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Rapid Quantification of the Phenolic Fraction of Spanish
Virgin Olive Oils by Capillary Electrophoresis with UV Detection
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A rapid and reliable capillary zone electrophoresis method was used as a tool to obtain both qualitative
and quantitative information about simple phenols, lignans, complex phenols (isomeric forms of
secoiridoids), phenolic acids, and flavonoids in the solid-phase separation extracts from different
Spanish extra-virgin olive oil in a short time (less than 6 min). Peak identification was done by using
commercial and HPLC-isolated standards, studying the information of the electropherograms obtained
at several wavelengths and also using the information previously reported. For the quantification of
lignans and complex phenols (secoiridoid derivatives), we used a reference compound (oleuropein
glucoside) at two different wavelengths (200 and 240 nm) and for the quantification of tyrosol and
flavonoids, we used their commercially available standards.

KEYWORDS: Polyphenols; quantification; capillary zone electrophoresis; olive oil; flavonoids; secoiri-
doids; SPE

INTRODUCTION (HPLC) analysis coupled to different detection systefts 11)

The traditional Mediterranean diet is characterized by an anpl gas chromatographyd, 11). Both .Of _the_m hgve obtalne_d
reliable results, but they show some limitations: the long time

abundance of plant foods (fruits, vegetables, cereals, Iegumes)necessary for the analysis and the partial separation in cases

n éVP'Ch oolllve oilis theirlnuzal_squrclg of f.?t' id ich where components have a complex structure (such as secoiridoid
Ives (f eateurlopa?. .)gm tv'rglfﬂ OIIVE Of Ip(rjow € at”C id compounds) for HPLC and the problem dealing with the sample
source of natural antioxidants. These include carotenoids, 4o ivatization for GC.

tqcopherols, and_ phenalic compo_unds, which may act, b_y On the other hand, capillary electrophoresis (CE) has proven
different mechanisms, as an effective defense against reactivg pa a4 fast valid. and reliable tool for food analysi& (13)
species (1). . . . Itis a powerful technique that affords rapid and high-resolution
The content of phenolic compounds is an important factor geparations (¥8-10° theoretical plates) while requiring only
to be considered when evaluating the quality of virgin olive o\ microliters of sample. Futhermore, a wide range of com-
oil (2), since members of this family of compounds have pounds are amenable to separations by CE.
potent a_ntioxidant_ _activity_ and_ cont_ribute _significantly to the In particular, this technique has recently been used for the
ex’graorqllnary stablllty of olive oil against OX|dat|oB_)(SeveraI analysis of phenolic compounds of extra-virgin olive difi-
epidemiological studies have shown that phenolic compounds 1), olive mill wastewater (22), and alperujo (23)
afford considerable protection against cancer (skin, breast, and2 Ir,1 almost all the mentioned’papers that study -the phenolic
colon), coronary heartdiseas_e, and aging by inhibiting oxidative compounds present in extracts of extra-virgin olive oil the
stress (4-6). AI.SC.)’ phenO|I.C. compqunds are related to the detection system was UV14—17,19, 21), only one of them
sensory and .nutrltlonal quahtues of virgin olive On_{—g)' ., used MS as detection syste®). The electrophoretic conditions
Therefore, it would be very interesting to have a simple, rapid, ¢, the methods which use UV detection are not drastically
and reliable method in order to quantify these compounds. yiterent regarding the experimental and instrumental variables.
Traditionally, separation and determination of individual phe- 1 aver the differences can be found when the extraction
nolic compounds in the extracts obtained from olive oil have system u’sed and the families under study are observed.
been carried out by high-performance liquid chromatography Phenolic acids have been the family of interest in three of

these research work& 71—19); in the othersl4—16,20, 21),

95; ﬁgg%s EtO W_fll_Om CorreSpondenceAsgogld belgdgf$ssedi FH%“F G the aim of the authors was to study the complete polyphenolic
: Univers'ity-rgslérgﬂzlcei%era@ugr'es( -S.-C.) or albertof@ugr-es (AF-G.). fa tion of thg olive oil, attempting to determine several families
* University of Bologna. of phenols simultaneously.
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Bendini et al. {4—16) identified several important com- arbequina, and cornicabra (January 2005). An organic olive oil was
pounds of the polyphenolic fraction in virgin olive oil samples obtained in the supermarket, where we also acquired two types of picual
(tyrosol, hyodroxytyrosol, lignans, and decarboxylated oleu- ©live oil ['suave” (mild) and "intenso” (strong flavor)]. _
ropein zone) by using a fast electrophoretic method. Then, in a Skoléd-Phr?sehExtrlacnon (SPE) Procledurianthre;IJar?non of Oil

; : e Spiked with Phenolic Extract. To isolate the phenolic fraction, we
ublished paper by our grouRX), the number of identified . - . .
Eompoundg ir? an e%ectroghorftixg profile of an extract of virgin used SPE with DSC-Diol cartridges; the SPE protocol was carried out

i il d usi dards obtained b . . with the extraction conditions and amounts of oil that are described in
olive oil increased using standards obtained by semipreparative, ocent paper of our research group (21).

