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Virgin olive oil is one of the edible oils most 
consumed in the Mediterranean area. It can be 
used without any refining, when it retains its nat-
ural flavour and aroma [1]. Virgin olive oil is of 
a high biological value due to monounsaturated 
oleic acid and to its antioxidant contents. The 
main antioxidants of virgin olive oil are the phe-
nolic compounds and α-tocopherol. These com-
pounds are important for the sensory quality [1] 
and shelf life of oil [2]. Phenolic compounds play 
also a major role in preventing certain chronic hu-
man diseases. Specific health-promoting effects of 
olive oil phenolics include inhibition of the oxida-
tion of low-density lipoproteins (LDLs) thought 
to be involved in the onset of atherosclerosis [3]. 
These substances have also anticarcinogenic ac-
tivities [4]. 

The most important phenolic compounds in 
 olive oil are: the aldehydic form of oleuropein 
aglycon (AFOA), dialdehydic form of decarboxy-
lated oleuropein aglycon (DAFOA), aldehydic 
form of ligstroside aglycon (AFLA), dialdehy-
dic form of decarboxylated ligstroside aglycon 

(DAFLA), simple phenols (hydroxytyrosol, tyro-
sol, vanillic acid, p-coumaric acid, ferullic acid), 
flavonoids (luteolin, apigenin) and lignans (pinor-
esinol, 1-acetoxypinoresinol), [5, 6]. The concen-
tration of phenolic compounds in olive oil depends 
on the olive tree variety, the harvest and extraction 
processes [7, 8].

Virgin olive oil is used as a salad oil, often 
even after storage for a period of one year under 
environmental conditions. Several factors can 
influence the oxidative processes that extend or 
shorten the self-life of olive oil. The characteristic 
resistance to oxidation of virgin olive oil is related 
to its unique fatty acid composition in addition to 
minor components such as phenolic compounds 
and tocopherols, which may degrade to a certain 
degree [9–12].

Virgin olive oil is also consumed after domes-
tic heating, such as frying, boiling and oven heat-
ing. These processes reduce the amount of phe-
nolic compounds in the oil to a different degree, 
depending on different composition of virgin 
olive oil and different steps of treatment [13–16]. 
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resinol) was purchased from Separation Research 
(Turku, Finland).

Oil Treatment 

Storage
Virgin olive oil samples were filtered and 

stored in glass bottles (25 ml) with 1% and 3% 
headspace. The bottles were sealed and stored in 
the dark for 15 months, to simulate home storage 
conditions (20 °C ± 4 °C).

Boiling
Samples of 50 g of oil were poured into glass 

beakers (250 ml) and were heated at 100 °C. A wa-
ter bath was used to heat oil samples at 100 °C for 
different periods of time (1–4 h). The experiment 
was carried out in triplicate. Samples were heated 
in an oven at 100 °C for 24 h and 72 h, in order to 
increase the oxidized products concentration for 
identification purposes by HPLC-MS.

Frying
Samples of 50 g of oil were poured into glass 

beakers (250 ml) and were heated on a heat-
ing plate at 180 °C for different periods of time 
(10–60 min). A period of 10 min was needed to 
reach the temperature of 180 °C. The experiment 
was carried out in triplicate.

Determination of quality indices
The peroxide index, spectroscopic indices, free 

acidity and fatty acid composition analyses were 
carried out according to the methods described 
by European Community Regulation, standard 
methods [20].

Liquid-liquid extraction of phenolic compounds
An amount of 5.0 g of virgin olive oil was ex-

tracted using 3 × 5 ml of methanol. The combined 
extracts were brought to dryness and the residue 
was taken up in 5 ml acetonitrile. Washing with 
hexane (3 × 5 ml) was performed and the result-
ing acetonitrile solution was evaporated, giving 
a residue that was dissolved in 3 ml of a mixture of 
methanol and water (1:1, v/v).

GC apparatus
GC analysis was performed in a Fisons 

GC-9000 Series system (Milano, Italy) with a FID 
detector and a capillary column Carbowax (30 m × 
0.32 mm × 0.32 μm; Altech Associates, Deerfield, 
Illinois, USA).

