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We characterized ‘Olivastra Seggianese’ extra virgin olive oil (EVOO) and evaluated its chemical
and sensory characteristics and antioxidant and antiradical activities during storage under novel
conditions. Two oils (A and B) were analyzed for the commodity characteristics at blending (t0) and
after 9, 12, and 18 months; panel tests were performed and minor polar compounds (MPC) content
was assessed at blending (t0) and after 6, 9, 12, and 18 months. Antioxidant and antiradical activities
in vitro were evaluated at t0 and after 12 months, by human low density lipoprotein (LDL) and 1,1-
diphenyl-2-picrylhydrazil radical (DPPH•) tests. Oil A, which had an initially higher MPC content,
possessed “harder” organoleptic characteristics than oil B, which had a lower MPC content and was
endowed with a “smoother” taste profile. Statistical analyses showed that secoiridoids, particularly
deacetoxy-oleuropein aglycone, should be quantified to evaluate EVOO stability during storage. The
antioxidant activity toward human LDL was linked to MPC content and to storage time. The tests on
the stable free radical DPPH• confirmed the results on human LDL. We propose this as an additional
parameter to evaluate olive oil quality and stability over time.
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INTRODUCTION

Extra virgin olive oil (EVOO) quality depends on many
factors, such as condition of the fruits (which must be undam-
aged and rapidly processed), harvesting time, crushing and
storage methods (1). EVOO quality is also strictly correlated
with the properties of the cultivar used for its production. In
the past few years, interest has focused on monocultivar extra
virgin olive oils, especially from autochthonous cultivars, as
their unique features are yet to be fully investigated and
exploited.

In recent years, the definition of “EVOO quality” is shifting
from commodity chemical values to sensory and health proper-
ties. The latter mainly concerns the activities of antioxidant
molecules such as minor polar compounds (MPC). EVOO
contains several different compounds with antioxidant activities,
including polyphenolic compounds, to which the very strong
natural antioxidant properties of olive oils are generally ascribed
(2, 3). A unique characteristic of EVOO is the equilibrium
between stability and auto-oxidation phenomena (4, 5), often
evaluated by determining the peroxide content (6) and mainly
dependent on the concentration of antioxidant molecules. In fact,

as MPC are predominantly responsible for the olive oil resistance
to oxidationsmainly owing to molecules containing an ortho-
diphenolic group (e.g., 5-hydroxytyrosol) (7)sa method of
assessing oil stability consists of the evaluation of MPC over
time (8, 9). Yet, their time-wise pattern of decrease and the
specific antioxidant role of single MPC are still to be fully
understood (10).

As mentioned, interest in the pharmacological activities of
MPC, in particular 5-hydroxytyrosol and oleuropein, is con-
stantly growing, as data that demonstrate the cardioprotective
(and possibly chemopreventive) potential of such compounds
are accumulating (1, 11). Indeed, antioxidant molecules such
as MPC might provide health benefits, but primarily discriminate
the quality of the oil and maintain it over time (9). By
investigating the time-wise MPC concentration profile in bottled
oil, nutritional guidelines might be fine-tuned.

Both simple and complex phenolic antioxidants are detectable
in the polar fraction of extra virgin olive oil: examples are
5-hydroxytyrosol and tyrosol derivatives (12-14), secoiridoids,
and lignans (15, 16). MPC concentration in extra virgin olive
oil depends on several factors such as olive cultivar (17-19),
and agronomic and technological aspects of production (20-
22). Moreover, different storage conditions might decrease
phenols concentration in the oil, adding to other factors such
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as temperature and exposure to light. Because of their antioxi-
dant properties, phenolic compounds are of paramount impor-
tance to the shelf life of extra virgin olive oils.

Oil consumption usually occurs within 1 year from its
production, but, according to the current legislation (RIS-2/78-
IV/98 COI/T.15/NC n 2/Rev. 8, del 25/11/1998), extra virgin
olive oil can be consumed within 18 months from bottling.
Consequently, we took an 18-month period of storage as
approximation of an extended shelf life, and investigated
chemical and organoleptic changes of bottled oil during this
period.

Aims of this study were to fully characterize ‘Olivastra
Seggianese’ extra virgin olive oil and to evaluate its chemical
and sensory characteristics and antioxidant and antiradical
activity during storage under novel conditions. Furthermore, we
studied the correlation of MPC concentration with their anti-
oxidant capacity and calculated how this could be predictive of
olive oil stability.

