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ABSTRACT: Polyphenols of olive oil show autoprotective, sen-
sory, and nutritional-therapeutic effects. Two new phenolic com-
pounds have been isolated from virgin olive oils by preparative
high-performance liquid chromatography and their structures es-
tablished on the basis of their mass spectra and nuclear magnetic
resonance spectral data. The compounds identified are the lig-
nans pinoresinol and 1-acetoxypinoresinol. Both have been
found in all the commercial virgin olive oils analyzed. Pinoresinol
concentration was rather similar in all the oils. In contrast, 1-ace-
toxypinoresinol concentration was higher in oils of the Arbequina
and Empeltre cultivars than in Picual or Picudo cultivars.
Pinoresinol and 1-acetoxypinoresinol may represent the major
phenolic compounds in some Arbequina and Empeltre oils. Lig-
nans possess biological and pharmacological properties and,
therefore, the two new compounds identified in olive oils may
contribute to the reported beneficial effects which are attributed
to polyphenols on human health of a diet rich in olive oil.
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The beneficial effectsthat adiet rich in olive oil has on human
health are well known (1,2). These benefits are mainly due to
the elevated oleic acid content and the antioxidant properties
of its polyphenols (3,4).

Some of the most representative phenolic compoundsin
olive oils are the oleuropein and ligstroside aglycons and the
dialdehydic form of elenolic acid linked to hydroxytyrosol
and tyrosol (5-8), and both hydroxytyrosol and tyrosol have
been suggested to play arolein the prevention of oxidative
damagein cells (9,10).

In addition, other phenolic compounds recently have been
identified in olive oils including flavonoids (11), glucosides
of hydroxytyrosol (12) and 4-(acetoxyethyl)-1,2-dihydroxy-
benzene (13). However, some other peaks in the high-perfor-
mance liquid chromatography (HPLC) chromatograms of
phenolic compounds remain unidentified. In particular, in a
recent study carried out in this |aboratory (13) two peaks ap-
peared that were located between those of the dialdehydic
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form of elenolic acid linked to tyrosol and the oleuropein
aglycon and that showed large peak areasin some olive oils.
Previous studies had suggested that these peaks could corre-
spond to tyrosol derivatives (6,14), however, their structures
had not been elucidated.

As acontinuation of those studies, the present investiga-
tion was undertaken to characterize the molecular structure
of these compounds and to quantify them in commercial olive
oils obtained from different cultivars.

MATERIALS AND METHODS

Oil. Extravirgin olive oils packed in glass containers were
purchased in local markets. These oils corresponded to dif-
ferent regions of Spain and were obtained from Picual,
Picudo, Hojiblanca, Arbequina, and Empeltre cultivars. Two
different oils from each cultivar were analyzed by using du-
plicates of each sample. Data are mean values from the dupli-
cates of each ail.

Phenolic extraction. The phenolic extract of virgin olive
oils was obtained by following the procedure of Montedoro et
al. (15). Briefly, 14 g of virgin olive oil was extracted by using
4 x 14 mL of methanol/water (80:20 vol/val). After removing
the methanol, the residue was taken up to 15 mL with acetoni-
trile. Washings with hexane (3 x 20 mL) were performed, and
the resulting acetonitrile solution was evaporated under vac-
uum, giving aresidue that was dissolved in 1 mL of methanol.

HPLC analysis of phenolic compounds. The HPLC system
consisted of a Waters 717 plus autosampler, a Waters 600E
pump, a Waters column heater module, and a Waters 996 pho-
todiode array detector operated with Millenium 2010 soft-
ware (Waters Inc., Milford, MA). A Spherisorb ODS-2 (5 pum,
25 cm x 4.6 mm i.d., Technokroma, Barcelona, Spain) col-
umn was used. Separation was achieved with an elution gra-
dient by using an initial composition of 90% water (pH ad-
justed to 3.1 with 0.2% acetic acid) and 10% methanol. The
concentration of the latter solvent was increased to 30% in 10
min and maintained for 20 min. Subsequently, the methanol
percentage was raised to 40% in 10 min, maintained for 5
min, increased to 50% in 5 min, and maintained for another 5
min. Finally, the methanol percentage was increased to 60,
70, and 100% in 5-min periods. Initial conditions were
reached in 15 min. A flow of 1 mL/min and a temperature of
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35°C were used in al the experiments. Quantification of phe-
nolic compounds was made by using the reference com-
pounds obtained from commercial suppliers or preparative
HPLC as described elsewhere (13).