HPLC, although the analysis time in this case was long. Electrophoretic Procedure. CE separation was carried out on a
Recently, the characterization of the polar extracts of olive fused silica capillary (5¢m i.d., 375um o.d., total length 47 cm; a
oil has been improved a bit more by using a recent method thatdetection window was created at 40 cm from the capillary inlet, by
is able to determine 20 compounds belonging to simple phenols,removing the polyimide coating and using a cartridge with a slide
lignans, complex phenols (isomeric forms of secoiridoids), phe- of 100 x 200 um). Every time a new capillary was used it was
nolic acids, and flavonoids in the solid-phase separation extractsPreconditioned by rinsing with 0.5 M NaOH for 20 min, followed by
from extra-virgin olive oil in a short time (about 6 min) (24). ab min rinse with Milli-Q water and_lS m|n_W|th buffer. For the

So, the aim of this work was to demonstrate the usefulnessfonowmg analyses the capillary was rinsed with 0.1 M NaOH for 2

. . ~“min, followed by a 2-min flush with Milli-Q water to ensure good
of the latter method24) to compare several Spanish extra-virgin repeatability. The capillary was equilibrated with the running buffer

olive oil samples by carrying out the quantitation (individually 45 mm sodium tetraborate adjusted to pH 9.3) for 3 min before each
and in groups taking into account the different categories of sample injection. After each analysis, the capillary tubing was rinsed
phenolic compounds) of 14 phenolic compounds belonging to for 2 min with Milli-Q water. All solutions and samples were filtered
simple and complex phenols, lignans, and flavonoids. Using through a 0.25¢m syringe filter. The running buffer was changed after
multivariate statistics, we also tried to distinguish the oils under four runs.
study taking into account their phenolic content. Samples were injected hydrodynamically in the anodic end in low-
pressure mode (0.5 psi)rf@ s (1 psi =6895 Pa). Electrophoretic
MATERIALS AND METHODS separati_ons_were performed at 28 kV for 10 min, and the temperature
was maintained at 22C.

Apparatus. The CE instrument used was a Beckman 5500 capillary UV detection was performed in all cases at 200, 240, 280, and 340
electrophoresis connected to a diode-array detector (belonging to thenm, although diode-array detection was used over the range of6l#0
University of Granada). The system comprises-@0 kV high-voltage nm to collect spectral data. The quantification of the phenolic com-
built in power supply. pounds determined in this study was carried out at 200 and 240 nm,

All capillaries (fused silica) used were obtained from Beckman but the detection at four wavelengths and the complete spectral informa-
instrument, Inc. (Fullerton, CA) and had an inner diameter (i.d.) of 50 tion were used to facilitate the identification of all the analyt24)(
um, a total length of 47 cm, and an effective separation length of 40  Peak areas and migration velocity (cm/min) were used for the
cm. The temperature was controlled using a fluorocarbon-based coolingquantification of the analytes versus oleuropein glucoside in some cases
fluid. Data acquisition and processing were carried out with GOLD (complex phenols and lignans), and peak areas were used for the
software (Beckman instrument Inc.) installed on a personal computer. quantification of tyrosol, luteolin, and apigenin versus the corresponding

To carry out the reproducibility studies, the CE instrument used was commercial standards.

a Beckman 5500 capillary electrophoresis connected to a diode-array The electropherogram obtained for an extract of extra-virgin olive
detector (belonging to the University of Bologna) and the capillaries oil of picual variety at optimized conditions is presentedrigure 1.
(fused silica) used were obtained from Composite Metal Services Statistical Analysis. The results reported in this study are the
(Worcester, England) and had the same inner diameter and length asaverages of at least three repetitions 3), unless otherwise stated.
those described above. Tukey'’s honest significant difference (HSD) multiple comparison (one-

Reagents, Stock Solutions, and Reference Compound2:(4- way ANOVA) and Pearson’s linear correlations, botipat 0.05, were
Hydroxyphenyl)ethanol (tyrosol (TY)) was acquired from Fluka (Buchs, evaluated using Statistica 6.0 (2001, StatSoft, Tulsa, OK). Data were
Swiss) and oleuropein (oleuropein glucoside) was obtained from also analyzed by multivariate exploratory techniques, in particular, factor
Extrasynthése (Genay, France). The stock solution containing these twoanalysis and principal components and classification analysis (using
analytes was prepared in methanol/water (50/50, v/v) at a concentrationStatistica 6.0) to evidence the correlation between the analyses and
of 500 ug/mL in the case of tyrosol and 80Q@/mL for oleuropein the differences in the samples. The analytical data were arranged in a
glucoside. Tyrosol was used for the quantification of this compound matrix with the rows corresponding to the samples (objects) and the
present in the extracts of olive oil, and oleuropein glucoside was used columns corresponding to the analytical indices (variables).
to make the calibration curves for the quantification of lignans and
complex phenols. RESULTS AND DISCUSSION

The flavonoids luteolin and apigenin were obtained from Extra- . .
synthése and all the analytes were used as received. The standards of Analytical Parameters of the Method ProposedWe carried

luteolin and apigenin were used for the quantification of these two OUt & study to check the repeatability and reproducibility of

compounds in olive oil; the stock solution containing them was prepared the proposed method, as well as to establish the calibration

in methanol/water (50:50, v/v) at a concentration of 280mL in the curves to quantify the compounds under study and calculate

case of luteolin and 108g/mL for apigenin. the detection, quantification limit, and precision [as relative
Sodium hydroxide was purchased from Merck (Darmstadt, Ger- standard deviation (RSD) of the intermediate concentration value

many); sodium tetraborate (borax) was obtained from Sigma-Aldrich of [inear range] of the method.

(St. Louis, MO) and was used as running buffer at different concentra-  Repeatability and Reproducibility Study. For carrying out

tions and pHs. _ this study extracts from the same extra-virgin olive oil (picual
Methanol, acetonitrile, and-hexane were acquired from Panreac variety) were prepared

(Montcada | Reixac, Barcelona, Spain) and were HPLC grade. . . . .