MATERIALS AND METHODS

Olive Oil Production and Storage Conditions.The EVOOs used
in this study were obtained from the autochthonous cultivar ‘Olivastra
Seggianese’. The ‘Olivastra Seggianese’ is well-known for its frost
tolerance; volatiles obtained from leaves, fruits, and virgin oil have
recently been investigated (17). The samples used in this study have
been collected from within the area that was awarded the Tuscan IGP
labels EC no. 644/98.

The two oils utilized in this study were produced from the cultivar
‘Olivastra Seggianese’, with 5% of ‘Moraiolo’ cultivar (Manni,
Grosseto, Italy). The plants were cultivated under standard organic
practices, according to the directive EEC/91/2092. The fruits were hand-
harvested directly from the plants, between the last week of October
and the first half of November 2001. After harvesting, the fruits were
processed within 24 h in a continuous two-phases line (Jumbo 3
Pieralisi, Jesi, Italy). The oils were temporarily stored in five different
containers and only at the end of the harvesting a blend was performed
to obtain two oils (hereafter referred to as oil A and oil B) with different
organoleptic features: higher and lower fruity/bitter taste, respectively.
After blending, an aliquot of the two oils was bottled into 100 mL
glass bottles capped with nitrogen and sealed with synthetic stoppers.
The bottles were made of special glass, which screens from 99.99%
UV light radiation. Samples were stored in the dark at constant
temperature (18°C).

During the 18 month period, two bottles of each oil were analyzed
for both their chemical and organoleptic properties, according to EEC/
91/2568. New bottles were opened at any time point. In particular,
samples of the two oils were analyzed for the commodity characteristics
at blending (t0) and after 9, 12, and 18 months; panel tests were
performed, and MPC content was assessed at blending (t0) and after 6,
9, 12, and 18 months. Antioxidant and antiradical activities in vitro
were evaluated att0 and after 12 months, by LDL and DPPH• tests
(see below).

Extraction, Identification, and Quantification of Individual MPC.
Fifty milliliters of each oil sample were extracted with 150 mL of EtOH/
H2O (70:30 v/v). The water was acidified (pH) 2.5) with formic acid.
A defatting with n-hexane was performed to completely remove the
lipid fraction. The raw alcoholic extract of each sample was brought
to dryness under reduced pressure, redissolved in 2 mL of extraction
solvent, and analyzed by HPLC equipped with a DAD detector and an
MSD API-electrospray. This extract was used for the determination of
single MPC and for the LDL and DPPH• tests, respectively.

Identification of individual MPC was carried out by using both
HPLC/DAD and HPLC/MS, using retention time, UV-visible detec-
tion, and mass spectra. The quantitative evaluation of individual MPC
was performed by HPLC/DAD through the use of authentic standards,
such as tyrosol, oleuropein, luteolin, and apigenin, which were used to
prepare four-point regression curves (r2 g 0.99). Tyrosol and 5-hy-
droxytyrosol amounts were calculated at 280 nm using tyrosol as the

reference standard; oleuropein aglycone, deacetoxy-oleuropein aglycone,
and secoiridoid compounds were calculated at 280 nm using oleuropein
as the reference standard; elenolic acid and elenolic acid derivatives
were evaluated at 240 nm using oleuropein as the reference standard.
For oleuropein aglycone, deacetoxy-oleuropein aglycone, elenolic acid,
and its derivatives, the correction of the molecular weight was applied.
The flavonoid aglycones luteolin and apigenin were evaluated measur-
ing the absorbance at 350 nm of the pure standards. Lignans were
identified and analyzed as previously described (23).

HPLC-DAD Analysis. HPLC/DAD analyses were performed with
a HP 1100L liquid chromatograph equipped with HP DAD (Agilent
Technologies, Palo Alto, CA). The experimental conditions were similar
to those previously reported (24). In details, the analytical column was
a 4.6× 250 mm LiChrosorb RP18, 5 mm (Merck), maintained at 26
°C, equipped with a 10× 4 mm LiChrosorb RP18 precolumn. The
HPLC/DAD analyses were performed with solvents of analytical grade
purchased from Carlo Erba (Milano, Italy). The eluent was H2O (pH
3.2 by H3PO4)/CH3CN. A four-step linear solvent gradient was used
starting from 100% H2O up to 100% CH3CN, during a 106 min period,
at a flow rate of 1 mL/min.

HPLC-MS Analysis. The HPLC-MS analyses were performed using
an HP 1100L liquid chromatograph equipped with a DAD detector
and 1100 MS detectors. The interface was an HP 1100 MSD API-
electrospray (Hewlett-Packard). The HPLC-MS analyses were per-
formed according to a previous report (25).

