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Abstract:

The study of the antioxidant effects of biephenclic compounds is supperted by the current interest in
natural products and the on-going replacement of synthetic antioxidants by naturzl antioxidants from
plant sources. This research was focused on the enrichment of clive oil matrices with individual
coempounds from the phenslic fraction of virgin clive oil, and the evaluation of its antioxidant capacity in
order to discover possible functional applications in food. Two commercial extra virgin olive oil matrices
(EVDQ) from Arbequina and Morrut cultivars were used to perform the antioxidants assays through
enrichment with different phenclics. They differed in their percentages of zaturated, moncunsaturated
and polyunsaturated fatty acid content. Diverse concentrations of individual phenclic compounds
(commercial standards and isclated from wvirgin olive oil by zemipreparative HPLC) were added to the
ipid matrices, and the antioxidant activity | . expressed as oxidative stability in hours, was
determined. Regression analysis was carried out to evaluate the correlation betwesn the induction time
(IT) (hours) and the enrichment concentration of individual phencls. A positive linsar trend was
established between IT and the cencentration of phenol with a good correlation ceefficient (r® 2 0.90)
and higher slope for gallic acid and luteolin compounds.
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Introduction

Phenclic compounds, as a diverse range of
secondary metabolites from  the shikimate
pathway and phenylpropanoid metabolism,
play an important role on human health.
Interest in phenolic compounds has been
increased during last years since they have
petential  antioxidant activity and potential
effects against degenerztive illness.
Polyphenols are significant in  olive fruit
because of their wide range of biochemical and
pharmaceutical effects such as
anticarcinogenic, antiatherogenic and
antimicrobial [1-3]. Some authors have
estimated their contribution to the increase of
cil stability close to 30% in terms of induction
time [4].

Free radicals are formed as natural by-
preducts when the human bedy converts
oxygen into energy. However,  their
cverproduction asz well as the exposure to
various  environmentsl  factors  such  as
pollution, smcke and pesticides causes
damage to the body. This process, known as
oxidation, causes harm to cells and can
centribute  te any number of debilitating
diseases, including cancer and heart disease.
Antioxidants prevent oxidation from happening
and could be considered substances that,
when present at low concentrations, compared
with  those of an oxidizable substrate,

significantly retards exidation of that substrate
[5]

Fruits and vegstables are important sources of
anticxidants  such a polyphencls [8]. &
polyphenal must delay, retard or prevent the
autexidation or free radical-mediated oxidation
to be considered antioxidant. Therefore, the
resulting radical formed after scavenging must
be stable through intramelecular hydrogen
bonding on further oxidation [7].

On the other hand, the study of antioxidant
effects  of  biophenclic  compounds  was
supported with the current interest in natura
products and the continuously replacing of
synthetic antiexidants by natural anticxidants
from plant scurces as well as the screening of
raw materials to identify new antioxidants [&-
10], The effectivensss as antioxidants s
demonstrated by structure-activity
relationships [11]. Enrichment of processsd
food  with  polyphenals  protects  against
oxidation and has better keeping quality
because formation of toxic oxidation products,
like cholestersl oxides, is being prevented
such enrichment also benefits human health,
Both of these benefits, however, hinge on the
availability of the phenclic substances [12].

Clives and clive oil, in particular extra virgin
olive oil, contain & wariety of bioactive
compounds  considersd  to be  potentizlly
beneficizl to health. There are consistent



evidences regarding the hesalth-beneficial
properties (protection against cardiovascular
dizseases and cancer) of the virgin clive oil. The
responsible for such beneficial properties are
both an adequate fatty acid profile and the
presence of antioxidanis such as the phenaolic
compounds. The most important phenolic
compound iz the antioxidant hydroxytyrosol
which has been widely studied demonstrating
itz health-beneficizl properties as well as its
good bicavailability [13].

Studies have shown the biclogical antioxidant
effects of the clive phencls through in vitro,
rat and human studies. In vitro, the phencls
inhibited LDL oxidation, leukecyte activation,
superoxide anion production, #nd the enzyme
glutathione-5-transferase, It has been
suggested that water-scluble  olive  oil
polyphencls might be a good candidate as a
functional foed ingredient in the future,
potentially  influencing the develepment of
cardiovascular dizease, cancer and
inflammatery  reactions. In  that sense,
functional foods are foods or distary
components that may provide a health benefit
beyond basic nutrition [14].