HPLC apparatus
HPLC analysis was performed in a JASCO 

liquid chromatography system (Tokyo, Japan) 

However, hydroxytyrosol derivatives are less stable 
whereas tyrosol derivatives are more stable pheno-
lic compounds [13]. The reduction of polyphenols 
is responsible for the reduction of the nutritional 
value and quality of the oil. Moreover, the evolu-
tion of oxidation products of phenolic compounds 
in stored, thermooxidized [12, 17, 18] and olive oil 
used for frying have been reported [15, 16, 19].

In a previous work, the loss of phenolic com-
pounds during storage [9] and heating [13] of Lia-
nolia cultivar was studied. The aim of the present 
study is to extend this study to other heating treat-
ments and to the Koroneiki cultivar, because it is 
a wide-spread and the most important variety cul-
tivated in Greece. The degradation of different 
classes of phenolic compounds from virgin olive 
oil after heating, at boiling and frying tempera-
tures, as well as during storage under environmen-
tal conditions was studied. 

MATERIALS AND METHODS

Olive oil
Samples of virgin olive oil from Lianolia variety 

from the region of Preveza, and from Koroneiki 
variety from the region of Chania (Crete) and Ka-
lamata (Peloponnesus), Greece, were used. These 
cultivars were chosen as being representative of 
Greek olive oil production and because they have 
different fatty acid composition. The ratio of oleic : 
linoleic acids is higher in Koroneiki variety (12.66) 
than in Lianolia variety (6.59). The olives were 
collected during the period 2002/03 to 2004/05 
and they were processed using a three-phase cen-
trifugation system. Various local industrial olive 
oil mills supplied the samples. The samples were 
filtered and stored under N2 below –20 °C prior to 
analysis.

Reagents and standards
Acetonitrile, methanol, isopropanol (2-propa-

nol) and water were all of HPLC grade and were 
purchased from Merck (Darmstadt, Germany). 
Methanol, acetonitrile, and hexane for phenols 
extraction were pro-analysis grade and purchased 
from Merck. The standards used for identifica-
tion and quantification of phenolic compounds 
were: tyrosol (for expression of tyrosol deriva-
tives) purchased from Sigma-Aldrich (Steinheim, 
Germany), oleuropein-7-glycoside (for expression 
of hydroxytyrosol derivatives) from Extrasynthese 
(Genay, France), vanillic acid, p-coumaric acid, 
ferullic acid, luteolin and apigenin purchased 
from Merck-Schuchardt (Hohenbrunn, Germany) 
and pinoresinol (for expression of 1-acetoxipino-
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equipped with a PU-980 pump, a UV 970 (UV/vis) 
detector and a Rheodyne injection valve (20 μl 
loop). The columns used were Lichrospher 100RP-
18 column (4.0 mm id × 250 mm, particle size = 
5 μm; Merck) and Luna RP-C18 (4.6 mm id × 
250 mm, particle size = 5 μm; Phenomenex, Mac-
clesfield, United Kingdom).

LC-MS
LC-DAD-MS was performed in an Agilent 

1100 Series LC/MSD Trap, Model SL (Waldbronn, 
Germany) equipped with a thermostated column 
compartment 1100, diode array detector 1100 and 
a standard autosampler 1100. The mobile phase 
and the solvent gradient were the same as used in 
HPLC (see below). All of the analyses used the 
ion-spray source in the negative mode with the fol-
lowing settings: nebulizer gas (N2) 40.0 psi, drying 
gas 12 l·min-1 and drying gas temperature 350 °C. 
Target mass was 350 m/z. Full scan data were ac-
quired by scanning from m/z 50 to 800.

HPLC conditions
Detection was performed at 280 nm and 

340 nm. The elution solvents used were A (2% 
acetic acid in water) and B (mixture of methanol 
and acetonitrile, 1:1, v/v). The samples were elut-
ed by the following gradient: 95% A and 5% B as 
initial conditions, 70% A and 30% B for 25 min, 
65% A and 35% B for 25 min, 30% A and 70% B 
for 15 min, 0% A and 100% B for 5 min and, fi-
nally, 95% A and 5% B for 5 min. The flow rate 

was 1 ml.min-1 and run time 75 min. The analyses 
were run at room temperature. The sample injec-
tion volume was 20 μl.

Phenolic compounds were quantified as fol-
lows: Simple phenols were quantified using avail-
able commercial standards. Tyrosol was used for 
tyrosol derivatives quantification, multiplied by 
their molecular weight ratio (304:138 and 362:138 
for DAFLA and AFLA respectively). Oleuropein 
glycoside was used for hydroxytyrosol deriva-
tives quantification, multiplied by their molecular 
weight ratio (154:540, 320:540 and 378:540 for 
hydroxytyrosol, DAFOA and AFOA, respective-
ly). Pinoresinol was used for 1-acetoxypinoresi-
nol quantification, multiplied by their molecular 
weight ratio 358:416.

