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Introduction

VIRGIN OLIVE OIL IS CONSUMED IN ITS NATURAL STATE WITH-
out refining, thus conserving a number of substances,

such as phenolic compounds, which are usually removed
from other vegetable oils at various stages of refining. Phe-
nolic compounds have been reported as influencing sensory
quality (Esti and others 1998; Ryan and Robards 1998;
Brenes-Balbuena and others 1992) and oxidative stability
(Chimi and others 1991; Papadopoulos and Boskou 1991;
Baldioli and others 1996) of olive oil and as having beneficial
biological activity (Shahidi 1997; Aruoma and others 1998; Vi-
sioli and Galli 1998; Manna and others 1998).

Phenols make up a part of the “polar fraction” of virgin ol-
ive oil. Isolation of these compounds from olive oils is gener-
ally achieved by dissolution of the oil with hexane, followed
by liquid-liquid extraction of these compounds with various
mixtures of water and methanol (Gutfinger 1981; Montedoro
and others 1992b). Reversed-phase high-performance liquid
chromatography (RP-HPLC) currently is the most popular
and reliable technique for the determination of phenolic
compounds. Numerous mobile phases have been employed
with different modifiers, which include methanol, acetoni-
trile or tetrahydrofuran, acids (acetic or formic) and/or salts
(ammonium phosphate) (Ryan and others 1999). Detection is
typically based on the measurement of ultraviolet (UV) ab-
sorption, usually at 280 nm, which represents a suitable com-
promise as most phenols absorb considerably at this wave-
length (Tsimidou and others 1992a; Ryan and Robards 1998).

Gas chromatography of phenolic compounds requires
the preparation of volatile derivatives and high temperature.
Recently this method was used to elucidate the identity of
the most complex constituents in olive oil (Angerosa and
others 1995).

Cultivar, degree of maturation, climate and type of ex-
traction method selected are among the factors affecting the
phenolic content of virgin olive oil (Baldioli and others 1996;
Caponio and others 1999; Romani and others 1999). Studies
on different olive oil varieties (Amiot and others 1986; Esti
and others 1998; Brenes-Balbuena and others 1992) indicate

that cultivar has a significant impact on the phenolic compo-
sition of virgin olive oil.

Numerous simple and complex phenolic compounds
found in virgin olive oil have been identified. The simple phe-
nolic compounds present in olive oil have been identified us-
ing commercial standards. However the identification of
complex phenols is a more difficult task given that there are
different isomers which co-elute in HPLC and there are no
commercial standards or spectroscopic data for most of
these compounds. Studies on complex phenolic compounds
using nuclear magnetic resonance, infrared, and UV spec-
trometry have allowed the elucidation of the structures of
some of these compounds, but their complete chemical na-
ture has not been elucidated (Montedoro and others 1993;
Pirisi and others 1997; Ryan and others 1999).

The objective of this work was to isolate and characterize
the phenolic fraction of Lianolia variety virgin olive oil. Phe-
nolic compounds were fractionated by reversed-phase
HPLC and the main fractions obtained were characterized
by gas chromatography-mass spectrometry (GC-MS). The
HPLC profiles of phenolic fractions were studied for 3 con-
secutive crop y (1997/98 1998/99 and 1999/2000) in order to
verify the effect, if any, of crop y on the phenolic composi-
tion of samples.

Materials and Methods

EXTRA VIRGIN OLIVE OIL FROM LIANOLIA VARIETY OLIVES
grown in the region of Preveza was used. The olives were

collected at different stages of ripeness during these periods:
December 1997/January 1998, December 1998/January 1999,
and December 1999/January 2000. Oil samples were pro-
cessed and provided by various local industrial olive oil mills.

Reagents and standards
Acetonitrile, methanol, hexane, acetic acid, and water

were all of HPLC grade and were purchased from Merck
(Darmstadt, Germany). Methanol and hexane for oil extrac-
tion were of pro-analysis and were also purchased from
Merck. N,o-bis (trimethyl)trifluoroacetamide (BSTFA)
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(991%) and pyridine (991%) for silylation were purchased
from Aldrich Chemical Co. (Milwaukee, Wis., U.S.A.). The
standards tyrosol, syringic acid, ferulic acid, o-coumaric
acid, and p-coumaric acid were purchased from Sigma-Ald-
rich (Steinheim, Germany), and caffeic acid from Merck-
Schuchardt (Hohenbrunn, Germany). Hydroxytyrosol was
confirmed by mass spectrometry; it had been previously re-
ported (Montedoro and others 1992b).