Preparative HPLC purification. The HPLC system was
composed of a Waters 600E pump, a Rheodyne 7125 injector
with a1l mL loop, and a Waters 994 photodiode array detec-
tor. A phenolic extract, obtained as reported above from Ar-
bequinaolive ails, was used. A mixture of different peaks cor-
responding to retention times between 42 and 46 min was ob-
tained by using a Spherisorb ODS-2 (5 um, 25 cm x 20 mm
i.d., Waters, Inc.) column and a flow of 16 mL/min. The mo-
bile phases were water (A) and methanol (B), and 0.6 mL of
the phenolic extract was injected into the chromatograph.
Separation was achieved with an elution gradient by using an
initial concentration of 90% A, then decreased linearly to
60% in 20 min, with afinal decrease to 50% over 15 min. This
final concentration was maintained for 5 min, and then a 0%
concentration of A was over 10 min to clean the column. The
initial conditions were achieved in 5 min and then equili-
brated for other 10 min before a new injection. The fractions
containing the recovered substances were pooled and evapo-
rated under vacuum, and the residue was dissolved in the
same amount of methanol as the original phenolic extract in-
jected into the chromatograph. Subsequently, the methanol
extract from which peaks had been isolated was again in-
jected into the chromatograph but using a Spherisorb ODS 2
(5 um, 25 cm x 10 mm i.d.; Technokroma) column and a 4
mL/min flow under isocratic conditions. The mobile phase
was water/methanol (55:45, vol/val). The new collected frac-
tions were pooled, the methanol was eliminated using vac-
uum conditions, and the aqueous residue was frozen and
freeze-dried (model Alpha1-4; Martin Christ, Osterode am
Harz, Germany).

Characterization of isolated compounds. Pure compounds
isolated by preparative HPL C were characterized by high-res-
olution nuclear magnetic resonance (NMR) spectroscopy and
mass spectrometry (MS). *H and 3C NMR spectra were ac-
quired at 300 and 75.4 MHz, respectively, on a Bruker AC-
300P spectrometer (Karlsruhe, Germany) using (CD,),SO as
solvent and tetramethylsilane as internal standard. The spec-
trum of the more complex of the two compounds isolated was
also acquired at 500 MHz by using a Bruker AMX-500. Both
compounds were studied by two-dimensional NMR to assist
in their structural determination. Mass spectra were obtained
in a Finnigan MAT95s (Bremen, Germany) at 70 eV. The ac-
celerating voltage was 4 kV, and the trap current was 100 pA.
Two different derivatives were employed in the MS analysis.
They were the trimethylsilyl derivatives obtained by reaction
with bis(trimethylsilyl)trifluoroacetamide and the products of
the hydrogenation with PtO, (16).

RESULTS AND DISCUSSION

The HPL C chromatograms of the phenolic fraction of three
virgin olive oils are presented in Figure 1. Peaks were identi-
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FIG. 1. High-performance liquid chromatograms of the phenolic frac-
tion of virgin olive oils at 280 nm. Peaks corresponded to (1) hydroxy-
tyrosol, (2) tyrosol, (3) vanillic acid, (4) vanillin, (5) 4-(acetoxyethyl)-
1,2-dihydroxybenzene (3,4-DHPEA-AC), (6) p-coumaric acid, (7) fer-
ulic acid, (8) dialdehydic form of elenolic acid linked to hydroxytyrosol
(3,4-DHPEA-EDA), (9) dialdehydic form of elenolic acid linked to ty-
rosol (p-HPEA-EDA), (10) 1-acetoxypinoresinol (identified in this work),
(11) pinoresinol (identified in this work), (12) oleuropein aglycon (3,4-
DHPEA-EA), (13) luteolin, (14) ligstroside aglycon (p-HPEA-EA), (15)
apigenin.