Statistical analysis
The chemical data were analysed using Statis-

tica 6.0 statistical software (Statsoft, Tulsa, Okla-
homa, USA). The significance of the differences 
of the means at a 5% level was determined using 
t-test.

RESULTS AND DISCUSSION 

Tab. 1 shows the quality characteristics (aver-
age values and ranges) of the analysed samples. 
The results for acid value, extinction coefficients, 
K232, K270 and peroxide values are within the limits 
stated in European Community Regulations [20], 

Tab. 1. Quality characteristics of olive oil samples from Lianolia and Koroneiki variety.

Lianolia (n = 20) Koroneiki (n = 20)

Average Range Average Range

Acidity [%] (expressed as % of oleic acid) 0.40 0.12–0.57 0.34 0.14–0.79
Peroxide Value [meq.kg-1] 6.67 3.42–10.91 11.47 9.24–13.00
K232 1.99 1.42–2.28 1.67 1.31–1.94
K270 0.14 0.09–0.18 0.13 0.09–0.17
Fatty acid composition [%]

C 16:0 13.52 12.35–15.27 12.53 11.36–13.38
C 16:1 1.44 0.90–1.78 1.02 0.70–1.89
C 18:0 2.06 1.75–2.66 2.70 2.38–3.08
C 18:1 70.41 67.33–74.43 76.22 75.12–78.48
C 18:2 10.69 7.81–12.55 6.02 4.98–7.13
C 18:3 0.90 0.71–1.05 0.73 0.27–1.12

Phenolic Compounds a [mg·kg-1]
Hydroxytyrosol derivatives b 124.53 18.67–414.45 109.7 27.49–410.85
Tyrosol derivatives c 118.57 51.47–450.54 114.69 67.33–304.23
Lignans d 7.92 4.16–10.09 15.73 9.8–33.74
Flavonoids e 2.87 1.14–3.99 2.00 0.16–4.58
Simple phenols f 0.42 0.00–1.00 0.16 0.00–0.38

a – concentrations were expressed as mg standard compound in kg of olive oil, b – hydroxytyrosol, DAFOA, AFOA, c – tyrosol, 
DAFLA, AFLA, d – 1-acetoxypinoresinol, e – apigenin, luteolin, f – p-coumaric acid, ferullic acid, vanillic acid.



Daskalaki, D. et al. J. Food Nutr. Res., 48, 2009, pp. 31–41

34

Fig. 1. Separation of the phenolic fraction from Koroneiki variety olive oil by reversed-phase HPLC.
Peaks: 1 – hydroxytyrosol, 2 – tyrosol, 3 – internal standard (p-hydroxyphenyl-acetic acid), 4 – vanillic acid, 5 – p-coumaric acid, 
6 – ferullic acid, 7 – DAFOA, 8 – isomeric form of DAFOA, 9 – DAFLA, 10 – 1-acetoxypinoresinol, 11 – luteolin, 12  – AFOA, 
13 – apigenin, 14 – AFLA. I – oxidized product I.

Fig. 2. Separation of the phenolic fraction of Lianolia variety olive oil by reversed-phase HPLC. 
Peaks: 1 – hydroxytyrosol, 2 – tyrosol, 3 – internal standard (p-hydroxyphenyl-acetic acid), 4 – vanillic acid, 5 – p-coumaric 
acid, 6 – ferullic acid, 7 – DAFOA, 8 – isomeric form of DAFOA, 9 – DAFLA, 10 – 1-acetoxypinoresinol, 11 – luteolin, 12 – AFOA, 
13 – apigenin, 14 – AFLA.

Tab. 2. Quality characteristics for olive oil samples before and after heating.