Repeatability was studied by performing a series of separa-

Doubly deionized water with a conductivity of 18.2 M was . . L
obtained by using a Milli-Q system (Millipore, Bedford, MA). tions using the optimized method on one of the samples on the

DSC-Diol solid-phase separation cartridges were obtained from Same day (intraday precisiom=12) and on three consecutive
Supelco (Bellefonte, PA). days (interday precisiom = 36). The relative standard devia-

Samples.Spanish extra-virgin olive-oil samples were obtained from tions (RSDs) of peak areas/migration time and migration times
a unique variety of olive fruit called picual, hojiblanca, lechin de Sevilla, were determined considering five of the compounds present in
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Figure 1. CZE of extra-virgin olive oil (picual variety) sample under optimized conditions. Detection was performed at 200 nm. Peak identification
numbers: 1, Lig Agl (a); 2, TY; 3, Pin; 4, Ac Pin; 5, Ol Agl (a) + DOA (a); 6, DOA (b); 7, Lig Agl (b); 8, Ol Agl (b); 9, EA (a); 10, OI Agl (c) + Lig Agl
(c) + DOA (c) + EA (b,c); 11, HYTY; 12, DOA (d) + EA (d); 13, EA (e); 14, trans-cinnamic acid; 15, 4-hydroxyphenylacetic acid; 16, sinapinic acid; 17,
gentisic acid; 18, o-coumaric acid; 19, luteolin; and 20, apigenin. *Peaks overlapped. The letters (a), (b), (c), (d), and (e) are used to distinguish the
different isomeric forms of secoiridoids.

Table 1. RSD Values of the Peak Area and Migration Time Obtained external standard methodology (with oleuropein glucoside) was
in the Study of Repeatability and Reproducibility used for the quantification of lignans and complex phenols (as
- there are no commercially available standards of these com-
repeatability pounds).
intraday (n=12)  interday (n=36)  reproducibility (n = 20) Using this methodology, time-corrected area counts are
peakarea/ ~  peakarea/  peakarea/ necessary for quantitative CE. Since separation is dependent
L A o I L I o on analytes migrating at different rates, the separated analytes
yrosol o3 048 299 089 29 ™ will pass th?\ deteca[or atfdlgferent rates. Tlm((aj-cr?rrectled. ar;aa
(+)-pinoresinol 126 0.49 987 0.82 303 0.95 counts are the product of the area counts and the velocity for
DOA 2.03 0.62 3.25 091 3.35 125 each peak in the electropherogram.
4-HFA 132 051 232 0.81 245 0.87 ipati ; ;
uteoln P 0oL I el 503 i Thus, peak areas and migration velocity (cm/min) were used

to calculate the time-corrected area counts to compensate the
differences in migration velocities among oleuropein glucoside,

the extracts [tyrosol A)-pinoresinol, decarboxylated oleuropein  lignans, and complex phenols.
aglycon (peak b), 4-hydroxyphenylacetic acid, and luteolin]. Lig Agl (a), Pin, Ac Pin, Ol Agl (a)+ DOA (a), DOA (b),
All the data obtained in this study are summarized &ble Lig Agl (b), Ol Agl (b), EA (a), and DOA (d)}+ EA (d) were
1. Both the intraday and the interday repeatabilities calculated quantified with the data obtained for the calibration curve of
on the migration time for these five analytes (expressed as RSD)oleuropein obtained at 200 nm. However, for the quantification
and the intraday and interday repeatability values on the total of Ol Agl (c) + Lig Agl (c) + DOA (c) + EA (b+c) and Lig
peak area/migration time (expressed as RSD) were acceptableAgl (d) + Ol Agl (d) + EA (e) the curve of oleuropein at 240
The reproducibility was studied by performing 20 separations hm was used. Although oleuropein aglycon [peak ¢ and other
of another extract, under the same conditions but with a different secoiridoid forms overlapped, Lig Agl (¢} EA (b + c)] and
operator, different capillary, and different CE instrument hydroxytyrosol have the same retention time (overlap), it was
(belonging to the University of Bologna). The results obtained possible to calculate (approximately) the concentration of
for the migration times and for the total peak area/migration Secoiridoids with this migration timetig = 4.07 min) in the
time (expressed as RSD) considering the five analytes previouslyvirgin olive oil extracts using the curve of calibration of
mentioned were satisfactory. oleuropein at 240 nm, since hydroxytyrosol has a minimum of
Calibration Curves. Standard calibration graphs for lignans ~absorbance at this wavelength (approximately) (24).
and complex phenols were prepared using oleuropein (oleu- Tyrosol was quantified using the calibration curve of its
ropein glucoside) at two wavelengths (200 and 240 nm). An commercial standard at 200 nm, and flavonoids were quantified
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Table 2. Analytical Parameters of Proposed Method

