

degasser, an autosampler, a diode array-W\é detector (DAD), and
MATERIALS AND METHODS a mass spectrometer detector (MSD). A C18 Luna columm525
cm x 3.00 mm i.d. (Phenomenex, Torrance, CA), with a C18 precolumn
(Phenomenex) filter was used. All solvents were of HPLC grade and
filtered through a 0.4m filter disk. The mobile phase flow rate was
0.5 mL/min. The wavelengths were set at 280 nm. The injection volume

all solvents were of pro analysis grade and from Merck (Darmstadt, was 10/"‘_' All of t_he analyses'were carr_ied out at room temperature_.
Germany). Sodium molybdate dihydrate was from Carlo Erba (Rodano The gradient elution was carried out using HPLC grade water/formic
Milano, Italy). NaCO; was from BDH AnalaR (Poole, U.K.). Folin " acid (99.5:0.5, v/v) as mobile phase A and HPLC grade acetonitrile as
Ciocalteu reagent was purchased from Merck. Sodium tetraborate andmOblle phase B of the solvgnt SVSte”." as described by ROtor.]dl et al.
water for HPCE were from Fluka (Buchs, Switzerland). (15). MS analysgs were carried QUt using an electrospray (ESD) |nte|fface
Extra Virgin Olive Oil Samples. Samples were extra virgin olive operf?\t_mg both n positive and in neg_atwe que using the fOIIOW'.ng
oils obtained from fruits ofOlea europaeal. (cv. Nostrana di cond|t|qns: drying gas flow, 9.0 I__/mm; nebulizer pressure, 35 psig;
Brisighella, cv. Peranzana, and cv. Ghiacciolo). Nostrana di Brisighella gas drying temperature, 35C; capillary voltage, 3000 V; fragmentor

olives were hand-picked at four different ripeness stages @Sober voltage, 60 V. The average was calculated by four replications for each

22, 2002; R%, November 7, 2002; RS November 19, 2002; RS sample and expressed as area in mAU. . o
December 3, 2002), based on the degree of skin and pulp pigmentation, P_henohc compounds were identified comparing retention times (py
and processed as reported by Rotondi etl&). (Lignans were collected spiking attempts) and UV and MS spectra of the detected peaks with

from fresh Ghiacciolo olives (Brisighella, Ravenna, Italy) because this those of commercial (tyrosol and vanillic acid) and synthesized
cv. is particularly rich in these compounds. compounds (hydroxytyrosol) when available. Deacetoxy oleuropein

aglycon (DAOA) and lignans (acetoxypinoresinol and pinoresinol) were
identified by analyzing and comparing their MS spectra with those
reported in the literature (see al$able 1).

Chemicals. Tyrosol, gallic acid, 3,4-dihydroxyphenylacetic acid,
vanillic acid, and diphenylpicrylhydrazyl (DPPH) were from Sigma
Chemicals Co. (St. Louis, MO). Hydroxytyrosol for qualitative analysis
was synthesized as previously descrit®d §). Unless otherwise stated,

Oxidative Stability of Oil Samples. The oxidative stability of the
samples was evaluated by the oxidative stability index (OSl), using an
eight-channel oxidative stability instrument (Omnion, Decatur, IL). The

instrumental conditions were set following the analytical protocol ~ Capillary Zone Electrophoresis Analysis. CZE analyses were
described by Jebe et allg). The OSI index (or OSI time) was performed with a Beckman P/ACE 5500 model equipped with a-UV
expressed in hours (& 4). vis diode array detector (Beckman Instruments, Inc., Fullerton, CA)
Liquid—Liquid Extraction of Phenolic Compounds from Olive according to the method of Bendini et a8)(The capillary cartridge
Oils. The extraction was performed following the Pirisi et al3) contained a fused silica capillary (@ i.d. x 375um o.d.), supplied
protocol, modified according to that of Rotondi et al5). Unless from Beckman. Total capillary length was 47 cm, whereas effective
otherwise stated, extractions were replicated three times §). The length was 40 cm. The running buffer was 45 mM sodium tetraborate
extracts were stored at18 °C before use. (pH 9.6), prepared by dissolving an appropriate amount of solid salt in
Solid—Liquid Extraction of Phenolic Compounds from Olive HPLC grade water. The buffer was sonicated and filtered through a