Time [min] Free acidity* [%]
Peroxide Value 

[meq.kg-1]
K232 K270

Sample 1: Lianolia variety olive oil

Initial 0 0.33 ± 0.01 9.73 ± 0.2 1.81 ± 0.03 0.18 ± 0.02

Frying 180 °C
10 0.33 ± 0.01 12.07 ± 0.3 2.13 ± 0.03 0.50 ± 0.02 
30 0.33 ± 0.01 11.91 ± 0.3 3.34 ± 0.05 1.03 ± 0.03
60 0.60 ± 0.01 15.25 ± 0.3 6.35 ± 0.08 1.38 ± 0.04

Boiling 100 °C
120 0.35 ± 0.01 10.01 ± 0.3 2.40 ± 0.03 0.28 ± 0.02
240 0.35 ± 0.01 11.32 ± 0.3 4.01 ± 0.03 0.40 ± 0.02

Sample 2: Koroneiki variety olive oil

Initial 0 0.65 ± 0.01 7.89 ± 0.2 1.85 ± 0.03 0.12 ± 0.02

Frying 180 °C
10 0.65 ± 0.01 9.25 ± 0.3 2.15 ± 0.03 0.42 ± 0.02
30 0.70 ± 0.01 12.36 ± 0.3 4.65 ± 0.06 0.81 ± 0.02
60 0.70 ± 0.01 16.21 ± 0.3 6.39 ± 0.08 1.04 ± 0.03

Boiling 100 °C
120 0.70 ± 0.01 9.01 ± 0.2 2.22 ± 0.03 0.20 ± 0.02
240 0.70 ± 0.01 10.32  ± 0.3 3.76 ± 0.03 0.34 ± 0.02

* – expressed as % of oleic acid.
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implying that all the oils sampled were of extra vir-
gin quality for both varieties. Koroneiki, which is 
a wide-spread variety in Greece, has a high oleic 
acid : linoleic acid ratio (12.6), whereas Lianolia, 
which is a local variety cultivated in Preveza (Epi-
rus) and Corfu, has a low oleic acid : linoleic acid 
ratio (6.6).

Fig. 1 and Fig. 2 show representative HPLC 
chromatograms of the phenolic compounds from 
Koroneiki and Lianolia variety. The phenolic com-
pounds that were quantified and identified in all 
samples were: tyrosol, hydroxytyrosol, vanillic acid, 
p-coumaric acid, ferullic acid, DAFOA, AFOA, 
DAFLA, AFLA, 1-acetoxypinoresinol, luteolin 
and apigenin [6, 21]. The phenolic compounds 
were classified as simple (vanillic acid, p-coumaric 
acid, ferullic acid), hydroxytyrosol derivatives (hy-
droxytyrosol, DAFOA, AFOA), tyrosol derivatives 
(tyrosol, AFOA, AFLA), lignans (1-acetoxypin-
oresinol) and flavonoids (luteolin, apigenin; 
Tab. 1). Similar phenolic compounds profile has 
been reported for the main Spanish varieties such 
as Picual, Picudo, Cornicabra, Arbequina, Empel-
tre and Hojiblanca [22]. Although the concentra-
tions of the above phenols ranged widely between 
different samples, the main phenolic compounds 
in both varieties were tyrosol and hydroxytyrosol 
derivatives, similar to the results reported previ-
ously [21]. High contents of pinoresinol have been 
reported for Spanish and Italian cultivars [23], 
whereas negligible amounts were found to be pres-
ent in Greek varieties studied in the present work 
(pinoresinol is not shown in Fig. 1 and Fig. 2, it 
elutes between DAFLA and 1-acetoxypinoresinol). 
The Koroneiki variety contained a higher amount 
of lignans, consisting mainly from 1-acetoxypino-
resinol, compared to Lianolia, whereas both va-
rieties contained low amounts of simple phenols 

(vanillic, p-coumaric and ferullic acid) and flavo-
noids (apigenin and luteolin).

Tab. 2 shows the quality characteristics dur-
ing thermal treatment simulating frying condi-
tions (180 °C) and boiling (100 °C). In general, 
no changes were observed in acidity values. The 
highest peroxide values were recorded for samples 
heated at 180 °C. However, values recorded at both 
temperatures were below 20 meq.kg-1. On the con-
trary, the spectroscopic index K232 was higher than 
the upper limit of 2.60, at both frying and boiling 
temperatures, due to hydroperoxides decomposi-
tion, while conjugating dienes, measured by K232, 
steady accumulated. Changes in the content of 
carbonyls, as measured by the spectroscopic index 
K270, recorded higher values at frying than at boil-
ing due to greater hydroperoxides degradation at 
the higher temperature.