RSD? (%) detection limit quantification limit calibration range
analyte (intermediate value) («g/mL) («g/mL) (ug/mL) calibration equations 7
tyrosol? 253 0.836 2.787 2.787-500 y=1.88-10"%+1.37-107° 0.994
oleuropein glucoside® 221 2.085 6.950 6.950-6500 y=1-10"%%+1-10~* 0.996
A =200 nm
oleuropein glucoside® 2.01 0.104 0.348 0.348-6500 y=2-10"%+9-10~* 0.997
A=200nm
oleuropein glucoside® 4.93 4.170 13.901 13.901-2000 y=1510"5x+6-10"6 0.998
A =240 nm
oleuropein glucoside® 1.73 0.348 1.158 1.158-2000 y=16-10"5x—2-10~* 0.995
A=240nm
luteolin® 3.06 0.355 1.183 1.183-200 y=15.88-10"%+5.67-107° 0.992
apigenin® 2.23 0.311 1.037 1.037-200 y=16.7-10"5x +4.8-107° 0.995

aRSD: relative standard deviation. LD = 3ay/b (0, = 6.95 x 1078, calculated using 100 data); LQ = 1001/b. Data obtained using the software Microcal Origin, Microcal
Software, Inc. ?y = bx + a, where y is the peak area (AU), x is the concentration (ug/mL), a is the y intercept, and 2 is the correlation coefficient. ¢y = bx + a, where
y is the [time corrected area counts = peak area (AU) x migration velocity (cm/min)].

using the calibration curves obtained at 200 nm for commercial Table 3. Recovery (%) of Phenolic Compounds (Flavonoids and
standards of luteolin and apigenin respectively. Peak areas were>€coiridoids) Isolated by Solid-Phase Extraction from Reference
used for the quantification of these three compounds versus the>Unflower Oil Samples (n = 3)

corresponding commercial standards. method 12 Spb method 2¢ )
The determination of the phenolic acids in olive oil has been -
' flavonoids
carried out by other research groups and by our own grbép ( luteolin 89.34 243 89,56 299
19) (for this reason we do not show the data corresponding to  apigenin 91.01 1.98 9212 245
the calibration curves and quantification results for this family .
L . . A . . secairidoids
of compounds). However, it is the first time in which flavonoids Lig Agl (a)¢ 71.80 257 72.07 166
(luteolin and apigenin) and several secoiridoid compounds from  of Agl (a) + DOA (a)? 72.34 1.45 72.45 156
olive oil are identified and quantified using capillary zone Ol Agl (b)? 87.41 2.31 88.54 2.00
electrophoresis (CZE). We have also obtained the quantification EA(a)° 65.67 167 66.99 3.01
EA (d) + DOA (d)e 93.33 3.12 93.66 2.48

in terms of families of phenolic compounds (simple phenols,
complex phenals, lignans, and flavonoids) present in olive oil.

The detectlpn', quantlflcgtlon “mlt.’ and precision .(as relative 2 Refined sunflower oil spiked with 1 mL of extract of virgin olive oil phenols.
stan_dard deviation Of_ the intermediate concentration Value_ of b'SD = standard deviation ¢ Refined sunflower oil spiked with 0.5 mL of extract
the linear range) of this method were calculated for the studied q yigin olive oil phenols. ¢ Calculated using the information at 200 and 240 nm.
analytes using the method proposed by Cui&)( Three e Calculated using the information at 200 nm. / Calculated using the information at
replicates of each analyte at different concentrations were done40 nm.
in order to set up the calibration.

All calibration curves showed good linearity in the studied grams are not exactly the same, in order to show each
range of concentrations. The calibration plots indicate good electrophrogram at its maximum of absorbance and see with
correlation between peak areas and analyte concentrations irclarity and ease all the peaks. The quantitative results are
the case of tyrosol and flavonoids, and between time-correctedpresented irTable 4.
area counts and analyte concentrations for the secoiridoids and TY was found in the range of 678111457.0ug of analyte/
lignans; regression coefficients were higher than 0.994 for kg of olive oil in this study, although for lechin de Sevilla it
tyrosol and oleuropein (at the two wavelengths), and were higherwas possible to see the highest peak of this compound.
than 0.992 for luteolin and apigenin. All the features of the  (+)-1-Acetoxypinoresinol was very abundant in arbequina
proposed method are summarizedTiable 2. and hojiblanca oils, while in the picual variety and commercial

Recovery of Secoiridoid Compounds and FlavonoidsAs oils its quantity was low. In terms ofK)-pinoresinol, picual
far as the recoveries of these compounds are concerned usingind cornicabra were the richest varieties.
solid-phase extraction, it is important to explain that we have  As far as the amount of complex phenols is concerned, it is
used the protocol described by Gémez-Caravaca € H), énd important to highlight that Lig Agl (peak a) was abundant in
we have spiked a refined sunflower oil with an exactly specified cornicabra and lechin de Sevilla olive oils, while Lig Agl (peak
dose of a phenolic extract previously obtained. The results areb) was found at high concentrations in the commercial and
summarized irfrable 3. cornicabra oils. In terms of Ol Agl (cj DOA (a), cornicabra

Analysis of Several Extra-Virgin Olive Oil Samples. was the richest with twice the amount of these compounds as
Extracts of eight extra-virgin olive oils were analized. Five of in organic, picual suave, arbequina, and hojiblanca oils. This
them were of monovarietal extra-virgin olive oils: picual, oil was the richest in terms of DOA (b) as well; however one
hojiblanca, lechin de Sevilla, arbequina, and cornicabra (Januaryof the commercial olive oils (picual intenso) and the oil obtained
2005). An organic olive oil and two types of picual olive oil  from olives of picual variety had the highest quantities of DOA
(“suave” and “intenso”) were acquired from a supermarket. All (d) + EA (d). Ol Agl (b) was not found in all the olive oils
samples were injected in the CE instrument seven times{h analized and EA (a) were in the range of 266728521.5ug