Fruits. Cv. Ghiacciolo olives were divided in three fractions, such as 0-2#M syringe filter. Samples were injected hydrodynamically in the
pulp, bark, and seed. Similarly to the extraction of the phenolic fraction anedic end at low-pressure mode (0.5 psi), for 3 s. Each electrophoretic
from oils, 10 mL ofn-hexane and 40 mL of 60:40 methanol/water funwas carried out at 27 kV with the capillary temperature maintained
(v/v) were added to 20 g of crushed bark, 20 g of mashed pulp, and 5 at 30°C, res_ulting in a_current_ofvllOyA. After each electrophoretic

g of ground seed. The mixture was stirred for 2 min by vortex, sonicated Un, the capillary was rinsed with HPCE grade water for 2 min; between
for 10 min, and, finally, centrifuged at 3000 rpm for 5 min. The e:?lch run the capillary Was_rlnsed at hl_gh pressure (20 psi) consecutively
hydroalcoholic phase was collected, and the hexane phase wasVith @ 0.1 M NaOH solution for 2 min and HPCE grade water for 2
re-extracted twice with 40 mL of 60:40 methanol/water (v/v). Finally, Min and then re-equilibrated with running buffer, for 2 min. All steps
the three fractions were combined and evaporated to dryness underf Washing were performed at 3€. The running buffer was changed
reduced pressure and low temperatur8% °C). Phenolic residues were after each run. UV detection was performed at 200 nm, rise time was
dissolved in 5 mL of 1:1 methanoliwater (v/v) and filtered through a Set at 0.17 s, and data rate was 10 Hz.

0.45um nylon filter for high-performance analysis. Phenolic compounds were identified by comparing retention times
Spectrophotometric Assays: Total Phenolic Compounds (TPCs)  (by spiking attempts) and UV spectra (séigure 3) of the detected
and o-Diphenols. The TPCs and-diphenols of the virgin olive oil peaks with those of commercial (tyrosol and vanillic acid), synthesized

extracts were determined using a bVis 1204 Shimadzu spectro-  (hydroxytyrosol), and HPLC-collected (acetoxypinoresinol) compounds.
phometer (Kyoto, Japan). TPCs amddiphenols were evaluated DAOA was identified to be the highest peak of the cv. Peranzana extract
according to the methods of Singleton et 80 and Mateos et al. (6),  (seeFigure 1) by comparing the UV spectra recorded by HPLC and
respectively. TPCs ang-diphenols were detected at 750 and 370 nm, CE (Figure 3E,l, respectively).

respectively, and quantified using gallic acid calibration curvés=( Statistical Analysis. The results reported in this study are the
0.996 and? = 0.998, respectively). Data were expressed as milligrams averages of at least three repetitions<{ 3), unless otherwise stated.

of gallic acid per kilogram of oil (= 3). Tukey’s honest significant difference (HSD) multiple comparison (one-
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Figure 1. HPLC chromatograms (A, detection at 280 nm) and CZE
electropherograms (B, detection at 200 nm) of the extracts from cv.
Peranzana (upper trace) and cv. Nostrana di Brisighella (lower trace) extra
virgin olive oils. The inset in panel B is the 1-10 min electrophoretic
separation showing peak 3 and IS. Peak identification: 1, hydroxytyrosol;
2, tyrosol; 3, vanillic acid; 4, deacetoxy oleuropein aglycon zone; 5, (+)-
pinoresinol; 6, (+)-1-acetoxypinoresinol; 1S, internal standard (3,4-
dihydroxyphenylacetic acid) added for graphical clarity. Other analytical
conditions are given under Materials and Methods.