Phenolic compounds changes 
during frying at 180 °C

The degradation profiles of phenolic com-
pounds during frying are depicted in Fig. 3 and 
Fig. 4 along with the standard deviations which 
were lower than 10%. The phenolic content analy-
sis of virgin olive oils from Lianolia and Koroneiki 
varieties, heated at 180 °C, revealed a decrease 
in phenolic compounds with the frying time, but 
this reduction was different for individual com-
pounds. The content of hydroxytyrosol derivatives 
statistically significantly (p < 0.005) decreased, 
after 30 min of frying, 60% of hydroxytyrosol de-
rivatives were lost. In contrast, contents of tyrosol 
derivatives and lignans seemed stable, after the 
same period of frying and no statistically signifi-
cant (p > 0.005) differences were observed. After 
60 min of frying, statistically significant differences 
were observed for both of them (p < 0.005). Less 

Fig. 3. Changes in phenolic compounds of virgin olive 
oil from Lianolia variety during frying at 180 °C.

Fig. 4. Changes in phenolic compounds of virgin olive 
oil from Koroneiki variety during frying at 180 °C.
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than 10% of hydroxytyrosol derivatives and 60% 
of tyrosol derivatives remained, whereas lignans 
remained unchanged in the oil (no statistically sig-
nificant differences were observed at p > 0.005). 
The rate of hydroxytyrosol derivatives degradation 
was higher (higher slope) in Lianolia variety with 
a greater initial phenol content, than in Koroneiki. 
Similar trends for the reduction of the main group 
of phenolic compounds (hydroxytyrosol deriva-
tives consumed after 2 h, tyrosol derivatives and 
lignans more stable) were reported for an Ital-
ian extra virgin olive oil (Bertolli oil) subjected to 
thermal treatment in an oven at 180 °C [16]. How-
ever, findings reported in the literature for Arbe-
quina and Picual oil, which are the most popular 
varieties in Spain, resulted in a minor loss of 
polyphenols compared to our results [15]. In this 
case, total loss of orthodiphenols was achieved in 
a longer period of time (5–15 h). Although Picual 
oil has a higher oleic : linoleic acid ratio, (oleic : 
linoleic acid ratio is 24) than Koroneiki oil (oleic : 
linoleic acid ratio is 12), it must be noted that in 
this work a different quantity of olive oil (different 
surface : volume ratio) was subjected to treatment 
in a Rancimat apparatus at 180 °C. Moreover, in 
the above-mentioned work, the content of hy-
droxytyrosol and tyrosol derivatives seemed to get 

increased significantly in oils during the first 5 h of 
heating. Apparently, the oxidized products formed 
during heating coeluted and were determined with 
DAFOA and DAFLA, respectively. The evolution 
of oxidized phenolic compounds was observed in 
our work for both heating and storage conditions 
and is depicted in Fig. 5 and Fig. 6.

Phenolic compounds changes 
during heating at 100 °C

During heating at 100 °C, simulating boiling 
conditions, all the phenolic compounds appeared 
to be stable. The results are shown in Fig. 7 and 
Fig. 8 along with the mean standard deviations, 
which were lower than 10%. Even after 4 h of 
heating, only hydroxytyrosol derivatives decreased 
statistically significantly (p < 0.005) by 20%, while 
all the other phenols remained at their initial levels 
in both varieties (no statistically significant differ-
ences were observed at p > 0.005). Similar results 
were obtained in our previous work when the oil 
was heated in an oven for a period over 9 h [13]. 
It is reported in the literature that when boiling 
a mixture of virgin olive oil and water in a pressure 
cooker for 30 min, hydrolysis of hydroxytyrosol and 
tyrosol derivatives at pH lower than 6 occurs with-
out further degradation of the hydrolysed phenols 

Fig. 5. Evolution of oxidized products during heating at 100 °C.
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[15]. In conclusion, minor losses in phenolic com-
pounds are observed during heating at boiling tem-
peratures. This is of a great importance because in 
recent years, much attention has been paid to the 
beneficial effects of phenolic compounds [8, 24].