Reference Compounds.The following commercial products were
used: tyrosol, oleuropein, luteolin, and apigenin, all from Extrasynthe`se
(Genay, France).

Antioxidant Activity. LDL oxidation was investigated in vitro by
incubating isolated LDL with an oxidative agent, i.e., copper sulfate;
the effect of the olive oil extracts on the oxidation process was evaluated
by the formation a marker, namely short-chain aldehydes, evaluated
as thiobarbituric acid-reacting substances (TBARS). Human low-density
lipoproteins (LDL, d ) 1.021-1.063) were isolated by sequential
ultracentrifugation from plasma obtained from healthy, normolipidemic
volunteers (n ) 4). Before initiation of the experiments, LDL samples
were desalted by size exclusion chromatography and their protein
contents determined according to the method of Lowry et al. (26). LDL
samples were diluted with PBS to 200µg/mL and oxidation was started
by the addition of 5µM copper sulfate. Control samples were added
with 5 µL of ethanol, which was the vehicle employed to dissolve the
extracts (final ethanol concentration: 0.5%). Incubation was carried
out at 37°C in a shaking bath, and aliquots were withdrawn at different
times for the assessment of TBARS formation (27). The results are
expressed as nanomoles of TBARS per milligram of LDL.

Antiradical Activity. Free radical scavenging activity was evaluated
by the DPPH• (1,1-diphenyl-2-picrylhydrazil radical) assay. The
antiradical capacity of the sample extracts was estimated according to
the procedure reported by Brand-Williams (28), with slight modifica-
tions. Two milliliters of the sample solution, suitably diluted with
ethanol, was added to 2 mL of an ethanolic solution of DPPH• (25
mg/100 mL), and the mixture was allowed to stand. After 20 min, the
absorption was measured at 517 nm (LAMBDA 25, Perkin-Elmer
spectrophotometer) versus ethanol as the blank. Each day, the absorption
of the DPPH• solution was checked. The antiradical activity is expressed
as IC50, i.e. the concentration required to cause a 50% discoloration of
the DPPH• solution. IC50 was calculated plotting the ratio. (Ablank -
Asample/Asample) × 100, whereAblank is the absorption of the DPPH•

solution andAsample is the absorption of the DPPH• solution after the
addition of the sample, against the concentration of the sample. IC50 is
expressed as mg sample/mg DPPH• (29).

Statistical Analyses.Data of the chemical analysis were investigated
using the MANOVA procedure of Statgraphics Plus statistical package
(Manugistic, Rockville, MD). Total variance was calculated assuming
the two oils and the time as sources of variation,F ratio, and probability
calculated to check significance of variation in relation to the source
and confidence level.

RESULTS AND DISCUSSION

The oils obtained from the ‘Olivastra Seggianese’ cultivar,
as analyzed at the beginning of the experimentation (t0), had
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commodity characteristics that pointed to their high quality, in
accordance to EC 2568/91 and EC 1513/01 regulations. In
particular, as shown inTable 1, although both samples were
of high quality, there were differences between the single
parameters of the two oils. The organoleptic characteristics
(panel test) showed that oil A was more fruity and bitter than
oil B and that bitterness was intensively high for the former,
whereas it was judged to be low-medium for the latter (data
not shown). The total MPC values (Figure 1) of oil A were
higher than those of oil B, as reflected by their different
organoleptic characteristics. Accordingly, some recent works
on MPC studied the correlation between their concentration in
the oil and specific organoleptic properties: the molecules
responsible for bitter and pungent attributes appear to be the
secoiridoids containing tyrosol and 5-hydroxytyrosol (30). In
agreement with this hypothesis, oil A, which has a higher MPC
content, demonstrates “harder” organoleptic characteristics than
oil B, which has a lower MPC content and is endowed with
“smoother” organoleptic characteristics.

The oil samples, accurately stored (see Materials and
Methods), were tested for their stability over the 18 month
period. Analyses were performed at regular intervals, testing
commodity characteristics (Table 1), performing a panel test,
and measuring the MPC content (Figure 1). The commodity
characteristics (Table 1) were analyzed at the beginning and
after 9, 12, and 18 months. Many commodity standards classify
an olive oil as extra virgin; the chemical parameters we report
in this work, namely peroxides number, acidity, and∆K (Table
1), are indicators of oil stability and oxidation level. The
maximum limits, in accordance with the current regulations (IGP
Toscano), are as follows: 0.60% (expressed as oleic acid), 16
mEq 0.2/Kg, and 0.01 (2.50 for K232 and 0.22 for K270),
respectively. All the tested parameters complied with the IGP
and the European Community regulations (2081/92) over the
18 months. The panel test of the two oils revealed that the
organoleptic characteristics were maintained during the whole
period of our research, as no defects were detected at any time.
The higher polyphenol content oil (oil A) always exhibited a
higher fruity intensity than the other, but both of them were
suitable to be classified as extra virgin under the current
legislation (EC 2568/92).