4.5 MIN 5.0

way ANOVA) and Pearson'’s linear correlations, botipat 0.05, were

Bonoli et al.
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Figure 2. Structures of the phenolic compounds quantified in this work:
(1) hydroxytyrosol; (2) tyrosol; (3) vanillic acid; (4) deacetoxy oleuropein
aglycon (DAOA); (5) (+)-pinoresinal; (6) (+)-1-acetoxypinoresinol.

and vanillic acid, and identified as reported under Materials and
Methods. The cv. Peranzana oil extract showed a high concen-
tration of the secoiridoid derivative DAOA, whereas the cv.
Nostrana di Brisighella sample showed two lignans)-(
pinoresinol and-{)-1-acetoxypinoresinol. These phenolic com-
pounds were identified by HPLC-MSD by comparing the MS
spectra with those available in the literatude). Table 1lists

the major fragment ions (m/z) found by HPLC-MSD analysis
of the DAOA and lignans, as reported previoushg). Figure

2 shows the chemical structures of the detected compounds.

Figure 1B shows the cv. Peranzana and cv. Nostrana di
Brisighella phenolic profiles recorded by CZE. In this case, the
migration order of phenols, according to the different separation
principle, was different from the HPLC one. Tyrosol, hydroxy-
tyrosol, and vanillic acid were recognized in both extracts by
spiking attempts (as reported under Materials and Methods).
Similarly to the chromatographic analysis, DAOA was found
to be the highest peak of the Peranzana extract, and it was
particularly sharp and baseline-resolved from the other peaks,
as well as for the Nostrana di Brisighella extract. The DAOA
UV spectra recorded by HPLC and by CZE showed the same
profile, with a shoulder around 230 nm higher than that at 280
nm (seeFigure 3E,l, respectively).

To recognize lignans in the electropherograms)-{-
acetoxypinoresinol and (#pinoresinol were collected by HPLC
from the Nostrana di Brisighella extract and from the extract
of bark of cv. Ghiacciolo olive fruits, respectively. Actually,
(+)-pinoresinol was particularly abundant in the extract of bark
of olive fruits, whereas only a slight amount oft)-1-
acetoxypinoresinol was detected (data not shown). These two
lignans were not detected in extracts of seed and pulp, as
reported by other authorg4, 25). PanelsA andB of Figure

evaluated using Statistica 6.0 (2001, StatSoft, Tulsa, OK). Data were 3 represent the HPLC-UV spectra of J-pinoresinol and+)-
aIso_ar_1aIyzed by pnn_mpal components a_nd classification analysis (using 1-acetoxypinoresinol, respectively. The UV spectra exhibited
Statls_tlca 6.0) t_o evidence the correlatlon_ between the analyses .andtwo absorption maxima at around 230 and 280 nm, the latter
the C!n‘fer_ences in the samples. T_he analytical data were arranged in ab ina d he hvd h | The sh f UV
matrix with the rows corresponding to the samples (objects) and the eing due to t e_ Yy r(_)xyp enyl groups. e S ape§ 0
columns corresponding to the analytical indices (variables). spectra of (+)-pinoresinol and (+)-1-acetoxypinoresinol are
similar to those of hydroxytyrosolF{gure 3C) and tyrosol
(Figure 3D), respectively, where the 230/280 nm ratio of (+)-
1-acetoxypinoresinol and tyrosol is higher than those for the
Identification of Phenolic Compounds by HPLC-MSD and other two compounds, as reported by Brenes et7al. (
CZE-DAD. Figure 1A shows the HPLC phenolic composition After some spiking attempts, the-}-1-acetoxypinoresinol
of the cv. Peranzana and cv. Nostrana di Brisighella extra virgin was recognized in the Nostrana di Brisighella CZE electro-
olive oil extracts, recorded at 280 nm. In both samples three pherogram Figure 1B). Figure 3F shows the CZE-UV
simple phenols were detected, namely, tyrosol, hydroxytyrosol, spectrum of (+)-1-acetoxypinoresinol. Unfortunatelyt){