Phenolic compounds changes during storage
During storage for 15 months, the peroxide 

value did not exceed the upper limit of 20 meq.kg-1 
(set by the European Community Regulation [20]) 
for the majority of samples, namely, 10 samples 

from Koroneiki (Group 1) and 8 samples from Lia-
nolia variety (Group 2). Only two samples from 
Lianolia variety (Group 3) exceeded the upper 
limit of 20 meq.kg-1. Lianolia is more susceptible 
to oxidative degradation than Koroneiki due to its 
higher linoleic acid content (9% versus 5%). Rep-
resentative samples from each group with the maxi-
mum increase in peroxide values were selected, 
and their results are shown in Tab. 3. Changes oc-
curring in phenolic compounds are dependent on 
the peroxide value. When the peroxide value did 

Fig. 6. Evolution of oxidized products during storage.
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not exceed the upper limit of 20 meq.kg-1 (sam-
ples 1 and 2), approximately 60–75% of hydroxy-
tyrosol derivatives and 80–95% tyrosol derivatives 
remained in the oil. Lignans remained unchanged. 
At a peroxide value of 58 meq.kg-1 (sample 3), 
30% of hydroxytyrosol derivatives, 70% tyrosol 
derivatives and 100% lignans remained in the oil. 
In a previous work, samples from Lianolia variety, 
stored in glass bottles in the dark, exceeded the up-
per limit of peroxide value after 7.7 months (mean 
value), corresponding to a loss of 60% in hydroxy-
tyrosol derivatives and 40% in total phenols [9]. In 
that case the bottles’ headspace was 3% whereas 
in the current work, the headspace is approximate-
ly 1.5% for group 1 and 2, and 3% for group 3. 
When Cornicabra oil from Spain, having a ratio of 
oleic acid : linoleic acid of 20, was stored at 4 °C 
in darkness without headspace, the oils did not 
exceed the upper limit of 20 meq.kg-1 during the 
storage period of 21 months. The reduction of to-
tal phenolic compounds ranged in that work from 
43% to 73% [11]. In another study, using olive oil 

from Arbequina variety with the fatty acid compo-
sition similar to Lianolia variety, a noticeable de-
crease was observed in hydroxytyrosol derivatives 
after 12 months of storage [25]. The oxidative sta-
bility of virgin olive oils correlates mainly with hy-
droxytyrosol derivatives and, consequently, these 
compounds are the first to be oxidized [2, 13]. 
Therefore, the oxygen availability and temperature 
are two important parameters for olive oil stabil-
ity during storage [26]. The phenolic compounds 
maintenance can be achieved by oxygen exclusion 
by storage under nitrogen, in particular for the oils 
having a low oleic : linoleic acid ratio. Otherwise, 
more than 40% may be lost during the one year 
storage of olive oil. 

Moreover, two oxidized phenolic com-
pounds were detected and quantified (Tab. 3, 
Fig. 6). Values recorded ranged from 0 mg.kg-1 to 
20 mg.kg-1 for the oxidized product I, and from 
0 mg.kg-1 to 11 mg.kg-1 for the oxidized product II. 
Even though the highest values were recorded for 
the samples having the highest peroxide values, 

Fig. 7. Changes in phenolic compounds of virgin olive 
oil from Lianolia variety during heating at 100 °C.

Fig. 8. Changes in phenolic compounds of virgin olive 
oil from Koroneiki variety during heating at 100 °C.

Tab. 3. Changes in phenolic compounds of virgin olive oils during storage.

Samples
Storage 

time 
[months]

Peroxide 
value 

[meq.kg-1]

Hydroxytyrosol 
derivatives a 
[mg.kg-1]

Oxidized 
product 

I

Tyrosol 
derivatives b 

[mg.kg-1]

Oxidized 
product 

II

Lignans c 
[mg.kg-1]

Flavonoids d 
[mg.kg-1]

Simple 
phenols e 
[mg.kg-1]

Lianolia 
1

0 7.12 144.02 0.00 90.48 0.00 7.84 2.71 0.87
15 14.01 82.17 19.81 80.59 8.21 7.79 1.06 0.29

Koroneiki 
2

0 7.89 80.41 0.00 128.53 0.00 9.60 5.96 0.21
15 16.21 64.37 5.55 120.38 2.10 8.27 4.92 0.15

Lianolia 
3

0 6.92 105.14 0.00 91.32 0.00 8.76 2.41 0.30
3 17.5 91.42 2.09 87.42 0.00 8.75 1.91 0.28
9 39.0 52.6 10.68 72.7 8.07 8.47 1.61 0.26

15 58.8 37.74 13.35 64.29 10.94 8.12 1.21 0.20

Concentrations of phenolic compounds were expressed as mg standard compound in kg of olive oil.
a – hydroxytyrosol, DAFOA, AFOA, b – tyrosol, DAFLA, AFLA, c – 1-acetoxypinoresinol, d – apigenin, luteolin, e – p-coumaric 
acid, ferullic acid, vanillic acid. 
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there was no clear relationship between them 
and the oxidized products concentration. Decar-
boxymethylation of secoiridoids and further hy-
drolysis of phenolic esters occurred during the 
first six months of storage in Frantoio/Leccino and 
Coratina curtivars, whereas oxidation products 
were detected after 9 months of storage [12].