In additicn, the synergism effect bstween
diverse natural antioxidants has been studied.
Polyphenels and w-tocophercl influence the
stability of some food systems, it can be
descried as an effect of regeneration of the
more-active by the less-active antioxidant.
The synergism betwsen zscorbate and the
tocophercls rather depends on the phase
distribution of the two types of antioxidants.
When & better wunderstanding of the
mechanism behind antioxidant synergism is
available, protective systems based on such
an understanding will probably be developed.
The use of gresn tea extract in meat systems
may present a breakthrough in exploitztion of
synergism between nutrient and non-nutrent
antioxidants [15]. The use of plant material
and plant extracts, as food ingredients will go
beyond antiexidative effects. The Tgreen
revolution” for the food ingredients industry is
to maodify plants to produce molecules that
combine emulsifying and/or thickening effects
with antioxidative and antimicrobial effects.

In this study, the enrichment of Extra Virgin
Olive  Qil with different  polyphencls  was
evzluated trough the antioxidant capacity
measured by Rancimat. Individual and
combined phenalic compounds- standards and
izolated- were added to  different  lipid
matrices. Thus, to desvelop 2 potential
functicnal clive oil.

Materials and Methods

Lipid Matrices. Extra Virgin Olive Oil (EVOQ)
from both Arbeguina and Morrut culovars were

ra

used to perform  the antioxidant assay.
Samples were collected from olive oil mills
established in the region “"Les Garriguess”
(Lleida-Cataloniz, Spain). After sampling, olive
oil was filtersd through a paper filker &hlztrom,
d.150mm, dark betthing with nitregen in head

sace and finally stored at 39C,

Acidity, peroxide walue (PV) and
spectroscopic indices, Kzm Kza These
parameters were determined zccerding to the
UE official method [18].

Kz (Bitter index). & C18 column (Waters
Sep-Pack cartridges) was activated with 6 mL
of methanc! (6 mL) and then washed with &
mbL of hexane. 1.00£0.01 g of oil dissclved in
4 mL of hexans was passad through the
column. After elution 10 mL of hexane were
passed to eliminate the fat and the retzined
compounds  wers eluted with 25 mL of
methanol/water (1/1). The absorbance was
measursd at 225 nm against methanol/water
{(1/1)ina 1 cm cuvette.

Fatty acid composition analysis. The fatty
acid composition of the cils was determined by
gas chromatographic (GC) according to the
European Unian Commission Modified
Regulation EEC 2388/51) [16].

a-Tocopherol determination. o-Tocopherol
was evsluated by High-Performance Liquid-
Chromatographic with direct injection of an oil
dissolved in hexane. [17].

Phenolic and Pigment Characterization.
Phenolic compounds  from  olive ol were
extracted as reported by Artajo [18].

The chlorophyll and carotencid cempeounds
wers svaluated following the HPLC method
reported by Minguez-Mosquera [19].

Reference Compounds. a-Tocopherol was
used form Sigma-Aldrich Chemical Co. (USA)
Phenolic standards were used without fi
purification: apigenin, apigenin 7-
p-coumaric  acid, hydroxytyroscl,  lutscling
luteolin 7-C-glucoside, oleuropein, tyrosol, p-
HEEA, and vanillin from Extrasynthese (Genay,
France); caffeic acid, o-coumaric acid, ferulic
acid, gellic acid, and wvanillic acid from Fluka
Co. {Buchs, Swiss), and 3,4-
dyhydroxyphenilacetic  acid  (DOPAC),  4-
hydroxybenzoic acid; homovanillic acid, trans-
Cinnamic acid from Sigma-Aldrich Chemica
Co. (USA). Chlorophylls a (No. C-6144 from
algae), chlorophyll b (Mo, C-5878 from
spinach) and p-caroctene (Mo, C-4382) were
supplied by Sigma (St. Louis, MQO).