RESULTS AND DISCUSSION
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Figure 3. HPLC (210-600 nm range) and CZE (190—-400 nm range) on-line UV spectra of ( )-p|n0resmol (A, HPLC), ( )-l-acetoxypinoresinol (B,
HPLC; F, CZE), hydroxytyrosol (C, HPLC; H, CZE), tyrosol (D, HPLC; G, CZE), deacetoxy oleuropein aglycon (E, HPLC; I, CZE).
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pinoresinol, collected and confirmed by HPLC, showed a very probably (+)-pinoresinol migrated just before (+)-1-acetoxy-
low absorbance at the selected CZE conditions, probably duepinoresinol. Lignans were not detected by CZE in the cv.
to the lack of the acetate group or interactions occurring betweenPeranzana oil extract, as they were by HPLC.

this molecule and the running buffer; thus, the CZE-UV spectra  The shape of the CZE-UV spectrum of-)-1-acetoxy-
were highly disturbed and impossible to record. However, pinoresinol was similar to that of tyrosdFigure 3G), where



7030 J. Agric. Food Chem., Vol. 52, No. 23, 2004

50 mavu

RSy
RS ! s2 3 4 5'J1
o h e L\MA‘NM\\&'VJL\Y‘
6
5
MMW
6
RS;y | 52 3 Sﬁ . !
- S BT SR eV U SUNUIY WL WO
0 10 20 30 40 50 60 MIN 70
on.m AU 4 B \
T 1 » l |
Bl e 31
"1"2 ’“L ”U).\U/“‘ RSy |
A[N/ Jl"L\AJV L [ o IL j‘v» 3 IS
4 " . BSHLU‘“U‘ Y
6 ‘
L }\ K 4
‘ 34 r RSIIIM. J_,UJ.L\ 3 IS
2 i N RSy| ~ T
: A ¥ i
| i LL/J‘“.“‘J"I R ‘ IS
6 i i‘i‘:’,mjl ,Ui"‘-«,\ 3~ L
|_ 4 I} v 10 15 50 75 MIN 100
; oy
PRy WY YR
¢ 1
4 4
g“f\f\fzk_u'b MAJL\_//U} '\’Vﬂ‘-/‘ﬁ"“xxESIV

2.0 25 3.0 35 4.0 4.5 MIN 5.0

Figure 4. HPLC chromatograms (A, detection at 280 nm) and CZE
electropherograms (B, detection at 200 nm) of the extracts from cv.
Nostrana di Brisighella extra virgin olive oils at four ripeness stages
(RS)—). The inset in panel B is the 1-10 min electrophoretic separation
showing peak 3 and IS. Peak identification: 1, hydroxytyrosol; 2, tyrosol;
3, vanillic acid; 4, deacetoxy oleuropein aglycon zone; 5, (+)-pinoresinol;
6, (+)-1-acetoxypinoresinol; IS, internal standard (3,4-dihydroxyphenylacetic
acid) added for graphical clarity. Other analytical conditions are given

under Materials and Methods.

the 230/280 nm ratio was higher than that of hydroxytyrosol
(Figure 3H). On the other hand, the CZE shape of the UV
spectrum of {)-pinoresinol should be similar to that of
hydroxytyrosol, where the 230/280 nm ratio was lower than
that of ()-1-acetoxypinoresinol and tyrosol, as recorded by
HPLC-UV. Anyway, CE behavior of)-pinoresinol needs to

be thoroughly investigated in further studies.

Bonoli et al.

