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Hydrophilic phenols are the most abundant natural antioxidants of virgin olive oil (VOO), in which
tocopherols and carotenes are also present. The prevalent classes of hydrophilic phenols found in
VOO are phenyl alcohols, phenolic acids, secoiridoids such as the dialdehydic form of decarboxymethyl
elenolic acid linked to (3,4-dihydroxyphenyl)ethanol or (p-hydroxyphenyl)ethanol (3,4-DHPEA-EDA
or p-HPEA-EDA) and an isomer of the oleuropein aglycon (3,4-DHPEA-EA), lignans such as (+)-1-
acetoxypinoresinol and (+)-pinoresinol, and flavonoids. A new method for the analysis of VOO
hydrophilic phenols by direct injection in high-performance liquid chromatography (HPLC) with the
use of a fluorescence detector (FLD) has been proposed and compared with the traditional liquid—
liquid extraction technique followed by the HPLC analysis utilizing a diode array detector (DAD) and
a FLD. Results show that the most important classes of phenolic compounds occurring in VOO can
be evaluated using HPLC direct injection. The efficiency of the new method, as compared to the
liquid—liquid extraction, was higher to quantify phenyl alcohols, lignans, and 3,4-DHPEA-EA and
lower for the evaluation of 3,4-DHPEA-EDA and p-HPEA-EDA.
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INTRODUCTION During the last 15 years, many papers on the evaluation of
Virgin olive oil (VOO) contains different classes of phenolic YOO phenolics by high-performance liquid chromatography

compounds such as phenolic acids, phenolic alcohols, hydroxy-(HPLC) have been published (@1, 17-22). The main
isochromans, secoiridoids, lignans, and flavonoids that affect differences among the developed methods can be summarized
its sensory and healthy properties. The phenolic acids, phenolic!" the separation procedure of phenols from the oily matrix and
alcohols that include the (3,4-dihydroxyphenyl)ethanol (3,4- the detector choice for the HPLC evaluation. _

DHPEA or hydroxytyrosol) andphydroxyphenyl)ethanol (p- Concerning the extraction process, two main techniques are
HPEA or tyrosol), hydroxy-isochromans, and flavonoitlsare reported in the Ilte_rature: I|qutd||qg|d extraction (LLE) &, 6,
present in small amounts in VO@+4) while secoiridoids and ~ 17,19—22) and solid-phase extraction (SPE3(27). Recently,
lignans are the most concentrated phenolic compounds of thisthe use ofN,N-dimethylformamide (DMF) in LLE has been
oil. The most abundant secoiridoids of VOO are the dialdehydic Proposed by Brenes et al. to reduce the sample manipulation
form of decarboxymethy! elenolic acid linked to (3,4-dihydroxy- and, at the same time, to improve the recovery efficieridy (
phenyl)ethanol orghydroxyphenyl)ethanol (3,4-DHPEA-EDA o o )

or p-HPEA-EDA) and an isomer of the oleuropein aglycon (3,4- As regards the qualitative and quantitative evaluation of VOO
DHPEA-EA) (5—11). Oleuropeini), oleuropein and ligstro- phenols, many papers were pub_llshed on the use of HPLC
side aglycons, and their dialdehydic fornisl(13) were also ~ coupled to ultraviolet (UV) detection (@1, 19—22,25, 26,
detected. Flavonoids such as luteolin and apigenin were also28); however, electrochemical (EC) and fluorescence detectors
reported as phenolic components of VOO by Rovellini et al. (FLDS) were also proposed (122, 23, 27). Between the UV
(14). The last group of phenols found in VOO are the lignans; detectors, the diode array (DAD) is the most used, also for
Owen et al. (1115) and Brenes et al. (187), in fact, have routine analysis, due to the possibility of this detector to obtain
recently isolated and characterize){L-acetoxypinoresinol and ~ ©nline the UV spectra, which can be very useful to identify the