Isolated and Acquired Compounds.
Secoiridoids derivatives 4-(acetoxyethyl)-1,2-
dihydroxybenzene (3,4-DHPEA-AC); L
Hexenoic acid, £-formyl-3-(2-oxoethyl)-2-(3,4
dihydroxyphenyl) ethyl ester (3,4-DHPEA-



EDA);  4-Hexenoic  acid,  4-formyl-3-(2-
oxoethyl) 2-(4-hydroxyphenyl) ethyl ester (
HPEA-EDA); 2H- Pyran-4-acetic acid, 3-formyl
-3 d-dihydro-5-imethoxycarbonyl)  -Z-methyl-
2-{d-hydroxyphenyl) ethyl ester (3,4-DHPEA-
EA); ZH-Pyran-4-ascetic-, 3-formyl-3,4-
dihvdroxy-3-(methoxycarkbonyl)-2-methyl-Z-
(4-hydroxyphenyl) ethyl ester (p-HPEA-EA)
and methylated form of 3,4-DHPEA-EA were
isolated from EVOO by using semipreparative
method.

Pheophytins a and b were obtained from the
respective solutions of chlorophylls by shaking
the ether solution with 2 - 3 drops of 139% HC
until the green chlorophyll colour changed to
the grevish pheophytin colour {Holden, 1976;
Sievers & Hynninen, 1977). Pheopheorbide a
was formed by enzymatic de-esterification of
pheophytin a (Hynrinen, 1973).
Chlorephyllides a and b were cbtained from
the respective sclutions of chlorophylls by
enzymatic de-esterification (Jones, Butler,
Gibbs & White, 1972). The enzymatic extract
of chlorophyllase was obtained from ailanthus
altissima leaves (Terpstra & Lambers, 1583).
Lutein, antheraxanthin, wviclaxanthin and
neoxanthin were obtzined from 2z pigment
extract of fresh spinach and separated by TLC
on silica gel GF254 (0.2 mm) on 20 x 20 cm
plates using petroleum ether (65 - 959
Clacetone/diethylamine {10:4:1, w/v/v) [158].

High - Performance Liquid
Chromatographic. HELC  analyses wers
performed using a Waters 600 E pump, a
Waters column heater, 8 Waters 717 plus
autosampler egquippsd with a 20 pL loop
imjector and a Waters 996 phetodiode array
detector. Separstion was achieved on a 5 pum,
15 cm % 4.6 mm i.d., Inertsil ODS-3 column
(GL Sciences Inc.) equipped with a 5 pm, 1 cm
x 4.6 mm i.d., Spherisorb 55 0DS-2
precolumn (Technekroma, Sarcelona, Spaind.
The mobile phases were degassed under
vacuum using continuously sparged with high-
purity  helium during analysis. Water/acetic
acid (100:02 wfv) was used as solvent & and
methanal as solvent B.

Semipreparative Isolation of Compounds
from Olive 0Oil. Phenolics compounds
extracted from olive oil were isolated following
the procesding reported by Artajo et al [20].

Liquid Chromatography - Mass
Spectrometry. Samples extracts
corresponding  to  phenclic compounds  in
methanaol/water (30:30 w/v) were analyzed
using a Waters System (Alliance 2596
Separations Modul, and a Micromass Quattro
II  guadrupocle mass spectrometer by
electrospray ionization (ESI). A Inertsil ODS-3

(5 um, 15 cm % 4.6 mm i.d., GL Sciences Inc.)
column used for HPLC analyses was usad in
conjunction  with the gradient program
described for routine HPLC. A flow rate of 1
mL/min was used with a split ratio of 20:1
(PD&  detector/MS). The phetodiode array
detector cutput was monitored at 280 nm.
Masslynx Datz  System  (Micromass)  for
alignment with the mass spectral data. The
mass spectral datz wers acquired at four
alternating scans from m/z 100 to 700 in 2 s
using both positive and negative ion modes at
cone voltages of 30 V and 70 V.