fied according to a previous paper (13), and unidentified
peaks numbered 10 (retention time 45.1 min) and 11 (reten-
tion time 45.8 min) were studied in more detail.

Theisolated compounds corresponding to peaks 10 and 11
reacted with the Folin-Ciocalteu reagents, were not easily ox-
idized under air, and were more soluble in organic solvents
than in water. It has been tentatively suggested that these
peaks could correspond to tyrosol derivatives (6,14,17). How-
ever, this possibility was rejected since no signals for tyrosol
were found in the NMR spectra.

Peak 10 could be isolated in a higher yield and its charac-
terization was first undertaken. The *H and *3C NMR and MS
data of this compound are shown in Tables 1 and 2, respec-
tively. It had a molecular weight of 416, and the presence of
two hydroxyl groups in the molecule could be easily deter-
mined by MS after silylation. The reduction with PtO, was
not easy, but with time the introduction of three molecules of
hydrogen was observed. In addition, this reduced compound
maintained the presence of the two hydroxyl groups as could
be determined by MS. The 'H NMR spectrum also seemed to
exhibit signals corresponding to hydroxyl groups, which
might be hidden under the water signal that contained the sol-
vent. However, the presence of the three carbon-carbon dou-
ble bonds was not clear either in the *H or in the 13C spectra,
and these M S data interfered with the structural determina-
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TABLE 1
H and *3C NMR Data of Compound 10 Obtained in (CD,),SO
1H NMR 13C NMR
Assignment NMR data Assignment  Chemical shift ~ Chemical shift?
H2 4.89s C1 96.9 96.9
H4, 432dd (J=7.9;1=9.2) c2 86.3 86.3
H4, 3.64dd (J=4.9;1=9.2) C4 69.2 69.3
H5 3.27dt(1=4.9;1=7.9) C5 58.2 58.2
H6 4.97d (1=4.9) C6 84.6 84.6
H8, 4.20d (1=10.5) cs 73.9 73.9
H8, 4.12d (1=10.5) cr 127.5 127.6
H2' 6.85d (J=1.8) c2 112.9 113.0
H5' 6.69d (J=8.1) c3’ 146.9 146.9
He' 6.74dd (J=1.8;1=8.1) c2 146.1° 146.4
H2" 6.85d (J=1.8) C5’ 114.8 114.8
H5" 6.75d (1=8.1) ce’ 121.3 121.3
H6" 6.80dd (J=1.8;1=8.1) c1" 131.2 131.2
OCH, 3.73s c2" 110.7 110.7
OCH, 3.76s c3" 147.5 147.6
CH,CO 1.64s ca" 146.3° 146.4
C5" 115.2 115.3
(ol 118.9 118.9
OCH, 55.6 55.7
OCH, 55.7 55.7
CH,CO 20.6 20.6
CH,CO 168.7 168.7

aData from Tsukamoto et al. (19).

bThese assignments are only tentative. NMR, nuclear magnetic resonance.

tion. On the other hand, the *H and *3C NMR spectra exhib-
ited some signals that were clearly assigned. Thus, the pres-
ence of an acetoxy group could be easily detected by the pres-
ence of asinglet at & 1.64 in the *H NMR spectrum and the
corresponding signals at & 20.5 and 168.7 in the 13C NMR
spectrum. In addition, the presence of two methoxy groups
was also easily detected by the signalsat 6 3.73 and 3.76 in
the 'H NMR spectrum and the corresponding signals at & 55.6
and 55.7 in the 13C NMR spectrum. Finally, the existence of