(+)-pinoresinol as the most concentrated lignans in Italian and SPecific substances of the phenolic compounds separated by the
Spanish VOOs, respectively. HPLC column (6,22). This aspect is particularly important in

the analytical evaluation of VOO phenols due to the difficulty

*To whom correspondence should be addressed. ¥8p 075 5857942, Of finding appropriate standards available in commerce. Only
Fax: +39 075 5857916. E-mail: servimau@unipg.it. the phenolic acids can be found as commercial standards; on
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the contrary, secoiridoid derivatives and lignans could be Spherisorb ODS-1 250 mm 4.6 mm columns with a particle size of
preventively extracted from the oil using semipreparative 5um (Phase Separation Ltd., Deeside, United Kingdom). The injected
columns. The use of an EC detector has been proposed for thes@mple volumes for both VOO methanolic extracts and VOO Dls were
fist time by Mannino et al.Z3) to evaluate simple phenols of 20 uL. ] )

VOO. Tsimidou et al. (22) compared an UV detector, DAD The two columns were operated with the same mobile phase that
and EC detector and concluded that the EC detector could b3S composed of 0.2% acetic acid (pH 3.1) in water (solvent

S . A)/methanol (solvent B) at a flow rate of 1.5 mL/min when the
very useful to evaluate phenols occurring in minor amounts due ChromSep Inertsil ODS-3 column was used and 1 mL/min when the

to the high sensibility of the EC detector in comparison to the gpperisorh ODS-1 was utilized: for both columns, the gradient changed
UV detector and the DAD. Recently, Brenes et &r) have as follows: 95% A/5% B for 2 min, 75% A/25% B in 8 min, 60%
proposed a rapid analytical methodology for determining phenols A/40% B in 10 min, 50% A/50% B in 16 min, and 0% A/100% B in
concentration in VOO based on coupling the use of DMF in 14 min; this composition was maintained for 10 min, then returned to

LLE and EC detector in HPLC analysis. initial conditions and equilibration in 13 min; the total running time
The utilization of fluorometric detection in the analysis of Wwas 73 min.
phenolic acids of VOO was proposed by Cartoni et aB)( The wavelength used for the detection with DAD was 278 nm;

Brenes et al. compared the EC, UV, and FLD and gas instead, the FLD was operated at an excitation wavelength set at 280

chromatography with mass spectrometer (GC-MS) in the nm and emissions at 313, 339, 353, and 453 nm. The photomultiplier

luati f | oh i ds of VOO and (PMT) gain of the FLD was set to eight for the oil extract analysis and
évaluation or several phenolic compounds 0 anad con- 1, 13 for DI to increase its sensitivity. The acquisition of chromato-

cluded that the FLD was very interesting in the evaluation of g apnic data was done during 60 min from the beginning of the analysis.
lignans for the routine analysis of VOO phenols because they ~ giagistical Analysis. For comparing results obtained and to test
considered it easier to utilize this detector in comparison with for significative differences between the two detectors and between
GC-MS to discriminate (+)-pinoresinol and (+)-1-acetoxy- the two methods, thetest was employed using SigmaStat software v.
pinoresinol (27). 2.0.

In this paper, a new method for evaluating the hydrophilic
phenols of VOO, based on the direct injection (DI) in HPLC RESULTS AND DISCUSSION
with the use of a FLD, has been proposed and compared with
the traditional LLE. A comparison between fluorescence and
DADs has also been reported.