Extraction method
Phenolic compounds were isolated by extraction of an

oil-in-hexane solution with water/methanol (40/60) 3 times.
The 3 extracts were combined, evaporated to dryness in a
rotary evaporator, and dissolved in methanol for HPLC anal-
ysis. Repeatability of extraction was checked by determining
total phenol content with Folin-Ciocalteau reagent (Gutfin-
ger 1981).

Preparative HPLC
The HPLC system used was a Waters PrepLC 4000 System

equipped with a 7.8 mm id 3 300 mm R18 semipreparative col-
umn, coupled with a UV detector (Waters 486) and a sample
loop of 5 mL capacity. The mobile phase consisted of 2% acetic
acid in water (A), methanol (B), and acetonitrile (C) (Montedoro
and others 1993) at a flow rate of 3.5 mL/min. The gradient elu-
tion program used was: 95% A/5% B in 2 min; 80% A/20% B in
8 min; 60% A/20% B/20% C in 15 min; 40% A/30% B/30% C in
30 min; 30% B/70% C in 40 min and this percentage was main-
tained for 15 min and finally 95% A/5% B in 3 min. A quantity of
phenolic extracts dissolved in methanol and corresponding to 5
mg of the total phenols expressed as caffeic acid equivalent as
determined by the Folin-Ciocalteau reaction (Gutfinger 1981)
was injected onto the column. The fractions were detected at
280 nm and were collected manually. The collected fractions
were checked by analytical HPLC for their separation, then
freeze-dried with lyophilization techniques and converted to si-
lyl derivatives for GC-MS analysis.

HPLC methods
A Shimadzu model HPLC system (Shimadzu Corp., Kyoto,

Japan) was used, consisting of a solvent delivery module (LC-
10AD) with a double-plunger reciprocating pump, UV-VIS
detector (SPA-10A), and column oven (CTO-10A). The col-
umn used was Apex octadecyl 104 C18 (25cm 3 0.4cm ID)
with 5 mm packing ( Jones Chromatography, Lakewood,
Colo., U.S.A.).

The elution solvents used were A (2% acetic acid in water), B
(methanol), and C (acetonitrile) (Montedoro and others 1992a).
The samples were eluted according to the following gradient:
95% A/5% B as initial condition; 60% A/20% B/20% C in 8 min;
40% B/60% C in 17 min, and this percentage was maintained for
10 min; 60% A/20% B/20% C in 10 min; and finally 95% A/5% B
in 5 min. Flow rate was 1 mL/min, and the run time 50 min.
Column temperature was 32 8C. The sample injection volume
was 20 mL. Identification of compounds was achieved by com-
paring their retention time (RT) values with those of standards.
Data were collected and processed using Class-VP Chromatog-
raphy Laboratory Automated software (Shimadzu Corp).

Hydrolysis
Different hydrolysis procedures were used with 2 N or 4 N

HCl at 70 8C or at ambient temperature; 50 mL HCl (2 N or 4
N) was added to 2 to 10 mg of phenolic extracts expressed as
caffeic acid equivalent. The mixture was heated at 70 8C for 1
h or was kept at room temperature for 24 h. The reaction

products were extracted 3 times with ethyl acetate and
brought to dryness in a vacuum rotary evaporator. The resi-
due was subjected to derivatization (silylation) prior to GC-
MS analysis.

Silylation of phenols
Pyridine (100 mL) and 200 mL BSTFA were added to a dry

sample (2 to 10 mg), under inert N2, and the mixture was
heated at 60 8C for 60 min.

GC-MS identification
GC-MS was performed with a GC/MSD Hewlett Packard

5890 Series II instrument equipped with an on-line injection
system and mass-selective detector Model HP 5971A. A cap-
illary column BPX5 (30 m 3 0.33 mm 3 0.25 mm) was used.
The carrier gas was helium. Injector and detector tempera-
tures were set at 315 8C. The following oven temperature
program was used (Angerosa and others 1995): 70 to 135 8C
at 2 8C/min and 10 min at 135 8C; 135 to 220 8C at 4 8C/min
and 10 min at 220 8C; 220 to 270 8C at 3.5 8C/min and 20 min
at 270 8C.