The following compounds were identified by HPLC: 5-hy-
droxytyrosol, tyrosol, elenolic acid (EA), and two elenolic acid

derivatives calculated as a sum (EA der.), deacetoxy-oleuropein
aglycone (DacOLagl), oleuropein aglycone, four secoiridoids
derivatives calculated as a sum (secoir. der.), and the flavones
luteolin and apigenin. During the whole 18 months, the most
represented components were DacOLagl, oleuropein aglycone,
and the secoir. der., as previously reported for Italian virgin
olive oils (18, 31).

Figure 1 reports the total MPC content of the EVOOs
samples at different times: att0 and after 6, 9, 12, and 18
months. In every stage of the trial, oil A exhibited a higher
total MPC content as compared with oil B. The total MPC
amount decreased over time (Figure 2), following well-fitting
first-order kinetics, as already reported by Gutierrez and
Fernandez (32). The rate of MPC decrease (Figure 2) of oil A
was lower than that of oil B (lower initial amount of MPC); in
particular, after 18 months, oil A lost 22% of its MPC whereas
oil B lost 48% of their initial concentration.

Recent works were published on the relation between oil
stability and antioxidants (namely, MPC andR-tocopherol)
content. Hrncirik and Fritsche studied three extra virgin olive
oils subjected to accelerated (60°C) storage conditions, which
in 88 days exhibited an 88% decrease of both MPC and
R-tocopherol content (9). Gutierrez and Fernandez studied two
different storage conditions (2°C with darkness and 30°C with
illumination): R-tocopherol and MPC concentrations were stable
and decreased by 10%, respectively, at 2°C (32). In our work
we employed a novel method of storage, by using glass bottles,
which screen EVOO from 99.99% UV light radiation. Consid-
ering the individual MPC of the two oils (Figure 1), the class
of molecules that plays the major role in the decrease of total
MPC of both oils is secoir. der., DacOLagl, and oleuropein
aglycone. In fact, if we consider the total amounts of those
compounds, evaluated for each time of the trial, a decrease, as
compared to the total MPC, of 50% for oil A and of 60% for
oil B was recorded: this reduction was mainly due to DacOLagl.
The decrease of those three molecules (secoir. der., DacOLagl,
and oleuropein aglycone) was presumably due to their hydroly-
sis, as a correlation with a concomitant increase in tyrosol and
5-hydroxytyrosol was noted.

The evaluation of the percentage of hydrolysis is a parameter
recently taken into consideration to monitor the rate of oil aging
(18), and it is estimated as the percentage of tyrosol+
5-hydroxytyrosol over total MPC.Figure 1 reports the percent-

Table 1. Commodity Characteristics of Oils A and B, Evaluated at Different Times Starting from the Blending (t0)a

t0 9 months 12 months 18 months

oil A
acidity % 0.36 (0.06) 0.37 (0.06) 0.37 (0.05) 0.33 (0.03)
no peroxides 6.2 (1) 13 (1) 13 (1) 11.5 (0.5)
K 232 1.964 (0.037) 2.015 (0.047) 2.262 (0.033) 1.775 (0.026)
K 262 0.127 (0.012) 0.192 (0.013) 0.177 (0.046) 0.3 (0.119)
K 268 0.117 (0.013) 0.183 (0.012) 0.17 (0.053) 0.283 (0.097)
K 270 0.116 (0.013) 0.183 (0.012) 0.171 (0.054) 0.29 (0.101)
K 274 0.116 (0.012) 0.183 (0.012) 0.168 (0.055) 0.279 (0.091)
∆K −0.005 (0.002) −0.004 (0.001) −0.002 (0.002) −0.009 (0.011)

oil B
acidity % 0.39 (0.05) 0.41 (0.05) 0.44 (0.06) 0.40 (0.010)
no peroxides 8.6 (1.6) 10.1 (1.9) 9.2 (0.550) 9.9 (2.150)
K 232 1.973 (0.114) 2.234 (0.105) 2.088 (0.115) 1.988 (0.012)
K 262 0.132 (0.023) 0.186 (0.024) 0.175 (0.043) 0.175 (0.014)
K 268 0.122 (0.023) 0.176 (0.023) 0.17 (0.049) 0.177 (0.013)
K 270 0.12 (0.024) 0.176 (0.023) 0.17 (0.050) 0.177 (0.012)
K 274 0.121 (0.032) 0.174 (0.023) 0.167 (0.046) 0.176 (0.014)
∆K −0.0045 (0.001) −0.004 (0) −0.004 (0.001) 0.001 (0.001)

a Data are the means (SD) of three determinations, each performed in triplicate.