TABLE 2
Mass Spectral Data of Compounds 10 and 11?2

signals corresponding to aromatic rings was a so detected. In
fact, the 'H NMR spectrum exhibited the presence of six aro-
matic protons at 6 6.6-6.9. Thisimplied the presence of at
least two aromatic rings, data which correlated with the pres-
ence of 12 aromatic carbon signals (six CH and six C car-
bons) at & 110-150 ppm in the 3C NMR spectrum. Both aro-
matic rings were trisubstituted at positions 1,2,4 according to
the coupling constants of the 'H NMR spectrum (18), and
both were substituted similarly. Because of the absence of sig-

Compound 10

Compound 11

m/z (intensity) Assignment m/z (intensity) Assignment
417 (26) M+ H]* 358 (66) M1

416 (77) M1 327 (6) [M - OCH,]*
358 (5) [M - CH,COO + HJ* 205 (17) [M - ArCHO - H]*
221 (24) 163 (33) [ArCHCH=CH,]*
207 (68) 152 (34) [ArCHOT*

205 (67) [M - ArCHO - CH,COOH]"* 151 (100) [ArcO]*

204 (100) [M - ArCHO - CH,COO]* 137 (49) [ArCH,]*

189 (29) 124 (13) [ArH]*

173 (20)

163 (36) [ArCHCH=CH,]*

152 (55) [ArCHOT*

151 (80) [ArcO]*

137 (73) [ArCH,]*

131 (77)

103 (25)

aCompound 10, 1-acetoxypinoresinol; compound 11, pinoresinol. For structures see Scheme 1.
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nals corresponding to other substituents, the presence of one
hydroxy group and one methoxy group in each one of the aro-
matic rings was postulated, and this hypothesis was supported
by the good correlation obtained between the experimental
and the calculated chemical shifts.

According to all these assignments, only the core of the
molecule remained to be determined. This part contained the
six carbon signals not previously assigned in the 2*C NMR
spectrum, and the seven protons not assigned in the *H NMR
spectrum. In addition, it should also contain two oxygen
atoms to obtain the molecular weight determined by MS. Ac-
cording to the tH-3C correlation spectra, one of the carbons
was quaternary, three had one proton attached, and the other
two had two protons attached. According to these results and
the coupling constants observed in the 'H NMR spectrum, the
structure proposed for the central core of the molecule was a
3,7-dioxabicyclo[3.3.0]octane, and the final structure for peak
10 was 1-acetoxy-2,6-his(4-hydroxy-3-methoxyphenyl)-3,7-
dioxabicyclo[3.3.0]octane. This structure does not readily ex-
plain the hydrogenation undergone by the molecule and de-
tected by M S, but it is likely to be a consequence of the bicy-
clo opening. The proposed structure is shown in Scheme 1.
This compound, better known as 1-acetoxypinoresinol, previ-
ously had been found among the lignans obtained from the
bark of Olea plants (19), but thisis the first time that it has
been found in olive dils. Table 1 shows the 3C NMR chemi-
cal shifts described by Tsukamoto et al. (19) for 1-ace-
toxypinoresinol. They are almost identical to the chemical
shifts found in the present study, confirming the identity of
the characterized compound found in peak 10.

MS and NMR spectral data of the compound from peak 11
are shown in Tables 2 and 3, respectively, and they were simi-
lar to the data for the compound from peak 10. However, com-
pound 10 exhibited much simpler *H and *3C NMR spectra. In
addition, the molecular weight found by MS was 358, suggest-
ing that the molecule had more carbon atoms than the signal
observed in the 13C NMR spectrum. These results implied a
symmetric molecule that, according to the absence of the ace-
toxy group in the spectra, was identified as pinoresinol; its