Columns and Detectors Comparisons.Two stationary
phases were tested on the effectiveness of peak separations of
VOO phenols present in the phenolic extr&ggure 1, reporting
the HPLC chromatograms of standard compounds and a VOO
MATERIALS AND METHODS phenolic extract, obtained from cv. Canino VOO, obtained using

VOOs. VOO samples from lItaly, Spain, Israel, Egypt, Argentina, DAD, shows a different efficiency in the peak separation
and Chile were collected. The Italians oils were extracted by centrifuga- operated by the two columns. In particular, as indicated in the
tion using a decanter Rapanelli model 400 ECO/G, at a low level of HPLC chromatogram relative to the standard compounds, the
water addition, from the following cultivars: Coratina, Frantoio, Canino, ODS-3 column shows a poor resolution of the peaks corre-
Leccino, Moraiolo, and Cornicabra. sponding tqp-HPEA-EDA and ¢)-pinoresinol and, at the same

Solvents and Reference Compoundsgor LLE and HPLC analyses, time, splits the peaks corresponding to 3,4-DHPEA-EDA,
the solvents methyl alg:ohoh,—hexane, acetonitrile, and acetone_, all of p-HPEA-EDA, and 3,4-DHPEA-EA. The peak splitting ob-
HPLC grade, and glacial acetic acid were used and were obtained fromserved for these compounds may be due to the methanolic

Carlo Erba (Milan, Italy). Water of both analytical and HPLC grade . : o
was obtained by using purification units. The dialdehydic form of addition to the aldehydic groups, occurring in these substances,

elenolic acid linked to 3,4-DHPEA qr-HPEA (3,4-DHPEA-EDAand @S highlighted in a previous paper (8). The results related to
p-HPEA-EDA, respectively), the isomer of oleuropein aglycon (3,4- the methanolic extract confirm the lower efficiency of ODS-3
DHPEA-EA), (+)-1-acetoxypinoresinol, and (+)-pinoresinol were in the separation gf-HPEA-EDA and {-)-pinoresinol, which,
extracted from VOO and separated by semipreparative HPLC accordingin this case, are nearly completely overlapped. However, this
to the procedure reported previously (8). The nuclear magnetic column shows a higher selectivity in the region where the peaks
resonance (NMR) data of 3,4-DHPEA-EDB;HPEA-EDA, and 3,4-  elute corresponding to 3,4-DHPEA-EDA apdHPEA-EDA,
DHPEA-EA were consistent with those reported by Montedoro ed al. thys permitting a better resolution of the different forms of
(8), while the NMR data relative tok)-1-acetoxypinoresinol anek)- oleuropein and ligstroside aglycons found by Rovellini et al.
pinoresinol were in accordance with those obtained by Owen et al. (13). The ODS-1 column, on the contrary, shows a better
(15). The 3,4-(dihydroxyphenyl)ethanol (3,4-DHPEA) was obtained separation of the peaks correspondingiblPEA-EDA, (+)-

from Cabru S.p.A. (Milan, Italy), ang-HPEA was purchased from . . . :
Fluka (Milan, Italy). 1-acetoxypinoresinol, and (+)-pinoresinol that now are nearly

Sample Preparations and HPLC AnalysisLLE ProcessThe LLE completely separated. In addition, comparing the behavior of
was performed according to Montedoro et &). Before injection in the two columns, an inversion of the elution order of the two
HPLC, the phenolic extract was solubilized with 1 mL of methanol lignans is also observed.
and filtered through a polyvinylidene fluoride (PVDF) syringe filter Even modifying the mobile phase composition, the results
(0.2um). obtained with ODS-3, particularly in the region wherelPEA-

DI of VOO. For DI of VOO, 2 g of oil waglissolved in 10 mL of EDA and lignans elute, the peak separations are not enhanced
acetone and then this solution was filtered through a PVDF syringe (data not shown). Concerning the phenolic alcohols, the results
filter (0.2 pm). _ obtained using standard solutions and a VOO methanolic extract

Reversed Phase HPLC Analysishe HPLC analysis was conducted show a similar selectivity of the two columns.