Results and Discussion

HPLC separation
Figure 1 depicts a representative HPLC chromatogram of

phenolic extracts from virgin olive oil of the Lianolia variety.
All chromatograms for 20 samples analyzed were similar,
with differences relating only to peak areas, and were ob-
tained using a modification of eluents widely used
(Montodoro and others 1992a). The typical solvent system
for the separation of olive oil phenols is water/methanol. In
this study a 3-solvent system was adopted because peak 14
with RT 43.00 min was observed only when acetonitrile was
used in the eluent system. The phenolic constituents were
grouped into 5 fractions. Fraction I comprised of peaks 1 to
6 corresponding to simple phenolic compounds. Among
these compounds, hydroxytyrosol (OHTy) and tyrosol (Ty)
predominated. Fractions II, III, and IV were made up of
complex phenolic compounds corresponding to peaks 7, 8,

Figure 1—Separation of the phenolic extract of olive oil by
reversed-phase HPLC at 280 nm. Peak numbers: (1)
hydroxytyrosol; (2) tyrosol; (3) vanillic acid; (4) syringic acid;
(5) pcoumaric acid; (6) o-coumaric acid; (7) hydroxytyrosol
derivative; (8) tyrosol derivative; (9) hydroxytyrosol deriva-
tive; (10) RT 28.37; (11) RT 29.71; (12) RT 31.56; (13) 34.48;
(14) RT 43.00. RT=retention time in min.
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and 9 with retention times of 21.67, 23.88, and 26.63 min, re-
spectively. Fraction V was comprised of peaks 10 to 13 with
RTs of 28.37, 29.71, 31.56, and 34.48 min, respectively, while
fraction VI contained peak 14 with a RT of 43.00 min. Frac-
tions V and VI were unidentified.

The simple phenolic compounds found in fraction I have
been reported to be present in Italian (Esti and others 1998;
Romani and others 1999), Spanish (Brenes-Balbuena 1992),
and Greek (Tsimidou and others 1992a) olive oils.

GC-MS analysis was carried out to identify complex phe-
nols in fractions II, III, IV, V, and VI.

GC-MS analysis
Both the fractionated phenols and the unfractionated mix-

ture of phenols were subjected to silylation and further ana-
lyzed by GC-MS. Figure 2 shows a typical GC-MS chromato-
gram of the unfractionated mixture. Tyrosol (RT = 50.46) and
hydroxytyrosol (RT = 59.30) were identified by their mass
spectra (not shown). Glycerol (RT = 26.80), palmitic acid
(RT = 68.49), oleic acid (RT = 75.25), and linoleic acid
(RT = 75.54) were also identified by their mass spectra. The
2nd part of the chromatogram (RT = 88.86 – 94.57) is compli-
cated due to the presence of many peaks. Mass spectra (not
shown) of these peaks were characterized by the presence of
a main peak at m/z 192 or 280 corresponding to compounds
containing tyrosol and hydroxytyrosol, respectively, and were
identical to those reported by Angerosa and others (1995).
Further identification of this fraction is in progress.

GC-MS analysis of fractions FII, FIII, and FIV, which were
separated by preparative HPLC, is illustrated in Figure 3. Frac-
tion FII gave a large peak at RT = 59.50 min corresponding to
hydroxytyrosol as confirmed by its mass spectra (Figure 3a).
Several other peaks, with RTs ranging from 93.56 to 98.09 min
and corresponding to complex phenols, were also observed.
The mass spectra of these complex phenols have a peak at m/z
280, which corresponds to compounds containing hydroxyty-
rosol. The GC-MS analysis of fraction FIII, on the other hand,
gave a large peak at RT 50.70 min, which corresponds to tyrosol
(Figure 3b). Some other complex phenols observed in this frac-
tion have RTs ranging from 88.86 to 92.26 min and m/z of 192,
which correspond to compounds containing tyrosol. Fraction-
FIV gave a large peak at RT 59.29 min, which corresponds to
hydroxytyrosol, and 2 peaks at RT 97.65 and 108.0 min, corre-
sponding to a complex phenol containing hydroxytyrosol with

m/z 280. It must be noted that, although the preparative HPLC-
separated fractions (FII, FIII, FIV) consisted of complex phe-
nols, their respective GC-MS chromatograms gave simple phe-
nols in addition to complex phenols. This is due to experimental
derivatization and analysis conditions leading to hydrolysis of
complex phenols. Fraction FV (peaks 10 to 13, Figure 1), after
separation by preparative HPLC into 4 individual peaks, did not
give a peak during GC analysis, probably because its concentra-
tion was too low to be detected. Fraction FVI also did not give
any peak. Perhaps it is not of a phenolic nature.