Using the described SPE system and CZE method, all the of analyte/kg of olive oil.
virgin olive oils were analyzed. The polyphenolic profiles are Keeping in mind the two compounds which are quantified at
shown inFigure 2. The absorbance scales in the electrophero- 240 nm [(Ol Agl (c)+ Lig Agl (c) + DOA (c) + EA (b,c) and

EA (d)f 92.43 243 92.12 112




7988 J. Agric. Food Chem., Vol. 54, No. 21, 2006 Carrasco-Pancorbo et al

-] 10%,11

(a) (b)

H

Absorbance (AU)
Absorbance (AU)
-

Time (min) * ‘" Time (min)

104,11

(©) d)

g

10%.11

L2
5o

Absorbance (AU)
Absorbance (AU)

Time (min)

=
2

10,11 02

2 2
8 8
gw .§ ot 2
z :

12+

5+

on

-

2 s ‘ s [ 2 3
Time (min) Time (min)

on

-

Figure 2. CZE electropherograms of phenolic fraction extracted from extra-virgin olive oil samples by solid-phase extraction: (a) picual, (b) hojiblanca,
(c) lechin de Sevilla, (d) arbequina, (e) cornicabra, and (f) organic oil. For identification of the compounds, see Figure 1. Detection was performed at
200 nm. The absorbance scales (AU) in the electropherograms are different (Instrumental and experimental parameters as in Figure 1).

EA(e) + Lig Agl (d) + OI Agl (d)], they were significantly characteristics of bitterness, pungency, and astringef)cylie
more abundant in cornicabra, lechin de Sevilla, and picual intensity of the bitterness of virgin olive oil has been related to

intenso, which had very similar quantities. the presence of phenolic compounds derived from the hydrolysis
Flavonoids were found in the range of 6578698.9ug of of the oleuropein. It is known that oleuropein is the major bitter
analyte/kg of olive oil for the luteolin, and 365-:2203.8ug compound found in olives; however, it is not found at significant

of analyte/kg of olive oil for the apigenin. In hojiblanca extra- concentrations in olive oils, but oleuropein aglycon and isomers
virgin olive oil, the quantity of apigenin was greater than that of oleuropein are. In several papers it has been concluded that
of luteolin. the greater the intensity of bitterness for an olive oil, the greater
Considering the families of phenolic compounds that are the content of dialdehydic and aldehydic forms of decarboxy-
present in olive oil and doing the quantification in terms of methyl oleuropein aglycon and the dialdehydic form of decar-
simple phenols, lignans, complex phenols, and flavonoids, the boxymethyl ligstroside aglycon (26, 27).
results are those which are shownTiable 5. We have observed that the quantities found in picual suave
In our opinion, it is also interesting to observe in detail the and intenso are very similar in terms of simple phenols (TY).
differences between picual suave and intenso. As mentionedLignans were present in a bigger quantity in picual suave.
before, polyphenols are an important functional minor compo- However, in our opinion the most valuable information can be
nents of virgin olive oils that are responsible for the key sensory obtained by taking into account the concentrations of the
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Table 4. Results (ug of analyte/kg of olive oil) of the Analysis of Real Samples; Quantification of the Individual Components (n = 7) (+SD)

analyte? picual hojiblanca  lechin de Sevilla  arbequina  cornicabra  organic oil  picual suave  picual intenso
Lig Agl (a)° 26200.8 11946.8 41286.9 22691.6 44434.4 24102.5 15311.3 23632.2
+786.8 +298.6 +1238.6 +907.6 +1692.7 +990.6 +566.5 +562.1
TY? 9492.2 7278.4 11457.0 7726.1 6781.0 9417.5 8148.8 8173.8
+ 456.6 + 3485 +3734 +191.6 +128.1 +2779 +300.7 +404.6
Pin¢ 81105 3027.2 2289.9 4944.9 6223.3 1372.8 2111.3 473.7
+324.4 +75.7 +45.8 +199.8 +242.9 +38.9 +65.1 +22.6
Ac Pin¢ 299.2 11972.6 2630.7 15694.3 3504.9 4855 370.1 335.2
+14.0 +359.2 +92.1 +627.8 +136.3 +26.1 +6.7 +16.0
Ol Agl (a) + DOA (a)° 313906  20949.2 25349.9 17149.8 45604.1 20074.5 17887.8 29477.3
+1176.2 £7332 +1069.7 +524.9 +1582.5 +850.3 +7345 +1146.7
DOA (b)¢ 19089.9 25638.9 42233.2 26547.9 80246.1 29111.7 15151.1 39762.7
+572.7 +1261.9 +11234 +7534 +2383.3 +753.9 +424.1 +1500.6
Lig Agl (b)© 4496.5 5086.0 5566.3 2706.2 7400.3 6548.8 6767.1 7443.9
+89.9 +203.4 +192.0 +121.3 +273.1 +218.3 +163.2 +322.0
Ol Agl (b)¢ 5540.8 1675.7 1718.5 783.7 ndf 5143.4 1670.6 2486.9
+110.8 +67.0 +79.0 +31.3 +231.4 +44.3 +71.0
EA(a)° 205215  5464.3 6545.4 5541.6 6236.5 2607.3 5155.5 13726.5
+820.8 +56.6 +327.3 +257.7 +217.0 +495 +219.9 +508.6
Ol Agl (c) + Lig Agl (c) + DOA (c) + EA(b,c)d ~ 87397.1 1324075 207546.4 1189846 2651772 1176715 96880.7 204555.5
+32959  +£5296.3 +10149.0 +2260.7 +73415 +4585.6 +2718.3 +4394.6
DOA (d) + EA (d)° 170739  9182.6 7430.8 5612.3 17691.2 4944.9 8532.0 16189.70
+3415 +367.3 +2214 +2245 +577.6 +107.7 +315.64 +634.6
EA (e) + Lig Agl (d) + Ol Agl (d)¢ 57821.7 88259.6 233478.9 89602.4 208604.3 137049.7 145426.5 246587.7
+20237 35304 +9689.3 +4659.3 +6953.5 +5402.9 +2668.4 +9343.2
Lute 5255.8 657.9 7598.9 2454.8 22135 699.9 5123.4 4879.0
+223.8 +311 +187.5 +88.0 +776 +236 +156.7 +1235
Apigf 879.0 2203.8 897.7 1256.3 365.8 609.9 765.7 658.0
+438 +109.5 +347 +46.8 +12.0 +19.9 +333 +30.8