with an Agilent Technologies system model 1100 composed of a .
vacuum degasser, a quaternary pump, an autosampler, a thermostated In terms of detector comparison between DAD and FLD,

column compartment, a DAD, and a FLD. The analysis of the oil extract '€Sults reported ifrigure 2, which exhibits the chromatograms
was performed using the following procedure. corresponding to the standard solution and the VOO methanolic
The C18 columns used were a ChromSep Inertsil ODS-3 250 mm extract from cv. Moraiolo, using the ODS-1 stationary phase,
x 4.6 mm column with a particle size of:Bn with a ChromSep guard ~ prove that the FLD has a higher height of peaks corresponding
column 100 mmx 3.0 mm (Varian Inc., Walnut Creek, CA) and a  to the phenyl alcohols, lignans, and 3,4-DHPEA-EA, while a
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Figure 1. HPLC chromatograms of standards compounds (A) and VOO methanolic extract of cv. Canino (B) obtained using the ODS-3 and ODS-1
stationary phases and recorded with DAD at 278 nm. Peak numbers: 1, 3,4-DHPEA; 2, p-HPEA; 3, 3,4-DHPEA-EDA; 4, p-HPEA-EDA; 5, (+)-1-
acetoxypinoresinol; 6, (+)-pinoresinol; and 7, 3,4-DHPEA-EA [3' and 4' structures identified by Rovellini et al. (14)].
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Figure 2. HPLC chromatograms of standards compounds (A) and VOO methanolic extract of cv. Moraiolo (B) recorded with DAD at 278 nm and FLD
set at ex = 280 nm and em = 339 nm. For peak numbers, refer to Figure 1.

lower detector response was observed for 3,4-DHPEA-EDA and planarity of the molecules, gives, as a consequence, a reduced

p-HPEA-EDA. This behavior is due to the chemical structures fluorescence intensity.
of the last two compounds that contain a dialdehydic group in  The multiemission mode was applied in the fluorimetric
the open elenolic acid ring. This structure, producing a minor evaluation. In fact, as shown Figure 3, reporting the HPLC
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Figure 3. HPLC chromatograms of standards compounds (A) and VOO methanolic extract of cv. Coratina (B) using FLD set at ex = 280 nm and
em = 313, 339, and 353 nm. For peak numbers, refer to Figure 1.

chromatograms obtained at three different emission wavelengthsTable 1. Linearity and Detection Limits Determined with DAD and FLD
of standard solution and VOO phenolic extract, from cv. with Reference Compounds?

Coratina, using the ODS-1 column, the different optimal _ , QL (ughg)
conditions found for the qualitative and quantitative analysis concentration R —_—
of the phenyl alcohols, secoiridoid derivatives, and lignans were compound range (mgll)  (FLD) DAD LD
different. In particular, while the excitation wavelength was fixed ~ 3:4-DHPEA (i) 0.3-30 0.997 350 85
at 280 nm for all of the compounds, the emission wavelength g'HPEA 0 ) 0.6-53 0.997 315 100
4-DHPEA-EDA (i) 20-1100 0998 1000 3500
was set t-O 313nm fOp-HPEA-EDA, 339 nm for the-()-l- p-HPEA-EDA (ii) 5-600 0.998 1100 850
acetoxypinoresinol andH)-pinoresinol, and 353 nm for 3,4- (+)-1-acethoxypinoresinol (iii) 5-700 0.997 200 40
DHPEA, p-HPEA, 3,4-DHPEA-EDA, and 3,4-DHPEA-EA.  (+)-pinoresinol (ii) 5-700 0998 250 150
3,4-DHPEA-EA (i) 20-800 0998 1800 600

Concerning the phenolic acids, such as vanillic prabumaric
acids, which have not been evaluated in the present work, their
quantitation can always be made with an excitation of 280 nm
and with the emission set at 353 nm for the former and 453 nm
for the latter.