Evaluation of Antioxidant Activity (AA).
The 4& was evaluated zccording to Rancimat
method {Metrohm, Ltda). A flow of air (20 L'h)
was bubble through the heated oil at 120 °C
and cold water and Induction Time (IT) were
recorded. Standard and isclated compounds
were prepared in Me-OH/H:O (80:20 wiv) to
the desired concentration in a range of 0.05 to
2.00 mmol/kg oil (pM) and added to a reaction
veszsel containing 2.5 g of the lipid matrix and
then the mixtures were homogenized with
vortex, Each analysis was done in duplicate,

Lipid matrices without any added compounds
wers analyzed as control zamples and the
antioxidant activity was expressed as the
antioxidant activity index: &AI= ITs/ITg,
where ITs is the induction time of a stabilized
sample and ITc is the induction time of 2
control sample.

Statistical analysis. Regression analysis was
carried out with the .12 version SAS System
package (SAS Institute Inc. Cary, NC, USA) to
evaluate the correlation between the induction
time (hours) and the enrichment concentration
of individual phenolic compounds.

Results and Discussion

Characterization of Lipid Matrices. adding
antioxidants to food matrices lead te evaluate
the real effect of these compounds and their
possible interaction with other components
naturally occurring in product. Olive oil,
primary source of fat in the Mediterranean dist
15 @ good matrix to be studied for enrichment
processes, not only as product of direct
consumpkion but also as part of ingredient of
new industrial feedstuffs. Thus,
characterization of the olive oil matrices
contributes to establizh the basis of this study.
Table 1 shows the quality parameters of
Extra Wirgin Qlive 0Qil (EVOOQ) matrices. The
fatty acid compositions of the two extra virgin

olive oil matrices are shown in Table 2. Table
3 and Table 4 show the phenolic and pigment
profile of both EVOO,






Table 1. Physical - Chemical Profile and Fro-oxidant and Antioxidant Factors. Extra VWirgin Clive Qil
(EVOO). [Means Values]

EVOO (Arbequina cultivar) EVOO (Morrut cultivar)

QUALITY PARAMETERS

Moisture {%) 0.06+0

01 0.05+0.01

Acidity (% oleic acid) 0.11+0.02 0.40+0.08

Feroxide Value (meqQykg oil} 6.03+0.85 15924 1.01

Absorbance en el UV

COMPOSITION
Tocopherols (mgfkg oil) 151.49+£ 1.2 14096+ 1.4

Total Phencl content (mag/kg oil) 129.37 £ 0.9 178.15+ 1.1

Total Pigments content (malkg gil)

i

Chloraphylls 5.40+ 0,02 6.38 + 0.02

Carstencids 5.77+0.3 11.9+0.5

[-Carotenoid 0.53 +0.02 1.41+ 0,02

OXIDATIVE STABILITY (h) 9,38+ 0.8 5.72+0.4
BITTER INDEX (K.:) 0.160 +0.02 0.170 + 0.03

Table 2. Fatty Acid Compaosition of Refined Olive il (ROO) and Extra Virgin Olive il { } [Means

Lall.les]

EVOOQ (Arbeguina cultivar) EVoo (Morrut culti\far;

Fatty Acid (%)

Palmitic &cid (C16:0) 12.07+£0.5 13.51+£0.4

Palmitoleic Acid (C16:1) 1.25 + 0.06 1.11 + 0,04

0.20 + 0.01

Linoleic acid (C18:2) 8.88+0.3 11.70 £ 0.2

Linclenic acid {(C18:3) 0.45+ 0.02 0.51+0.01

Arachidic acid |

Gadoleic acid (C20:1)

chari meid e
Behenic acid (C22:0)

Saturated

Mono-unsaturated 75,30 1.5 7104 +1.9

Poly-unsaturated 2,33+ 0.9 12,21 £1.0

Table 3: Phenolic profile of Extra VWirgin Olive Qil (EVOQ) from Arbeguina and Morrut cultivars Means
Values] M.D= not detected



EVOO EVOO
(Arbeguina cultivar) {Morrut cultivar)
Phenolic compound
(mg/kg oil)
Phenolic acids and Derivatives
Hydroxytyrosol 2.64 £ 0.3 10.36 £+ 0.9
Tyrosol 2,90+ 0.9 5.04 + 0.4
Wanillic Acid 0.17 + 0.03 1.44+ 0.02
vanillin 0.22 + 0.02 0.53+0.02
p- coumaric acid ND 0.24 £ 0.03
Flavonoids
Lutealin 2,20+ 0,07 1,22+ 0.03
Apigenin 1.34+ 0.03 1,32+ 0.02