In order to confirm the structure of oxidation 
products (Fig. 5), HPLC-MS in negative mode was 
used. Phenolic compounds give peaks of a lower 
intensity in the negative than in the positive ion 

mode. Nevertheless, cleaner spectra are obtained 
in the negative mode. Identification of phenolic 
compounds was based on pseudomolecular [M-H] 
ions, dimers and fragments [27].

The most abundant oleuropein derivative 
(peak 7, Fig. 1) had a deprotonated molecule at 
m/z = 319, corresponding to DAFOA (Fig. 9). 
The ion of m/z = 639 is the dimer of the ion of 
m/z = 319. The ion of m/z = 195 can be explained 
as a hydroxytyrosol acetate fragment and the ion 
of m/z = 165 as the residue after the loss of hy-

Fig. 9. Mass spectra obtained in the negative mode for dialdehydic form 
of oleuropein aglycon and its oxidation product.

Fig. 10. Mass spectra obtained in the negative mode for dialdehydic form 
of ligstroside aglycon and its oxidation product.
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droxytyrosol. Mass spectra of oxidation product 
I (Fig. 9) showed a characteristic product ion at 
m/z = 335, explained as the ion of m/z = 319 + 
oxy gen, with no further fragmentation.

The most abundant ligstroside derivative 
(peak 9, Fig. 1) had a deprotonated molecule at 
m/z = 303, corresponding to DAFLA (Fig. 10). 
The ion of m/z = 607 is the dimer of the ion of 
m/z = 303, and the characteristic product ion of 
m/z = 165 can be explained by the loss of tyro-
sol. Mass spectra of oxidation product II showed 
a characteristic product ion at m/z = 319 (the 
ion of m/z = 303 + oxygen), with a further frag-
mentation at m/z = 181, which can be the decar-
boxylated elenolic acid. The dimer ion of m/z = 
639 originates from the ion of m/z = 319. These 
findings are in accordance with mass spectra given 
in the literature for these oxidized products [18, 
19]. It must be noted that oxidation product II 
has the same retention time with pinoresinol in 
both HPLC columns used for the phenolic com-
pounds separation (Lichrospher and Luna). Dis-
crepancies in the lignans concentration, observed 
in a previous work using NMR spectroscopy and 
HPLC-UV, may be due to the false estimation of 
oxidized product II as pinoresinol [28]. Formation 
of oxidized products and their estimation along 
with non-oxidized DAFOA may be the reason for 
discrepancies referred to recently in the literature. 
These stated that among the different classes of 
phenolic compounds, o-diphenols displayed the 
highest microwave heating resistance during the 
entire time range of application of 15 min [29]. 
Actually, the oil used in this study was not a virgin 
olive oil, as the recorded peroxide value was high-
er than the upper limit of 20 meq.kg-1. Moreover, 
the wide peak of DAFOA and the low amounts 
of both tyrosol and hydroxytyrosol derivatives ob-
served in this study indicated that a high degree of 
oxidation occured.

CONCLUSIONS 

During frying (180 °C, 1 h), the content of 
phenolic compounds in the olive oil was remark-
ably reduced, especially for hydroxytyrosol deriva-
tives, for which 90% were lost. Tyrosol derivatives 
and lignans appeared to be stable. During boiling 
(100 °C, 2 h), all phenolic compounds remained 
stable (only 20% were lost). When virgin olive oil 
is stored under environmental conditions in the 
dark, the reduction of phenolic compounds de-
pends on olive oil unsaturation, headspace oxygen 
availability and temperature, which are factors that 
affect the hydroperoxides’ formation. Precautions 

must be taken in order to avoid oxidation during 
storage, which mainly affect hydroxytyrosol deriva-
tives. These findings illustrate the need to exclude 
oxygen from bottles’ headspace during storage, es-
pecially for oils with a high linoleic acid content, in 
order to maintain their nutritional value.
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