A preliminary comparative quantitative study to evaluate the  The quantitative analysis, obtained using the two detectors
detector responses was made by using the Spherisorb ODS-1ith the Spherisorb ODS-1 column, of the VOO methanolic
stationary phase and constructing calibration curves with extracts from various Italian cultivars is reportedTiable 2.
standard compounds to both verify the linearity of response of The concentrations measured with the FLD and DAD put in
FLD and to determine the quantitation limits (QLs) of DAD evidence low differences but are statistically significant for
and FLD, considering a signal-to-noise ratio of 10 according several compounds that include phenyl alcohols, oleuropein, and
to the ACS convention. The result @able 1 points out the ligstroside derivatives such as 3,4-DHPEA-EDA, 3,4-DHPEA-
good linearity of FLD in the range of concentrations greater EA, andp-HPEA-EDA. On the contrary, the quantification of
than those used to evaluate phenolic concentration in VOO and lignans shows a different behavior; in fact, mainly the concen-
at the same time, shows very low QLs of the FLD, confirming trations of the {)-pinoresinol measured with the FLD are very
the higher sensibility of this detector with respect to DAD. high in comparison to the DAD values. The use of the ODS-3

@ The phenolic composition was determined with DAD at 278 nm and with FLD
at different wavelengths: (i) ex = 280 nm and em = 353nm; (ii) ex = 280 nm
and em = 313 nm; and (jii) ex = 280 nm and em = 339 nm.
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Table 2. Phenolic Compounds Concentration in VOO: Comparison between DAD and FLD Evaluated on the Methanolic Extract (mg/kg) Using the
ODS-1 Column@

cultivar
Coratina Canino Moraiolo
compound DAD FLD DAD FLD DAD FLD
3,4-DHPEA (i) 40(0.1) a 43(0.1)a 1.1(0.05) a 1.3(0.03)b 15(0.02) a 1.5(0.004) a
p -HPEA (i) 58(0.1)a 6.3(0.04)b 2.6(0.01)a 2.7(0.02)b 2.2(0.004) a 25(0.1)b
3,4-DHPEA-EDA (i) 230.2(1.5)a 216.4(2.8) b 1112 (0.4) a 105.0 (1.4) b 285.1(0.7) a 273.0(4.4) b
p-HPEA-EDA (ii) 72.1(0.2) a 80.0 (2.9)b 36.2(0.04) a 39.1(0.1)b 93.2(0.2) a 109.7 (0.4) b
(+)-1-acethoxypinoresinol (iii) 13.7(0.03) a 22.6(0.2)b 20(0.1)a 2.9(0.02) b 8.3(0.01)a 11.5(0.2)b
(+)-pinoresinol (iii) 7.0(0.01)a 34.1(0.3)b 52(0.1)a 27.4(0.1)b 27.4(0.03) a 239(0.2)b
3,4-DHPEA-EA (i) 221.7(0.5) a 2238(3.6)a 81.2(0.1)a 86.2(0.3)b 139.4(0.7) a 1411(0.1) a

@ Results are mean values of three replicates; numbers in parentheses represent + standard deviations. Values in each row relative to the two detectors for each cultivar
bearing the same superscripts are not significantly (P < 0.01) different from one another. For compound name'’s superscripts, see Table 1.

column gave similar results, with the exception mHPEA- LU LLE 5
EDA and (+)-pinoresinol (data not shown). However, the 297

differences of the values determined with the two detectors are
not constant and they are lower in cv. Moraiolo and higher in
cv. Coratina, pointing out that the genetic origin of VOO could ] 2 8
affect them. An HPLC analysis performed on refined olive oil,

to show the potential matrix effect that may interfere with the 601
detector response, did not show any interference in the

chromatographic region where the phenolic compounds studied “1 7

in this work elute. The potential effect ef-tocopherol in the 201 3

FLD response was also evaluated, but this compound, with the ! 4

chromatographic conditions chosen for the hydrophilic phenols  ¢1

analysis, elutes at a retention time of 55.5 min and consequently ° 10 20 30 0 30 win

far away from the lignans chromatographic region. These results,
which need further investigation, utilizing different columns,
may be related to the occurrence, in the chromatogram region
where the lignans elute, of unknown compounds overlapped
with (+)-pinoresinol that should have a great fluorescence 4
intensity and a low UV absorbance.