Evolution of Bottled Olive Oil Phenolics C



age of hydrolysis of the A and B oils, evaluated at the different
times of the trial: the recorded values were quite homogeneous
during the first 12 months, whereas a steep rise between 12
and 18 months was recorded. However, this parameter alone is
not sufficient to assess oil stability in time because 5-hydroxy-
tyrosol concentrations do not exhibit a regular time-wise trend
(7).

Statistical Analyses.Statistical parameters are reported in
Table 2. The two oils (A and B), obtained after mixing bulks
containing fruits at different ripening stages (t0) in order to obtain
different products (accordingly, thepanel testreported different

characteristics of the two oils), had significantly different total
MPC contents (p ) 0.002). The difference was mainly due to
the total secoiridoid derivatives (sum secoir) calculated as sum
of DacOLagl, secoir. der., and oleuropein; variations were
present in the levels of DacOLagl, secoir. der., and oleuropein
(Figure 1). The two commercial products we tested were then
truly different, the difference being mainly due to the secoiri-
doids.

In order to determine which class of molecules should be
best selected to evaluate stability over time, the individual MPC
concentrations over the 18 months were statistically compared.
The molecules that showed highly significant differences in
values within the 18 month period of the research (Table 2)
were the secoiridoids (sum secoir), particularly DacOLagl (p
) 0.003). Concentrations of tyrosol and 5-hydroxytyrosol were
quite stable within the first 12 months and then rapidly decreased
between 12 and 18 months. The tyrosol content, although less
sensitive than DacOLagl, can be used as another indicator of
stability, since its diminishing over time was 97% significant
(p ) 0.029).

Evaluation of Antioxidant and Antiradical Activity. The
increasing interest for the antioxidant properties of natural
compounds and food components is due to their hypothetical

Figure 1. Minor polar compounds (MPC) evaluated at different times, starting from the blending (t0), in mg L-1. Data are the means of three determinations,
each performed in triplicate; SE was in the range 1−3%; *molecules composed by a secoiridoidic group bound to tyrosol or 5-hydroxytyrosol; EA der.:
elenolic acid derivatives; DacOLagl: deacetoxy-oleuropein aglycone; total MPC: sum of single MPC.

Figure 2. Total MPC concentration of oils A and B. Data are the means
of three determinations, each performed in triplicate; SE was in the range
1−3%.
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prevention of the deleterious effects of free radicals on the
human body and of the oxidation of fats and other constituents
of food.

Currently, the market prefers antioxidants from natural rather
than from synthetic sources (33). In this respect, olive oil
phenolic constituents are being actively investigated, as ac-
cumulating in vitro and in vivo data demonstrate their biological
activities and suggest that they might play a role in the lower
incidence of cardiovascular diseases observed in the Mediter-
ranean area (11).

To our knowledge, this is the first report that comprises MPC
content, biological, and organoleptic properties during olive oil
stability evaluation. When tested on LDL oxidation, i.e., one
of the early steps in atherogenesis (34), both phenolic extracts
(Table 3) retained their antioxidant properties after 12 months
(at concentrations of 5× 10-6 to 10-5 M). However, all the
extracts exhibited, at baseline, pro-oxidant activities at low
concentrations, probably due to the strong reducing proprieties
of the extracts that, at low concentrations, can accelerate, but
not inhibit, the starting phases of the oxidation process.
Conversely, after 12 months an antioxidant activity was
recorded, possibly due to the release of free 5-hydroxytyrosol
from secoiridoids. Last, higher concentrations exhibit marked
antioxidant activities. Indeed, oil A extract was more potent
compared with oil B extract, confirming how the antioxidant
potency was dose-dependently related with total MPC, as
previously reported (35). In fact, Franconi et al. (35). studied
the antioxidant activity of oil extracts on human LDL, as

evaluated by measuring malondialdehyde and conjugate diene
formation induced by copper ions. In both tests, the oil extracts
dose-dependently reduced malondialdehyde and conjugate diene
generation.