aTY, tyrosol; Pin, (+)-pinoresinol; Ac Pin, 1-(+)-acetoxypinoresinol; DOA, decarboxylated oleuropein aglycon; Lig Agl, ligstroside aglycon; Ol Agl, oleuropein aglycon; EA,
elenolic acid; Lut, luteolin; Apig, apigenin. © Quantified with a calibration curve of tyrosol at A = 200 nm. ¢ Quantified with a calibration curve of oleuropein glucoside at 4
= 200 nm (time corrected area counts vs concentration). ¢ Quantified with a calibration curve of oleuropein glucoside at 2 = 240 nm (time corrected area counts vs
concentration). € Quantified with a calibration curve of Iuteolin at 2 = 200 nm. ’Quantified with a calibration curve of apigenin at A = 200 nm. 9nd: not detected.

Table 5. Results (mg of analyte/kg of olive oil) of the Analysis of Extra-Virgin Olive Oil Samples; Quantification in Terms of Families of Phenolic
Compounds (n = 7) (xSD)

family of compounds? picual hojiblanca lechin de Sevilla arbequina cornicabra organic oil picual suave picual intenso

simple phenols 9.49+0.39 7.28+0.28 1146 £0.44 7.73+£0.25 6.78 £0.12 9.42+0.31 8.15+0.19 8.17+0.31
complex phenols (A) 12431 +£3.03  799.43+35.64  130.13+4.15 81.03+256 201.61+5.01 92.53 +4.57 7048 £3.15 132.72+4.21
complex phenols (B) 14522 +4.21  220.77 +6.29 441.03+11.21  208.59+555 473.78+10.09 254.72+6.21 24231+512 451.14+18.04
lignans 8.41+0.42 15.00+0.28 4.92+0.13 20.64 +0.30 9.73+0.23 1.86+0.11 2.48 +£0.04 0.81+0.03
flavonoids 6.27£0.29 3.16£0.12 8.61£0.38 4.05+0.11 2.63+£0.09 1.39+0.05 5.99+0.28 5.62+0.20

@ Simple phenols = tyrosol (quantified with a calibration curve of tyrosol at A = 200 nm). Complex Phenols = (A) secoiridoid forms quantified with the calibration curve
of oleuropein glucoside at 4 = 200 nm; (B) secoiridoid forms quantified with the calibration curve of oleuropein glucoside at A = 240 nm. Lignans = 1-(+)-acetoxypinoresinol
+ (+)-pinoresinol (quantified with a calibration curve of oleuropein glucoside at A = 200 nm). Flavonoids = luteolin + apigenin (quantified with a calibration curve of luteolin
at A = 200 nm).

secoiridoid compounds. When we express the results using thein these two virgin olive oils were very similar. The differences
quantification in terms of families of phenolic compounds, picual between these two commercial olive oils can be seen clearly in
intenso is richer than picual suave in complex phenols (both Tables 4and5.

those complex phenols quantified with the calibration curve of It is possible to say that, in general, the results obtained by
oleuropein glucoside &t = 200 nm and those quantified with  this method are in good agreement with those previously re-
the calibration curve of oleuropein glucosidelat 240 nm). ported obtained by using other techniques28—31), although
Regarding individual secoiridoid compounds, in all the cases the comparison can often be hard because the results are not
the concentrations of these compounds present in picual intensa@xpressed in identical units (in terms of the same reference
were greater than those of the picual suave. These results demstandard).

onstrate the essential role played by the compounds mentioned Statistical Analysis. To evaluate the possibility of differen-
before in the bitter taste of virgin olive oil. As far as the flavo- tiating the samples, taking into account the phenolic compounds
noids luteolin and apigenin are concerned, the quantities foundidentified and quantified by this electrophoretic method, we
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Figure 3. Score plot for the two principal components: picual, P1; hojiblanca, H; lechin de Sevilla, LS; arbequina, A; cornicabra, C; organic oil, O; picual
suave, PS; picual intenso, PI.

chose a multivariate statistical approach. This statistical analysis,CE joined to statistical analysis permits the discrimination
applied to a limited number of samples, did not have the pur- among different olive oils. In our opinion, to carry out a wider
pose of distinguishing monovarietal olive oils obtained from study taking into account the phenolic composition of olive oils
different cultivars but to check the discrimination capacity obtained from the main varieties of Spanish, Italian, and Greek
achieved by using the electrophoretic variables considered; thatolives would be really interesting. This topic will be the next
means our aim was to prove that we could differentiate the step in our research. The relative standard deviations (RSD)
samples considering the phenolic fraction quantified by CE. All obtained in the study of repeatability were lower than 0.91%
the phenolic compounds quantified were considered to identify for the migration times and 2.32% for the peak areas/migration
the two principal factors. Five variables [Ac Pin, DOA (b), Lig time (intraday study).