Quantification of Phenolic Compounds by HPLC and
CZE in the Cv. Nostrana di Brisighella Extracts at Different
Ripening Stages. Figure 4eports the HPLCA) and the CZE
(B) separations of the Nostrana di Brisighella samples, obtained
by processing olive fruits at different ripeness stages{(Rp
To evaluate the amount of the phenolic compounds (tyrosol,
hydroxytyrosol, and vanillic acid as simple phenols, DAOA as
secoiridoid derivative, andH)-1-acetoxypinoresinol as lignan),

a quantification based on peak areas was arranged. Unfortu-
nately, a direct quantification by means of calibration curves
was not possible because most of the compounds identified were
not commercially available.

Table 2 shows the trend of total phenols (TPs, expressed as
peak areas) of the Nostrana di Brisighella samples, by both
capillary electrophoresis and liquid chromatography.

The highest amount of simple phenols (sum of tyrosol,
hydroxytyrosol, and vanillic acid peak areas) was found at the
second harvest time sampR8|. This result might be explained
by the increase of hydrolytic enzymatic activity during maturity
of olives. A positive Pearson’s correlation was found between
CZE and HPLC determination of simple phenot3skea =
0.920,p < 0.0001). The amount of secoiridoids (expressed as
deacetoxy oleuropein aglycon peak area) decreased with ripen-
ing. A positive Pearson’s correlation was found between CZE
and HPLC determination of the DAOAZxrea = 0.783,p <
0.003). The contents of lignans [expressed -&§{-acetoxy-
pinoresinol peak area] in the oils at the four ripeness stages
were not significantly differentp( < 0.05), confirming their
stability during the ripening time, reported by other authd@rs (
10). As Table 2 shows, the amount of total phenols (TPs,
expressed as the sum of these three classes of compounds)
decreased with the maturity of olives, as reported in the literature
(15—18, 26). The positive Pearson'’s correlation found between
the TPs-CZE and TPs-HPLQ?rea = 0.845,p < 0.001)
confirmed the good agreement in the quantification of the main
phenolic compounds of olive oil achieved by the two techniques.

Thus, both HPLC and CZE analyses of olive oil samples
showed that the amount of secoiridoids (DAOA) decreased with
the olive’s ripening degree (sdeéigure 4A,B), whereas the
concentration of simple phenols (phenylethyl alcohols and
phenolic acids) and lignansi{-1-acetoxypinoresinol] remained
quite similar during the ripening period considered, similar to
that previously reported by Rotondi et al5).

Statistical Correlation among Quantification by HPLC
and CZE, Spectrophotometric Assays, and Antioxidant
Activity of the Nostrana di Brisighella Extracts. Table 2
shows the spectrophotometric indices and the antioxidant activity
results of the Nostrana di Brisighella samples at four ripening
stages.

Table 2. Spectrophotometric Indices, Antioxidant Activity, Oxidative Stability, and High-Performance Analysis Quantification (Based on Peak Area,
CZE at 200 nm, and HPLC at 280 nm) of the Nostrana di Brisighella Samples at Four Ripening Stages (RS;-)?

RS| RS” RSH| RS|V
harvest date Oct 22, 2002 Nov 7, 2002 Nov 19, 2002 Dec 3, 2002
OSl time 47.1+£0.3a 43.1+0.5b 38.4+0.8¢c 35.3+0.1d
TPCs 4414 +£29.1a 379.5+18.3b 277.4 + 14.6¢ 209.6 +22.4d
o-diphenols 2122+ 14.1a 228.1 +£8.5a 153.5 +10.2b 1275+ 11.9¢c
ARP 4,02 3.99 2.44 2.05
TPs-HPLC 6364.1 £ 739.0a 6322.7 £ 726.0a 4976.4 + 268.5ab 4263.1 + 30.6b
TPs-CZE 77379.3 £ 4588.2a 76671.7 £ 7285.0ab 62314.3 £ 6423.8bc 53000.3 £+ 3019.3¢c