Secoiridoid Derivatives

3,4-DHPEA-AC

3,4-DHPEA-EA 50.71+1.9
Methylated form of 3,4 -DHPEA-EA 22.63+0.8
Lignans
Acetoxypineresinol and pinoresing 38,79+ 1.3 46.44 + 1.1

EVOO (Extra Wirgin Qlive Qi) matrices had a
remarkable difference in peroxide walue and
K:u: parameter as well as carotencid content
otal phenol content gave an important
dissimilarity  between  samples and in
consequence the oxidative stability, The fatty
acid profile showed a slight difference in
stearic, cleic and lincleic acids. At the same
time, the o- tocopheral content was similar in
the two extra virgin olive oils.

In extrz wirgin olive the most abundant
phenalic compounds were secoridoid
derivatives. 3 4-DHPEA-EDA, p-HEEA-EDA, p-
HPEA-EA, methylated form of 3,4-DH -EA
{maxim absorptiom at 210 and 280 nm)
followed by lignans (maxim absorption at 230
nm and 280 nm) and 3,4-DHPEA-AC (maxim
absorption at 205 nm and 280 nm) and simple
phenols phenolic alcohols
{hydroxytyros tyrosol) and  phenelic
acids , p-coumaric,  o-
coumaric), Flavones aglycones such as luteolin
and apigenin played also an important role
These compounds have been previously
dentified by spectrum characteristics.
Although, methylated form of 3,4-DHPEA-EA
as an important

The chemical properties of polyphencls, in
terms of the availability of the phenclic
hydrogens, a2z hydrogen-donating  radical
scavengers, could predict their antioxidant
activity, Free radicals had an unpaired
glectron, which they tried to find @ matched
for by stealing an electron from another
molecule. Antioxidants cleaned up as possible
v stabilizing the free radicals before damage
rred by giving up one of their electrons.

Relation between Oxidative Stability and

n

Antioxidant Compounds. & positive linear

trend between IT and concentration of
antioxidant (Table 5) with a good correlation
coefficient [* = 0.90) and highe:

be establizhed some phenaolic
evaluated in EWOO matrices at con
range of evaluation. Gallic d luteolin
showed the highest slopes in both matrices
from Arbequinag and Morrut cultivar, indicating
2 significant increase in induction time at
different concentrations. However, 3,4-DHPEA-
ECA did net show a good linear trend as it was
observed on Refined Qlive Qil in previous
studies [20].




Table 4. Pigment profile of Extra Virgin Clive Qil (EVOOQ) frem Arbequinz and Maerrut cultivars

Valuest SD] Tr = trace amount N.D= not detected

Pigments (mg/kg oil)

EVOO
[Arbequina cultivar)

EVOO
(Morrut cultivar)

Feoforbide a

0.02 +£0.001

Neoxanten 0.10+x0.02
\iolaxanten 0.12 +£0.09
Luteoxanten 0.05 +0.02 0.05 +0.01
Anteraxanten 0.11 +0.04 0.10+0.03
Mutatoxanten 0.05 +£0.01 MDD
Lutein 1.84+0.1 1.99+0.3
Chlorephyll b 0.10 £ 0.02 MO
B-criptoxanten 0.07 £ 0.01 0.04+0.01
Chlarophyll a 0.02 + 0.001 MO
stherified Viclaxanten 2+ ND
Feofitin b 0.18 £ 0.03 0.08 £ 0.01
Estherified Neexanten ND ND
Feofitin a 2.21+0.3 4.89+0.9
a-tocopheral 0.01 + 0.001 0.01 +£0.001

Effect of Individual Phenolic Compounds

Addition on Olive 0Oil Matrices. e
systematic study of the antioxidants on EVOO
makes more understandable the individual
oehavior of phenclic compounds  against
oxidative proces During recent rs the
antioxidant or pre-cxidative effect of natural

antioxidants has besn widely studied and it
has been highlighted that many factors
nfluence their responss on lipid matrices. In
general, free have an unpaired
ron, which they try to find @ match for by
stealing an electron from something around it
Antioxidants clean up as many fres radicals as

radicals

peszible by stabilizing the free radicalz before
damage occurs by giving up one of their
electrens.