Agl (a), Ol Agl (a) + DOA (a), Ol Agl (b)] that had factor

loading higher than 0.7 (evaluated by factors extraction test)

were selected for the PCA and the explained variance was higherA BBREVIATIONS USED

than 80%. o TY, tyrosol; Pin, ¢)-pinoresinol; Ac Pin, 1-¢)-acetoxypino-
A map of samples (score plot) for the two principal com- resinol; DOA, decarboxylated oleuropein aglycon; Lig Agl,
ponents is shown ifigure 3. Extra-virgin olive oils made from ligstroside aglycon; Ol Agl, oleuropein aglycon; EA, elenolic

cornicabra olives are quite different from the others, since theseacid; HYTY, hydroxytyrosol; Apig, apigenin; and Lut, luteolin.
samples lie far from those olive oils obtained from olives of
other cultivars or those commercial olive oil samples. This fact
can be explained by taking into account the amount of Ol Agl
(@) + DOA (a) and DOA (b) present in the cornicabra extra- (1) Morello, J. R.; Vuorela, S.; Romero, M. P.; Motilva, M. J.;

LITERATURE CITED

virgin olive oils under study. Picual intenso and lechin de Sevilla Heinonen, M. Antioxidant activity of olive pulp and olive oil
contain high concentrations of Ol Agl (&) DOA (a) and DOA phenolic compounds of the Arbequina cultivar.Agric. Food
(b) as well, but not as high as cornicabra olive oil; thus, they Chem.2005,53, 2002—2008.

can be found in the third section of the plot. (2) Servili, M.; Montedoro, G. Contribution of phenolic compounds

the score plot shown (in the first section or quadrant) because : ?302{'?13' Gonzal . R C- 3 del Valle. C.- J

of their high Ac Pin content. Picual, picual suave, and the (%) Gutiérrez Gonzalez-Quijano, R. C.; Janer del Valle, C.; Janer

organic olive oil are located in the fourth section. Picual and del Valle, M. L.; Gutiérrez Rosales, F.; Vazquez Roncero, A.
. . . . ’ . Relationship between polyphenol content and the quality and

organic olive oil have a similar Ol Agl (b) content, and picual stability of virgin olive oil. Grasas Aceite4977,28, 101—106.

suave is situated in this fourth quadrant very nearXhaxis (4) Owen, R. W.; Giacosa, A.; Hull, W. E.; Haubner, R.; Wurtele,

because of its low content of DOA (b), Lig Agl (a), and Ol Agl G.; Spiegelhalder, B.; Bartsch, H. Olive-oil consumption and

(@) + DOA (a). health: The possible role of antioxidantsancet Oncol 2000,

It is important to highlight the discriminant capacity of the 1, 107-112.
function of the selected variables to distinguish the samples (5) Owen, R. W.; Giacosa, A.; Hull, W. E.; Haubner, R.; Spiegel-
under study. halder, B.; Bartsch, H. The antioxidant/anticancer potential of

phenolic compounds isolated from olive dur. J. Cance200Q
36, 1235—1247.

(6) Warhrburg, U.; Kratz, M.; Cullen, P. Mediterranean diet, olive
oil and healthEur. J. Lipid Sci. TechnoR002,104, 675—698.

(7) Andrewes, P.; Busch, J. L. H. C.; de Joode, T.; Groenewegen,

This is the first time in which an electrophoretic method
was demonstrated to have the ability to detect and quantify
simultaneously members of five different families of phenolic
compounds present in olive oil. Its usefulness has been

demonstrated by analyzing five monovarietal extra-virgin olive A.; Alexandre, H. Sensory properties of virgin olive oil polyphe-
oils (January 2005), an organic olive oil, and two types of picual nols: Identification of deacetoxy-ligstroside aglycon as a key
olive oils with different commercial names related to their contributor to pungencyl. Agric. Food Chen2003 51, 1415~

sensorial properties, and very interesting results were found. 1420.



Phenols from Spanish Virgin Olive Oil by CE Analysis

(8) Gutiérrez-Rosales, F.; Rios, J. J.; Gomez-Rey, M. L. Main
polyphenols in the bitter taste of virgin olive oil. Structural
confirmation by on-line high-performance liquid chromatography
electrospray ionization mass spectromeldryAgric. Food Chem.
2003,51, 6021—-6025.

(9) Tsimidou, M. Polyphenols and quality of virgin olive oil in
retrospectltal. J. Food Sci.1998,10, 99-116.

(10) Carrasco-Pancorbo, A.; Cerretani, L.; Bendini, A.; Segura-
Carretero, A.; Gallina Toschi, T.; Fernadndez-Gutiérez, A.
Analytical determination of polyphenols in olive oil3. Sep.
Sci.2005,28, 837—858.

(11) Morales, M. T.; Tsimidou, M. The role of volatile compounds
and poplyphenols in olive oil sensory quality. Handbook of
Olive Oil: Analysis and PropertiedHarwood, J., Aparicio, R.,
Eds., Springer: Gaithersburg, MA, 2000; pp 393—458.

(12) Cifuentes, A. Recent advances in the application of capillary
electromigration methods for food analysislectrophoresis
2005,27 (1), 283—303.

(13) Kvasnicka, F. Capillary electrophoresis in food authenticity.
Sep. Sci2005,28, 813—825.