Comparison between LLE and DI. Figure 4 shows a 30
comparison between the HPLC chromatograms of phenolic
compounds of VOO from cv. Frantoio, obtained using the 2
ODS-1 column, and FLD relative to LLE and DI methods.
Results show a very similar peak distribution and separation "
efficiency between LLE and DI, indicating that the introduction _J
of the oil directly into the column does not modify its o m = o = —
performanc_e_anql does_ not shorte_n its natural life. However, Figure 4. HPLC chromatograms of VOO, cv. Frantoio, obtained by
when t_he oil'is d_|r§c_tly |_njected, It Is necessary to runa blank LLE methanolic extract and DI using FLD signal set at ex = 280 nm and
analysis every six injections to perform a better cleanlng of the o = 339 nm. For peak numbers, refer to Figure 1.
column so as to maintain their performances and avoid peak
broadening. To estimate the precision of the new method, the taple 3. Repeatability (Intraday and Interday) Expressed as CV of the
repeatability has been determined to establish the intraday andanalyses of the Phenolic Compounds Present in a VOO Determined
interday variability measuring the coefficient of variation (CV) with the Two Methods Using FLD2
of each compound by injecting six times the same oil and

LU

¥l

repeating the same operations 2 days consecutively using FLD. LLECV bIcy

The CV values reported iffable 3 show very good intraday compound intraday interday intraday interday
variability (all below or equal to 1%) and have been found for  34-DHPEA (i) 0.7 0.9 0.7 1.0
phenyl alcohols, lignans, and 3,4-DHPEA-EA; good CV values p-HPEA () _ 0.8 2.9 0.8 2.8
for 3,4-DHPEA-EDA andp-HPEA-EDA (better than 3%) have 31‘:{-35%-535\ ) ;‘71 ;g ;g ég
been found. Tr_le_ interday variability was more unfav_orable, f+)_l_ace[hoxypin0resinol (i) 08 17 06 19
however, remaining below 2.9% for all compounds with the  (4).pinoresinol (i) 06 05 05 05
exception of p-HPEA-EDA. Another important observation  3,4-DHPEA-EA (j) 1.0 2.4 0.9 2.3

arising fromTable 3is that the intraday and interday variability
are almost the same for LLE and DI, denoting that the oily ~ #For compound name’s superscripts, see Table 1.

matrix does not interfere with analysis. Analyses of VOO by

DI were also performed using the ODS-3 column, and the results The quantitative results reported ifiable 4, obtained

do not put in evidence qualitative differences with LLE, comparing the two methods using the same fluorimetric detector
confirming the possibility of utilization of this column even for and the same ODS-1 column, show that the DI provides higher
DI (data not shown). values for the most important phenolic compound in comparison
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Table 4. Phenolic Compounds (mg/kg) Evaluation in VOO: Comparison between LLE and DI Using FLD?

cultivar
Cornicabra Leccino Frantoio
compound LLE DI LLE DI LLE DI
3,4-DHPEA (i) 11.9(0.01) a 19.0 (0.3) b 19(0.9)a 28(0.1)a 0.3(0.02) a 0.4 (0.05) a
p-HPEA (i) 8.8(0.02) a 18.1(0.1) b 6.9 (0.02) a 7.2(0.02) b 10.1(0.2)a 11.7(0.03) b
3,4-DHPEA-EDA (i) 86.2(0.3) a 1142 (21)b 1843 (4.8)a 196.1(0.03) b 1365 (2.1) a 158.1(3.7)b
p-HPEA-EDA (i) 50.8(0.2) a 796 (1.2)b 58.2(15)a 94.0(0.2)b 78.2(0.6) a 82.8(0.3)b
(+)-1-acethoxypinoresinol (iii) 2.6(0.3)a 49(0.2)b 342(0.2)a 728 (1.7)b 56.3(0.4) a 58.1(0.1)b
(+)-pinoresinol (iii) 33.9(0.5)a 745(0.4) b 36.1(0.3)a 53.2(0.4) b 54.4(0.4) a 55.1(0.1)b
3,4-DHPEA-EA (i) 117.7(04)a 215.8(0.8) b 185.8 (0.8) a 204.2(0.9) b 98.3(0.3) a 121.3(1.6) b

2The phenolic content is the mean value of four independent experiments; numbers i
two methods for each cultivar bearing the same superscripts are not significantly (P < 0.