In spite of the fact that wide data on the

mportance  of  natura antioxidants  in
conferring stability towards or protection from
oxidation have been reported [10, 22], the

Table 5. Model to describe the
coengentration’

connection

n antioxidant activity and

structure  (the position and  the
degree of hydroxylation) is has not been
entirely elucidated. Factors such a system of
zssay, tempsrature, pH, and concentration
could be influenced founded results by

researchers [7, 23].

FPhenolic antioxidants are primary antioxidants
which act as free-radical terminators. The
position and ee of hydroxylation are of
primary importance in determining antioxidant
activity and chemical structure could be
criteria to evaluate th y of polyphenols
in enhancing the Rancimat stabilicy of ails, The
specific mode of inhibition of oxidation by the
individual polyphenols is not clear but they
may act by chelatin pper ions via the ortho
dihydroxy phendl tructure scavenging lipid
xyl and peroxyl radicals or by acting as
chain breaking antiowidants, as hydrogen
doners.

relationship between oxidative stability {Induction Time) and phenolic

Correlation Parameters "



EVOO (Extra Virgin Olive Qil, Arbequina cultivar)

Phenolics Acids and Derivatives a B r?
Caffeic Acid 10.01 5.57 0.985
Gallic Acid 11.33 11.20 0.966
Flavonoids
Luteolin 9.42 2.67 0.991
Secoiridoids and Derivatives
Oleuropein 9.97 1.65 0.809
3,4-0OHPEA-EDA 10.0 -2.5 % 107 3.00 x 107 0.874
[Methylated form of 3,4-DHPEA-EA 2,97 3.07 --- 0.889
EVO0O (Extra Virgin Olive Qil, Morrut cultivar)
Phenolics Acids and Derivatives a B c r?
Caffeic Acid 5.25 3.62 --- 0,988
Gallic Acid 5.90 4.80 --- 0.923
Flavonoids
Luteolin 5.76 1.06 --- 0.963
Secoiridoids and Derivatives
Oleuropein 5.75 2.45 --- 0.905
3,4-0DHPEA-EDA 5.34 7.7 x 107 -1,00 % 107 0.711

* yalues represent the mean of two replicates of two set of experiments
" Simple regression v = a + bx; Polynomial regression v = a +hx + cx’

FPhenolic Alcohols. The antioxidant activity
expressed as AAI of hydroxytyroscl and
wyrosal were evaluated at concentrations from
0.25 to 2.0 pM, Hydroxytyrosel do have a
significant effect in the concentration range.
The introduction of & secend hydroxyl group in
the ortho position increases antioxidant
activity; this effect was corroborated with the
AAT maximum velues reached (1.76 and 2.38)
in &rbequina and Morrut EVOO respectively.
This is in agreement with the study performed
oy Baldicli et al [24,25], considering this
phenolic compound the main ortho-diphenol
cccurring  in olive  fruit  and  olive oil.
Conversely, tyrosol as a monophenol, was far
23z efficient than the polyphenols, which is
reflected in @ no significant effect on EVOO
matrices. This agress with the information
reported by several authors [20,26,27].

The results obtained from phenolic acids were
expected. Gallic acid exhibited the most
antioxidant effect on refined olive oil matrix
[20], while the increment in AAl was more
important in EVOO from Arbegquina cultivar.
Caffeic acid was founded to have a very huge
antioxidant activity compared to some of the
other phenolic acids in EVOO matrices; it
might be due to its orthe phenclic condition.
In addition, derivates of cinnamic acid, such as
ferulic and p-coumaric were more sctive than
hydroxyl derivatives of benzoic such as vanillic
acid and 4-dihydroxybenzoic acid, which

exhibited only a weak antioxidant activity due
to the presence of the CH=CH-COOH [21, 28].