The free radical scavenging activities of the phenolic extracts
were also tested att0 and after 12 months of storage, by means
of the DPPH• test. As shown inTable 3, this potent scavenging
activity (EC50s in the 10-7 M range) was maintained at 12
months, indicating proper storage conditions. In turn, the
antioxidant and free radical scavenging properties of the two
oils remained stable during the 12 months preservation period,
indicating that the decrease observed in the MPC content does
not appreciably diminish the beneficial properties of the oils.

In conclusion, this paper reports on the study of two EVOOs
from the Seggianese cultivar, with different organoleptic features
and MPC content, bottled into 100 mL bottles made of special
UV-filtering, capped with nitrogen, and sealed with synthetic
stoppers. Under these packaging conditions, the MPC content,
the biological properties, and the organoleptic characteristics
of the two EVOOs were rather stable for 12 months after
bottling. Statistical analyses indicated that secoiridoids, par-
ticularly DacOLagl, should be selected to evaluate EVOO
stability during storage; the antioxidant activity toward human
LDL was linked to MPC content and to storage time. The tests
on the stable free radical DPPH• confirmed the results on human
LDL, and we propose it as a method to evaluate olive oil quality
and stability.

In synthesis, the long-term preservation of the potentially
beneficial properties of olive oil and of its organoleptic
characteristics, so much appreciated by consumers, might be
improved by optimizing all of the production steps, with special
attention paid to bottling.

ABBREVIATIONS USED

EVOO, extra virgin olive oil; MPC, minor polar phenolic
compounds; HPLC/DAD/MS, high performance liquid chro-
matography/diode array detection/mass spectrometry; LDL,
human low density lipoproteins; DPPH•, 1,1-diphenyl-2-pic-
rylhydrazil radical; DacOLagl, deacetoxy-oleuropein aglycone;
EA der., elenolic acid derivatives; secoir. der., secoiridoid
derivatives.

LITERATURE CITED

(1) OliVe Oil. Chemistry and Technology, 2nd ed.; Boskou, D., Ed.;
AOCS Press, 2006

(2) Papadopulos, G.; Boskou, D. Antioxidant effect of natural
phenols on olive oil.J. Am. Oil Chem. Soc.1991, 68, 669-671.

Table 2. Statistical Analyses of Single and Total MPC (mg/L-1)

source
of

variation
total
MPC

5-
hydroxy-tyrosol tyrosol

EA
der. EA

DacO-
Lagl

secoir.
der.

oleuropein
aglyco ne luteolin EA der. + EA

sum
secoir.

oil
A 310.4 10.16 8.94 6.79 19.96 63.68 168.2 32.48 0.198 26.76 264.4
B 218.8 5.60 6.08 5.47 17.20 43.09 118.6 22.30 0.476 22.68 184.0

F ratio 50.6 1.49 1.72 3.56 1.04 59.04 17.61 8.53 1.86 1.78 72.33
p 0.002 0.289 0.259 0.132 0.366 0.002 0.014 0.043 0.244 0.253 0.001
time

0 329.9 3.11 4.28 9.60 16.97 76.36 191.3 28.03 0.35 26.57 295.7
6 290.1 3.69 4.35 10.99 18.85 58.85 165.7 27.48 0.22 29.85 252.0
9 264.8 3.55 4.16 3.51 18.23 52.37 146.9 35.56 0.51 21.75 234.8
12 220.5 3.24 4.42 2.84 18.43 47.44 126.7 17.09 0.38 21.26 191.2
18 217.8 25.86 20.33 3.74 20.44 31.91 86.5 28.78 0.23 24.18 147.2

F ratio 10.9 5.82 8.66 23.96 0.17 29.40 9.02 2.89 0.27 1.09 29.11
p 0.019 0.058 0.029 0.005 0.942 0.003 0.028 0.165 0.880 0.469 0.003

Table 3. LDL and DPPH• Tests

sample
nmol TBARS/

mg LDL sample
EC50

DPPH test

at t0
oxidized 18.72 ± 2.11
oil A 10-5 M 0.64 ± 0.03 oil A 7.89 × 10-7

oil A 5 × 10-6 M 4.27 ± 0.91
oil A 10-6 M 23.34 ± 1.65
oil B 10-5 M 1.55 ± 0.23 oil B 2.78 × 10-6

oil B 5 × 10-6 M 17.44 ± 1.32
oil B 10-6 M 22.44 ± 1.88

after 12 months
oxidized 19.37 ± 2.86
oil A 10-5 M 0.28 ± 0.12 oil A 3.45 × 10-7

oil A 5 × 10-6 M 3.65 ± 1.32
oil A 10-6 M 18.25 ± 2.01
oil B 10-5 M 0.87 ± 0.63 oil B 5.67 × 10-7

oil B 5 × 10-6 M 3.99 ± 0.66
oil B 10-6 M 16.12 ± 1.05

Evolution of Bottled Olive Oil Phenolics E



(3) Montedoro, G.; Servili, M.; Baldioli, M.; Selvaggini, R.; Miniati,
E.; Macchioni, A. Simple and hydrolyzable compounds in virgin
olive oil. 3. Spectroscopic characterizations of the secoiridoids
derivatives.J. Agric. Food Chem.1993, 41, 2228-2234.