20SlI time in hours; TPCs (total phenolic compounds using the Folin—Ciocalteu reagent) in mg of gallic acid/kg of oil; o-diphenols in mg of gallic acid/kg of oil; ARP
expressed as 1/ECs (15); TPs-HPLC (total phenols by HPLC quantification) in mAU (peak area); TPs-CZE (total phenols by CZE quantification) in AU (peak area). Different

letters in the same row indicate significant differences (p < 0.05).
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Table 3. Factorial Coordinates of the Variables Based on the Loadings plot (PC 1 vs. PC 2)

Statistical Correlations?

OSI(;ti\me
PC1 PC 2 0.25

0Sl time -0.958 0.278 N
TPCs -0.969 0.185 TRCs .
o-diphenols -0.945 -0.185 | S
ARP -0.989 -0.003 ;’ : ™~
TPs-HPLC -0.933 -0.231 ; S
TPs-CZE -0.926 -0.057 ] e

@PC, principal component; OSI time value; TPCs, total phenolic compounds
using the Folin—Ciocalteu reagent; o-diphenols using spectrophotometric method; 0.00 T
ARP, antiradical power; TPs-HPLC, total phenols by HPLC quantification; TPs- TPs-CZE . ) =
CZE, total phenols by CZE quantification. Lo //

Similarly to that reported by the HPLC and the CZE 7 / .
quantifications of total phenols, the spectrophotometric indices o-d';phe):ef(/ //
(TPCs by the Folin—Ciocalteu reagent aadliphenols), the ¢ :
radical scavenging activity (measured by the DPPH test), and
the oxidative stability (OSI) decreased with the ripeness stage :
of olives, as reported by several authot§{18,26). 10 05 0.0

Interesting positive Pearson’s correlation between TPCs and
TPs-HPLC (2area = 0.888,p < 0.0001), between-diphenols
and TPs-HPLC rarea = 0.872,p < 0.0001), between OSI
and TPs-HPLC@area = 0.834,p < 0.001), and between ARP
and TPs-HPLC @rea = 0.901,p < 0.0001) were found.
Similarly, positive Pearson’s correlation between TPCs and TPs-
CZE (%area = 0.846,p < 0.001), betweem-diphenols and
TPs-CZE (Parea = 0.841,p < 0.001), between OSI and TPs-
CZE (Parea = 0.871,p < 0.0001), and between ARP and TPs-
CZE (rParea = 0.900, p < 0.0001) were also recorded,
indicating that both high-performance analytical techniques can
satisfactorily explain the tendency of phenolic compounds of
olive oil during the ripeness observed by the spectrophotometric
indices and the evaluation of antioxidant activity.

Positive Pearson’s correlation between spectrophotometric
indices and evaluation of antioxidant activity were also found:
TPCs and-diphenolsi2 = 0.879,p < 0.0001), TPCs and OSI
(r? = 0.967,p < 0.0001), TPCs and ARP{r= 0.940,p <
0.0001), o-diphenols and OS|I’% = 0.853,p < 0.0001), ABBREVIATIONS USED
o-diphenols and ARPr{ = 0.962,p < 0.0001), and OSI and
ARP (r2 = 0.944,p < 0.0001).

The correlations recorded could be explained by the contribu-
tion of the phenolic compounds to the antioxidant activity and
the oxidative stability of the extra virgin olive oilLB, 27).

Principal component analysis (PCA) revealed that the dif-
ferent analytic_al ipc_iices (variables) provide similar ipformation ACKNOWLEDGMENT
because the individual vectors have the same direction and
similar intensity with respect to principal component 1 (PC 1) We gratefully thank IBIMET-CNR and Dr. Annalisa Rotondi
as Table 3 shows. Noticeably, the first two discriminant for the kind collaboration and donation of the Nostrana di
functions of the statistical analysis explain 94.3% of the total Brisighella and Ghiacciolo samples.
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