OH

OMe

MeQ

HO

Pinoresinol: R=H
1-Acetoxypinoresinol: R = OCOCHj,4

SCHEME 1
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structure is shown in Scheme 1. This compound previously had
been found in the resin of Pinus spp. and of Picea jezoensis,
the splint wood of Tsuga heterophylla (all Pinaceag), the wood
of Araucaria angustifolia (Araucariaceag), the bark of Fraxi-
nus mandshurica var. Japonica (Oleaceae), and Wikstroemia
spp. (Thymelaeaceae) (20), but it is the first time that it has
been found in olive ails. Table 3 shows the 3C NMR chemical
shifts described by Lin-gen et al. (21) for pinoresinol. For con-
trast to the data shown above for 1-acetoxypinoresinol, chemi-
cal shifts obtained in the present study and the data described
previously showed some slight differences, but they are likely
a consequence of the different solvents employed for obtaining
the spectra. In addition, MS data obtained in the present study
were anal ogous to the pinoresinol described previously, con-
firming the identity of compound 11 (22).

The ultraviolet spectra of 1-acetoxypinoresinol and pino-
resinol are shown in Figure 2. As described previously (19,21),
the spectra exhibited two shoulders around 230 and 280 nm.
The latter one is a consequence of the hydroxyphenyl groups.
The shapes of the absorbance spectra of pinoresinol and 1-ace-
toxypinoresinol are similar to those of hydroxytyrosol and ty-
rosol, respectively, the shoulder at 230 nm being higher for 1-
acetoxypinoresinol and tyrosol than for the other two.

Pinoresinol and its derivatives are lignans that are widely
distributed in the plant kingdom and chemically related to the
polymeric lignins of the plant cell wall. It is assumed that
pinoresinol is formed biosynthetically by stereospecific re-
ductive coupling of two molecules of coniferyl alcohol (22).
Lignans are of considerable pharmacological interest because
they are known to have antitumor, antimitotic, and antiviral
activities and to specifically inhibit certain enzymes (23-25).
Pinoresinol glucosides have also been proposed as hypoten-
sives (26) and antioxidants for lipidsin food and living or-
ganisms (27).

Pinoresinol and derivatives have been isolated in roots,
leaf, flowers, and particularly bark of the trees. They have

T-Acetoxypinoresinol

/

Absorbance units

Pinoresinol

LML SR BN IS BEL LRI SLENLAL LI R AL LA BRLLLI N
0000 22000 24000 26000  ZBOOO  JGORD  30M0 40H0 36000 3000
Wavelength (nm)
FIG. 2. Ultraviolet spectra of 1-acetoxypinoresinol and pinoresinol ob-

tained in 0.2% acetic acid in water/methanol during the high-perfor-
mance liquid chromatographic analysis.
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TABLE 3
'H and 3C NMR Data of Compound 11 Obtained in (CD,),SO
IH NMR 13C NMR

Assignment NMR data Assignment Chemical shift Chemical shift?

H1/H5 3.03m C1/C5 53.5 54.2

H2/H6 4.06d(J=4) C2/C6 85.0 85.9

H4,/H8, 4.11m C4/C8 70.8 71.7

H4,/H8, 3.74m c1'/c1” 132.1 133.0

Aromatic (6H) 6.73m c2'Ic2" 110.3 108.8

OCHj, 3.76s Cc3'/C3” 147.4 146.7

OCH,4 3.75s C4'/c4” 145.8 145.3
C5'IC5" 115.0 114.3
C6'/C6” 118.5 118.9
OCH,4 55.5 56.0
OCH, 55.9 56.0

Data obtained from Lin-gen et al. (21) in CDCI,. For abbreviation see Table 1.

also been detected in some foods such as sesame seeds (27)
and flaxeed meal (28). Thisisthe first time that lignans have
been detected in olive oil and, presumably, also in fruits of
Olea europaea. However, 1-acetoxypinoresinol and its glu-
cosides and 1-hydroxypinoresinol glucosides have been iso-
lated from bark of olive trees (19,29). Moreover, pinoresinol
glucoside linked to oleoside 11-methy! ester, which is a sec-
oiridoid as oleuropein, has been isolated from oleaceous
plants (30). Thus, the lipid-soluble lignans detected in olive
oils could originate from hydrolysis of compounds similar to
lignan linked to secoiridoid glucoside.