(4) Bateman, L. Olefin oxidation.Q. ReV. 1954, 8, 147-167.
(5) Cantarelli, C.; Montedoro, F. La previsione della stabilita` dell’olio

d’oliva (Forecast of olive oil stability).RiV. Ital. Sost. Grasse.
1965, 42, 298-308.

(6) Salvador, M. D.; Aranda, F.; Gomez-Alonso, S.; Fregapane, G.
Influence of extraction system, production year and area on
Cornicabra virgin olive oil: a study of five crop seasons.Food
Chem.2003, 80, 359-366.

(7) Cinquanta, L.; Esti, M.; La Notte, E. Evolution of phenolic
compounds in virgin olive oil during storage,J. Am. Oil Chem.
Soc.1997, 74, 10, 1259-1264.

(8) Campanella, L.; Favero, G.; Pastorino, M.; Tomassetti, M.
Monitoring the rancidification process in olive oils using a
biosensor operating in organic solvents.Biosens. Bioelectron.
1999, 14, 179-186.

(9) Hrncirik, K.; Fritsche, S. Relation between the endogenous
antioxidant system and the quality of extra virgin olive oil under
accelerated storage condition.J. Agric. Food Chem.2005, 53,
2103-21190.

(10) Brenes, M.; Garcia, A.; Garcia, P.; Garrido, A. Acid hydrolysis
of secoiridoid aglycons during storage of virgin olive oil.J. Agric.
Food Chem.2001, 49, 5609-5614.

(11) Visioli, F.; Poli, A.; Galli, C. Antioxidant and other biological
activities of phenols from olives and olive oil.Med. Res. ReV.
2002, 22, 1, 65-75.

(12) Angerosa, F.; D’Alessandro, N.; Konstantinou, P.; Di Giacinto,
L. GC-MS evaluation of phenolic compounds in virgin olive
oil. J. Agric. Food Chem.1995, 43, 1802-1807.

(13) Montedoro, G.; Servili, M.; Baldioli, M.; Miniati, E. Simple and
hydrolyzable phenolic compounds in virgin olive oil. 2. Initial
characterization of the hydrolyzable fraction.J. Agric. Food
Chem.1992, 40, 1577-1580.

(14) Okogeri, O.; Tasioula-Margari, M. Changes occurring in phenolic
compounds and alpha-tocopherol of virgin olive oil during
storage.J. Agric. Food Chem.2002, 50, 1077-80.

(15) Brenes, M.; Garcia, A.; Garsia, P.; Rios, J. J.; Carrido, A.
Phenolic compounds in Spanish olive oils.J. Agric. Food Chem.
1999, 47, 3535-3540.

(16) Owen, R. W.; Mier, W.; Giacosa, A.; Hull, W. E.; Spiegelhalder,
B.; Bartsch, H. Phenolic and lipid components of olive oil:
identification of lignans as major components of olive oil.Clin.
Chem.2000, 46, 976-988.

(17) Flamini, G.; Coini, P. L.; Morelli, I. Volatiles from leaves, fruits,
and virgin oil from Olea europaea cv. Olivastra Seggianese from
Italy. J. Agric. Food Chem.2003, 51, 1382-1386.

(18) Pinelli, P.; Galardi, C.; Mulinacci, N.; Vincieri, F. F.; Cimato,
A.; Romani, A. Minor polar compound and fatty acid analyses
in monocultivar virgin olive oils from Tuscany.Food Chem.
2003, 80, 331-336.

(19) Kalua, C. M.; Allen, M. S.; Bedgood, D. R., Jr.; Bishop, A. G.;
Prenzler, P. D. Discrimination of olive oils and fruits into
cultivars and maturity stages based on phenolic and volatile
compounds.J. Agric. Food Chem.2005, 53, 8054-8062.