(14) Bendini, A.; Bonoli, M.; Cerretani, L.; Biguzzi, B.; Lercker, G.;
Gallina-Toschi, T. Liquid-liquid and solid-phase extractions of
phenols from virgin olive oil and their separation by chromato-
graphic and electrophoretic methodss.Chromatogr. A2003,
985, 425—433.

(15) Bonoli, M.; Montanucci, M.; Gallina Toschi, T.; Lercker, G. Fast
separation and determination of tyrosol, hydroxytyrosol and other
phenolic compounds in extra-virgin olive oil by capillary zone
electrophoresis with ultraviolet-diode array detectidnChro-
matogr. A.2003,1011, 163—172.

(16) Bonoli, M.; Bendini, A.; Cerretani, L.; Lercker, G.; Gallina-
Toschi, T. Qualitative and semiquantitative analysis of phenolic
compounds in extra virgin olive oil as a function of the ripening
degree of fruits by different analytical techniquésAgric. Food
Chem.2004,52, 7026—7032.

(17) Buiarelli, F.; Di Berardino, S.; Coccioli, F.; Jasionowska, R.;
Russo, M. V. Determination of phenolic acids in olive oil by
capillary electrophoresiginn. Chim—Rome2004 91, 699-705.

(18) Carrasco-Pancorbo, A.; Cruces-Blanco, C.; Segura-Carretero, A.;
Fernandez-Gutiérrez, A. Sensitive determination of phenolic
acids in extra-virgin olive oil by capillary zone electrophoresis.
J. Agric. Food Chem2004,52, 6687—6693.

(19) Carrasco-Pancorbo, A.; Segura-Carretero, A.; Fernandez-
Gutiérrez, A. Co-electroosmotic capillary electrophoresis deter-
mination of phenolic acids in commercial olive ail. Sep. Sci.
2005,28, 925—934.

(20) Carrasco-Pancorbo, A.; Arraez-Roman, D. A.; Segura-Carretero,
A.; Fernandez-Gutiérrez, A. Capillary electrophorestectro-
spray ionization—mass spectrometry method to determine the
phenolic fraction of virgin olive oil Electrophoresi2006,27,
2182—-2196.

J. Agric. Food Chem., Vol. 54, No. 21, 2006 7991

(21) Gémez-Caravaca, A. M.; Carrasco-Pancorbo, A.; Cafabate-
Diaz,B.; Segura-Carretero, A.; Fernandez-Gutiérrez, A. Electro-
phoretic identification and quantification of compounds in the
polyphenolic fraction of extra-virgin olive oiElectrophoresis
2005,26, 3538—3551.

(22) Lafont, F.; Aramendia, M. A.; Garcia, I.; Borau, V.; Jiménez,
C.; Marinas, J. M.; Urbano, F. J. Analyses of phenolic com-
pounds by capillary electrophoresis electrospray mass spectrom-
etry. Rapid Commun. Mass Sp999,13, 562—567.

(23) Priego-Capote, F.; Ruiz-Jiménez, J.; Luque de Castro, M. D.
Fast separation and determination of phenolic compounds by
capillary electrophoresis-diode array detection. Application to
the characterisation of alperujo after ultrasound-assisted extrac-
tion. J. Chromatogr. A2004,1045, 239—246.

(24) Carrasco-Pancorbo, A.; Gomez-Caravaca, A. M.; Cerretani, L.;
Bendini, A.; Segura-Carretero, A.; Ferndndez-Gutiérrez, A. A
simple and rapid electrophoretic method to characterize simple
phenols, lignans, complex phenols, phenolic acids and flavonoids
in extra-virgin olive oil.J. Sep. Sci2006,29, 2221—2233.

(25) Curie, L. A. Nomenclature in evaluation of analytical methods
including detection and quantification capabiliti€ure Appl.
Chem.1995,67, 1699—1723.

(26) Mateos, R.; Cert, A.; Pérez-Camino, M. C.; Garcd. M.
Evaluation of virgin olive oil bitterness by quantification of
secoiridoid derivatives]. Am. Oil Chem. SoQ004,81, 71—

75.

(27) Beauchamp, G. K.; Keast, R. S. J.; Morel, D.; Lin, J.; Pika, J.;
Han, Q.; Lee, C. H.; Smith, A. B.; Breslin, P. A. S. Ibuprofen-
like activity in extra-virgin olive oil. Nature 2005, 437, 45-

46.

(28) Garcia, A.; Brenes, M.; Romero, C.; Garcia, P.; Garrido, A. Study
of phenolic compounds in virgin olive oils of the Picual variety.
Eur. Food Res. Techna2002,215, 407—412.

(29) Brenes, M.; Garcia, A.; Garcia, P.; Rios, J. J.; Garrido, A.
Phenolic compounds in Spanish olive oilsAgric. Food Chem.
1999,47, 3535—3540.

(30) Cerretani, L.; Bendini, A.; Del Caro, A.; Piga, A.; Vacca, V.,
Caboni, M. F.; Toschi, T. G. Preliminary characterisation of
virgin olive oils obtained from different cultivars in Sardinia.
Eur. Food Res. Techna2006,222, 354—361.

(31) Liberatore, L.; Procida, G.; d’Alessandro, N.; Cichelli, A.
Solid-phase extraction and gas chromatographic analysis of
phenolic compounds in virgin olive oifood Chem2001,73,
119—-124.

Received for review June 27, 2006. Revised manuscript received August
11, 2006. Accepted August 16, 2006.

JF0617925