The GC-MS of hydrolyzed fractions FII, FIII, and FIV
gave peaks corresponding only to OHTy, Ty, and OHTy, re-
spectively, confirming the assumption that 3 fractions sepa-
rated by HPLC corresponded to derivatives of OHTy (FII
and FIV) and Ty (FIII).

The above results are in accordance with the findings of
Montedoro and others (1993), who identified 3 successively
eluting complex phenolic compounds corresponding to: (a)
dialdehydic form of elenolic acid linked to OHTy, (b) dialde-

Figure 2—Separation of phenolic extract of olive oil by
GC-MS. Retention times: (26.84) glycerol; (50.46) tyrosol;
(59.30) hydroxytyrosol; (68.49) palmitic acid; (75.25) oleic
acid; (75.54) linoleic acid; (88.86-94.57) compounds linked
to tyrosol and hydroxytyrosol.

Figure 3—GC-MS of fractionated phenolic compounds. (a)
Fraction II, (b) Fraction III and (c) Fraction IV.
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hydic form of elenolic acid linked to Ty, and (c) an isomer of
oleuropein aglycon. The above compounds (a, b, and c) cor-
respond to fractions II, III, and IV in the present study. On
the other hand, Pirisi and others (1997) reported the elution
of complex phenolic compounds in the following order: (a)
deacetoxy oleuropeine alglycone followed by oleuropeine
aglycone, (b) dialdehydic form of elenolic acid linked to Ty,
and (c) dialdehydic oleuropeine derivative. They proposed
an isomerization mechanism between (a) and (c) derivatives
in acidic solvents. In the above 2 studies differences exist
with regards to structure and substitutes (dialdehydic form,
deacetoxy) of elenolic acid as well as differences in the elu-
tion time of oleuropein aglycon, which appears before or af-
ter Ty derivatives. Our results show that there are at least 6
different compounds in each of the fractions II and III, and 2
compounds in fraction IV (Figure 3), indicating the presence
of significantly larger number of components in these frac-
tions as compared to those already identified.

The phenolic compounds of virgin olive oil have been re-
ported as having significant antioxidant activity (Chimi and
others 1991; Tsimidou and others 1992b; Baldioli and others
1996). Studies on antioxidant activity of phenolic compounds
showed that biphenols such as oleuropein hydroxytyrosol,
had higher antioxidant activity than tyrosol which is a
monophenol (Chimi and others 1991; Papadopoulos and
Boskou 1991). In addition, OHTy and Ty as well as their deriv-
atives (fractions II, III, and IV) have been reported as being
responsible for the bitter and pepper-like sensation that is
occasionally dominant in the taste of olive oil (Kiritsakis 1998;
Morales and Tsimidou 2000).

Knowledge of virgin olive oil phenolic composition is use-
ful to obtain a better understanding of the influence of indi-
vidual phenols on the overall oxidation stability of the oil.
Given the fact that the separation, identification, and quanti-
fication of all the phenolic compounds occurring in olive oil
is a difficult task, the quantification of the above compounds

as groups with similar characteristics were suggested. Table 1
shows the percentage composition of simple and complex
phenols determined in the extra virgin olive oil samples ana-
lyzed. Fraction I contained all the simple phenols and did not
exceed 6% of the total fractions. Fraction II contained OHTy
derivatives (27%), and fraction III Ty derivatives (47%). Both
fractions II and III were always present in greater quantities.
Fraction IV also contained OHTy derivatives but occurred in
much lower amount than fraction II. Fraction V was com-
prised of the unidentified peaks. Both fractions IV and V
made up an average of 21% of the total fractions. It must be
noted that all these compound have different response fac-
tors (Tsimidou and others 1992a; Pirisi and others 1997),
therefore there is no direct relationship between peak area
percentage and absolute fraction weight.

Conclusion

USING ANALYTICAL HPLC AND A COMBINATION OF SEMI-
preparative HPLC and GC-MS, the composition of phe-

nolic compounds present in Lianolia virgin olive oil has been
determined. The main phenolic compounds identified were
those of fractions FI, FII, FIII, and FIV. Fraction FI was com-
prised of the simple phenols with OHTy and Ty predominat-
ing. FII and FIV contained OHTy derivatives, while FIII con-
tained Ty derivative. The HPLC profiles of all samples ana-
lyzed were similar for the 3 consecutive years studied, with
differences relating only to peak areas. Among the complex
phenols, 2 peaks (FII and FIII) corresponding to OHTy and
Ty derivatives predominated (. 70%). Simple phenols make
up a relatively minor (, 6%) fraction.
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