(20) Amirante, P.; Catalano, P.; Amirante, R.; Clodoveo, M. L.,
Montel, G. L.; Leone, A.; Tamborrino, A. Prove sperimentali di
estrazione di oli da olive snocciolate (Experimental tests of olive
oil extraction from depitted olives).OliVe Olio. 2002, 6, 16-
22.

(21) Servili, M., Selvaggini, R.; Esposto, S.; Taticchi, A.; Montedoro,
G.; Morozzi, G. Health and sensory properties of virgin olive
oil hydrophilic phenols: agronomic and technological aspects
of production that affect their occurrence in the oil.J. Chro-
matogr. A.2004, 1054, 113-127.

(22) Mulinacci, N., Giaccherini, C., Innocenti, M.; Romani, A.;
Vincieri, F. F., Marotta, F.; Mattei, A. Analysis of extra virgin
olive oils from stoned olives.J. Sci. Food Agric.2005, 85, 662-
670.

(23) Mulinacci, N.; Giaccherini, C.; Ieri, F.; Romani, A.; Vincieri,
F. F. Evaluation of lignans and free and linked hydroxy-tyrosol
and tyrosol in extra virgin olive oil after hydrolysis processes.
J. Sci. Food Agric.2006, 86, 757-764.

(24) Romani, A.; Pinelli, P.; Mulinacci, N.; Galardi, C.; Vincieri, F.
F.; Liberatore, L.; Cichelli, A. HPLC and HRGC analyses of
polyphenols and secoiridoids in olive oil.Chromatographia2001,
53, 279-284.

(25) Romani, A.; Mulinacci, N.; Pinelli, P.; Vincieri, F. F.; Cimato,
A. Polyphenolic content in five tuscany cultivars ofOlea
europaea L. J. Agric. Food Chem.1999, 47, 964-967.

(26) Lowry, O. H.; Rosenbrough, N. J.; Farr, A. L.; Randall, R. Protein
measurement with the Folin phenol reagent.J. Biol. Chem.1951,
193, 265-275.

(27) Balla, G.; Jacob, H. S.; Eaton, J. W.; Belcher, J. D.; Vercellotti,
G. M. Hemin: a possible physiological mediator of low density
lipoprotein oxidation and endothelial injury.Arterioscler. Thromb.
1991, 11, 1700-1711.

(28) Brand-Williams, W.; Cuvelier, M. E. Use of a free radical method
to evaluate the antioxidant activity.Lebens.-Wiss. Technol.1995,
28, 25-30.

(29) Sanchez-Moreno, C.; Larrauri, J. A.; Saura-Calixto, F. A
procedure to measure the antiradical efficiency of polyphenols.
J. Sci. Food Agric.1998, 76, 270-276.

(30) Angerosa, F.; Mostallino, R.; Basti, C.; Vito, R. Virgin olive oil
odour notes: their relationships with volatile compounds from
the lipoxygenase pathway and secoiridoid compounds.Food
Chem.2000, 68, 283-287.

(31) Romani, A.; Pinelli, P.; Galardi, C.; Mulinacci, N.; Cimato, A.;
Prucher, D. Analysis of virgin olive oils of southern Italy:
chemical composition and sensory attributes. InBiologically-
actiVe phytochemicals in food; Pfannhauser, W., Fenwick, G.
R., Khokhar, S., Eds.; Royal Society of Chemistry, 2001; pp
186-189.

(32) Gutierrez, F.; Fernandez, J. Determination parameters and
components in the storage of virgin olive oil. Prediction of
storage time beyond which the oil is no longer of “extra” quality.
J. Agric. Food Chem.2002, 50, 571-577.

(33) Abdalla, A. E.; Roozen, J. P. Effect of plant extracts on the
oxidative stability of sunflower oil and emulsion.Food Chem.
1999, 64, 323-329.

(34) Stocker, R.; Keaney, J. F., Jr. Role of oxidative modifications
in atherosclerosis.Physiol. ReV. 2004, 84, 1381-1478.

(35) Franconi, F.; Coinu, R.; Carta, S.; Urgeghe, P. P.; Ieri, F.;
Mulinacci, N.; Romani, A. Antioxidant effect of two virgin olive
oils depends on the concentration and composition of minor polar
compounds.J. Agric. Food Chem.2006, 54, 3121-3125.

Received for review August 13, 2006. Revised manuscript received
December 5, 2006. Accepted December 17, 2006. This research was
supported by a grant from MIUR: PRIN 2005-2006. We express our
sincere gratitude to the Cassa di Risparmio di Firenze, which contrib-
uted to the acquisition of a part of the instrumentation used for this
work.

JF062335R

F PAGE EST: 5.9 Romani et al.