Flavonoids, As can be observed in this study,
luteolin and apigenin present a higher &AI
related to their 7 pesition glycosilated forms,
this agree with the information reported in
several studies [29-31]. Although, there is,
occasionally, unpredictakle relationship
between the structure of some flavonoids and
their antioxidant activities.

Secoiridoid and Derivatives. 3,4-DHPEA-EA
has been reported as strong antioxidant in
several lipid systems including oil emulsions,
However, our result showed slight antioxidant
activity, 3,4-DHPEA-EDA is the compound of
especial intersst because of its presence as
one of the major secoiridoid antioxidant
compounds in wvirgin olive oil [32]. This
compound had & positive result as an
antioxidant having evidence that bear two
hydroxyl groups linked te an aromatic ring on
the ortho position. Ligstroside derivative (p-
HFEA-EA), bearing ons hydroxyl substituent,
had & negative effect on antioxidant activity
evaluated in EVOO matrices from Arbequina
and Morrut cultivars, the antioxidant activity
was lower than 1, having an evidence of its
potency pro-oxidant action. These results are
in agreement with those reported by Morello
et al [28].






The Antioxidant Activity Index expressed
nin Table 6.
reliable

terms of Induction Time is shov

This measure could be considered a

in

evaluation of the susceptibility to oxidative

Table 6. Antioxidant Activity Index [AAI) of EV

sample ITs / Induction Time of control ITs

degensration and specifies the shelf life of an
olive oil.

00 (Arbequina and Morrut cultivar). Induction Time of

PHENOLIC COMPOUND CONCENTRATION

(mmol/kg oil) (pM)

{ EVOO Arbeguina / ENOO Morrut)

PHENCLIC COMPOUNDS

Phenolic Alcohols
Hydroxytyrosal
Tyroso
Phenolic Acids and Derivatives
Wanillic Acid
Homovanillic Acid
vanillin
Caffeic Acid
Ferulic Acid
Gallic Acid
o-coumaric Acid
p-coumaric Acid
DOPALC
4-hidroxybenzoic Acid
trans-cinnamic Acid
Hydrocinnamic Derivative
Verbascoside
Flavones
Luteolin
Apigenin
Luteolin 7-0-glucoside
Apigenin-7-0-glucoside
Secoirideids and Derivatives

Cleuropein

3,4-DHPEA-AC

3,4-DHPEA-EDA

p-HPEA-EDA
3,4-DHP
Methylated
3,4-DHPEA-EA

of

Lignans
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).981.06 / 1.011.02 / 1.00
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26 /f 0.97 /0.991.03 / 1.010.98 / 0.990.94 / 1.02
0.10 0.15 0.30 0.45 0.60
02 /1.05 1.07/1.171.06/ 1.201.11 / 1.201.10 / 1.30
0.20 0.40 0.80 1.20 1.60

0o /1,01 1.01/1.111.10/ 0.981.00/ 1.000.93/ 0.99
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0.05 0.10 0.20 0.30 0.40
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/0.940.99 / 0.920.9
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/0,200,952 /0.84

/1.080.99 / 1.080.98 / 1.110.97 / 1.08
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=]
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f1.08 1.02/1.081.06/1.101.09 / 1.071.12/ 1.10

0.05 0.10 0.20 0.30 0.40

S1.00 1.06/1.001.07/1.081.11/1,101.13/1.10

CONCLUSIONS

The position and the degree of hydroxylation

are of primary importance in

determining

antioxidant activity and chemical structure
could be & criteria to evaluate the activity of
polyphenals  in enhancing the Rancimat
stability of cils



Gallic and caffeic acid had a good linear trend
relationship (r2 = 0.90; high slope) in EVOO
matrices. Luteclin showed a similar
behavior. Howewver, it appeared that the
differences in the oxidative stability of extra
virgin olive related to the addition of phenalic
compounds might be affected by the fatty
acid, o-tocopherol, phenclic and pigment
compesition.

In conclusion, a great antioxidant activity
corresponded to  3,4-dihydroxy and 3,4,5-
trihydroxy structures  linked to an arematic
ring that conferred the moiety  with a
higher preton dislocation, thus facilitating the
scavenging ackivity.
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