Table 5. QLs of the Phenolic Compounds Evaluated on VOO by LLE
and DI with FLD (ug/kg)?

compound LLE QL DI QL
3,4-DHPEA (i) 9 100
p-HPEA (i) 12 150
3,4-DHPEA-EDA (i) 550 4000
p-HPEA-EDA (i) 300 2500
(+)-1-acethoxypinoresinol (i) 5 50
(+)-pinoresinol (iii) 16 200
3,4-DHPEA-EA (j) 300 2900

2 For compound name’s superscripts, see Table 1.

with the LLE. The highest differences were observed for cvs.
Cornicabra and Leccino, mainly for the secoiridoids derivatives
and the lignans. As observed by Brenes et arI)( comparing
two LLE methods, performed using methanol/water (80/20%
vlv), according to Montedoro et ab), and DMF, the extraction
procedures produce a partial and selective recovery of VOO
phenolic compounds; this aspect is due to the different polarities,
structures, and molecular weights of the various classes of VOO
phenols. In addition, phenols can be partially oxidized during
sample preparation. All of these aspects can explain the
differences between the LLE and the DI of oil in the VOO
phenols evaluation.

The QLs of the phenolic compounds obtained using LLE and
DI employing for both cases FLD have been determined, always
considering a signal-to-noise ratio of 10 according to the ACS
convention. Results summarized Tiable 5 show a very low
QL with both LLE and DI methods for several compounds such
as lignans, 3,4-DHPEA, angtHPEA,; the detection limits for
secoiridoids were higher but in any case much lower than the
concentrations generally found in VOOs. This is an important
result that confirms the potentiality of the DI for the VOO
hydrophilic phenols evaluation.

Conclusion. This is the first time that an HPLC DI analysis
has been proposed to evaluate VOO hydrophilic phenols. The
use of DI, involving very low sample manipulation, reduces
the risk of artifacts, overcoming the problems related to the
extraction, and, consequently, can be proposed to obtain good
results in a shorter time. The linearity of response and the
sensibility of FLD used for the DI analysis are very good and
permit the phenolic compound evaluation in VOO.

Comparing DAD and FLD, some differences have been
observed in the quantitation mainly fot)-pinoresinol, which
can probably be due to the coelution of unknown substances
present in different amounts in VOO depending on the cultivar.
Work is in progress to study this specific aspect.

n parentheses represent + standard deviation. Values in each row relative to the
01) different from one another. For compound name’s superscripts, see Table 1.

ABBREVIATIONS USED

HPLC, high-performance liquid chromatography; VOO,
virgin olive oil; 3,4-DHPEA-EDA, dialdehydic form of decar-
boxymethyl elenolic acid linked to (3,4-dihydroxyphenyl)-
ethanol; 3,4-DHPEA-EA, isomer of the oleuropein aglycon;
p-HPEA-EDA, dialdehydic form of decarboxymethyl elenolic
acid linked to p-hydroxyphenyl)ethanol; DAD, diode array
detector; 3,4-DHPEA, (3,4-dihydroxyphenyl)ethansHPEA,
(p-hydroxyphenyl)ethanol; LLE, liquigtliquid extraction; SPE,
solid-phase extraction; DMFIN,N-dimethylformamide; UV,
ultraviolet; EC, electrochemical; GC-MS, gas chromatography
with mass spectrometer; FLD, fluorescence detector; NMR,
nuclear magnetic resonance; PVDF, polyvinylidene fluoride;
PMT, photomultiplier; QL, quantitation limit; DI, direct injec-
tion.
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