The concentrations of phenolic compoundsin 10 extravir-
gin olive ails purchased in local markets are given in Table 4.
Aglycons and aglycon derivatives of oleuropein and ligstro-
side were found in higher concentrationsin the oils. However,
the two new phenolic compounds identified in the present
study, 1-acetoxypinoresinol and pinoresinol, were also found
in marked amounts in oils of Arbequina and Empeltre culti-
vars. Pinoresinol concentration was rather similar in all the
analyzed ails, but 1-acetoxypinoresinol was higher in oils of

Arbequina and Empeltre cultivars than in Picual or Picudo
cultivars. The latter compound was also found in great
amount in oils of Razzola and Frantoio Italian cultivars (data
not shown). Thus, the sum of these two compounds may rep-
resent the major phenolic fraction in the olive oils obtained
from some cultivars.

It must also be stressed that differences in concentration
were found for all the phenolics between oil samples of the
same cultivar. Thisis a consequence of the variables that af-
fect the concentration of phenolic compounds in oils such as
maturation of fruits, extraction, and storage conditions.

It has been recently reported that the concentrations of
1-acetoxypinoresinol (peak 10) and pinoresinol (peak 11)
in oils slightly diminished and increased, respectively, with
maturation of olives (13). Likewise, Montedoro et al. (15) in-
dicated that a peak named 10, which must correspond to the
lignans identified in this paper, was very stable during oil
oxidation as tyrosol and derivatives were. Thus, tyrosol and
lignans seem to be among the most stable phenolics during
oil storage.

TABLE 4
Phenolic Compounds Concentration (mg/kg) in Extra Virgin Olive Oils of Five Olive Cultivars?
Picual Picudo Hojiblanca Arbequina Empeltre

Oil 1 Oil2 Qil1l Oil2 Oill Qil2 Oil1 0Oil2 0il1 Qil2
Hydroxytyrosol 17.8 2.2 7.5 3.5 5.8 8.3 114 2.6 1.3 2.9
Tyrosol 105 105 10.0 9.5 6.0 5.6 8.4 35 3.2 1.8
Vanillic acid 0.1 0.1 0.2 0.2 0.2 0.1 0.1 0.1 0.1 0.1
Vanillin 0.6 0.5 0.2 0.5 0.7 0.6 0.3 0.5 0.3 0.2
3,4-DHPEA-AC 12.8 7.4 2.4 2.0 10.1 10.3 7.4 28.4 28 140
p-Coumaric acid 0.3 0.1 0.1 0.1 0.4 0.1 0.1 0.3 0.1 0.1
3,4-DHPEA-EDA 82.0 26.2 14.0 37.2 1320 70.0 28.6 107.0 143 58.1
p-HPEA-EDA 31.0 32.2 7.3 38.0 27.1 16.6 7.5 18.0 7.0 9.2
1-Acetoxypinoresinol 4.9 2.7 6.8 125 3.7 30.5 36.4 66.9 315 40.0
Pinoresinol 295 36.0 31.2 29.1 30.8 24.4 34.0 41.2 19.0 117
3,4-DHPEA-EA 359.7 1203 40.9 94.2 1349 725 29.0 16.4 159 56.6
p-HPEA-EA 48.7 32.2 7.0 22.2 15.5 7.9 4.4 41 15 6.5

83,4-DHPEA-AC, 4-(acetoxyethyl)-1,2-dihydroxybenzene; 3,4-DHPEA-EDA, dialdehydic form of elenolic acid linked to
hydroxytyrosol; p-HPEA-EDA, dialdehydic form of elenolic acid linked to tyrosol; 3,4-DHPEA-EA, oleuropein aglycon;

p-HPEA-EA, ligtroside aglycon.
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