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Abstract: The aim of this work was to set up a phenomenological model to predict the stability of extra
virgin olive oil based on combined stability/instability indices. A screening of stability/instability indices
was carried out by multivariate statistical analyses on company data for virgin olive oil. Screened indices
were acidity, oleic acid content and bitter taste. The ability of these indices to predict stability was checked
by measuring the following degradation parameters on 11 oil samples of different compositions planned
by a fractional factorial design (FFD): peroxide value, UV spectroscopic indices, minor polar component
content, oxidative status of fatty acids, antioxidant activity and sensory descriptors of aroma, taste and
flavour. Experimental data were processed by multivariate statistical analyses. A combination of acidity,
oleic acid content and bitter taste values was significantly able to predict oil stability expressed by the
peroxide value, the K,;; UV index and the oxidative status of fatty acids.
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INTRODUCTION
Degradation occurs during the processing and
shelf-life of extra virgin olive oil (EVOO), and suc-
cess on the market may also depend on the stability of
EVOO. Degradation may result in exceeding legal lim-
its for eg acidity, peroxide and UV spectroscopic index
values; it may result in variations in nutritional qual-
ity of the product, since antioxidant content decreases
and free radical content increases; it may result in vari-
ations in sensory descriptors such that appreciation of
the product decreases, since aroma, colour, taste and
flavour attributes change and some unpleasant sensory
attributes may occur.! =8

Degradation is mainly due to lipid oxidation®,
although enzymatic reactions also occur during pro-
cessing. Some enzymatic reactions affect autox-
idation: triglycerides are hydrolysed by lipase,
while phenolic compounds are oxidised by both
polyphenol oxidase and peroxidase.!®!! Other enzy-
matic reactions are responsible for both pleas-
ant oil flavours (eg the lipoxygenase pathway)
and increasing antioxidant content (eg due to
glycosidases).12~14

The extent and rate of degradation depend on the
following operating conditions during the processing

and shelf-life of EVOO: variety, growth conditions,
pest control, harvesting, transportation and storage
of olives; milling, malaxing, extraction and filtration
of oils; packaging and commercial activities of oils.!”
Operating factors that promote degradation include
long times, exposure to oxygen, presence of water,
exposure to light and high temperatures and are
associated with high levels of polyunsaturated fatty
acids in the oil and enzymes in the olive paste and a
low level of oil antioxidants.

The biggest companies produce EVOO by blending.
For these companies, prediction of stability represents
a useful tool to select the virgin oil purchased and to
optimise the blending operation.

A large number of data on parameters and analytical
methods for measuring EVOO degradation are
available. Although some models are reported in the
literature, either they describe degradation but do not
predict it or they show limited predictability.*37-16-18

The aim of this work was to set up a phenomenolog-
ical model to predict the stability of EVOO based on
combined composition indices. Effects of olive vari-
ety, crop season and processing on EVOO stability
should be defined and explained by different values
for composition indices.
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EXPERIMENTAL
EVOO stability was studied according to the following
experimental approach in two steps:

e screening of stability/instability composition indices;
e checking for significant relationships between
screened indices and EVOO degradation.

Screening of indices was carried out by multivariate
analysis procedures on data for virgin oil purchased
from Carapelli Firenze SpA (Florence, Italy). Data
were derived from 63 chemical and 18 sensory
parameters measured on oils purchased from four
different Mediterranean areas during the 1999-2001
olive crop seasons.” Data processing showed that
only a few composition indices may be related to
degradation of EVOO (Table 1) in terms of peroxide
value and UV spectroscopic parameters. Assuming
a relationship between oleic acid content and the
other fatty acids, these indices were further reduced to
acidity, oleic acid content and bitter taste of EVOO.

This hypothetical relationship with stability was
checked by measuring the extent of EVOO degra-
dation in a large number of oil samples differing
in screened indices. Eleven EVOO samples from
the 2002 olive oil season were planned by a frac-
tional factorial design (FFD) to optimise the analytical
effort, using consistent minimum and maximum val-
ues for indices reflecting the company’s historical data.
Table 2 shows both the planned and the experimental

Table 1. Hypothetical relationship between EVOO stability and some
composition indices as derived from company’s data processing

Stability/instability Hypothetical relationship

index with oil stability
Acidity Indirect
Palmitic acid content Indirect
Stearic acid content Direct

Oleic acid content Direct

Linoleic acid content Indirect

Bitter taste Direct

Table 2. Comparison between planned and experimental
composition of EVOO samples optimised by FFD

Planned composition Experimental composition

Acidity Oleic acid Acidity Oleic acid
Sample (% oleic content Bitter (% oleic content Bitter

number  acid) (%) taste  acid) (%) taste
1 0.4 60 1 0.42 60.0 1.0
2 0.8 60 1 0.80 60.6 1.0
3 0.4 80 1 0.39 80.7 1.0
4 0.8 80 1 0.84 78.6 1.0
5 0.4 60 3 0.39 70.4 2.7
6 0.8 60 3 0.78 69.8 2.2
7 0.4 80 3 0.42 80.0 3.1
8 0.8 80 3 0.82 77.9 2.8
9 0.6 70 2 0.58 71.9 1.9
10 0.6 70 2 0.58 71.9 1.9
11 0.6 70 2 0.58 71.9 1.9
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composition of oil samples; a few differences were
found between the ideal and actual levels, but these
were acceptable to the FFD.

EVOO samples were either prepared by blending,
assuming that the additive property of screened
indices is applicable, or directly purchased from
Mediterranean areas.

Measurement of EVOO stability/instability
indices

Acidity (% oleic acid), fatty acid content (%) and
bitter taste intensity were measured by the EU official
methods.?°

Measurement of EVOO degradation parameters
Peroxide value (meqO, kg™!) was measured by the
EU official method.?°

Spectroscopic parameters, ie K,3; and Ky, in the
UV region were measured by the EU official method?°
on a 0.4% (w/v) solution of oil in isooctane.

Minor polar component content (ie oleuropein
and ligstroside derivatives) was determined by high-
performance liquid chromatography (HPLC) using
a modification of the method of Cortesi ez al.?! Oil
(2g) was dissolved in 4ml of methanol, and 1ml
of a methanolic solution (10mgl™!) of syringic acid
was added as an internal standard. The mixture
was agitated for 1h, then centrifuged for 15min
at 4500rpm; 5ml of extract was obtained. The
extract was filtered through a membrane (0.22um)
before performing the HPLC analysis with a UV
detector at 280 nm. Tyrosol content (mgkg ') was
calculated using a standard curve for tyrosol (Merck,
Milan, Italy) at concentrations of 2-20mgkg™' in
methanol. Hydroxytyrosol content and the sum of
decarboxymethyloleuropein and oleuropein aglycon
contents (mgkg~!) were calculated as the equivalent
of tyrosol. Total minor polar component content was
calculated as the sum of chromatographic peak areas.

Lipid oxidation status was evaluated according
to Cortesi and Rovellini®?? and Rovellini ez al.??
The oxidative profile and chemical structure of
oxidation products had already been characterised
by HPLC/electrospray mass spectrometry (ES-MS)
by Rovellini ez al.?* After a transesterification reaction
with 1.0 M sodium benzyloxide in benzylic alcohol
to form benzylester derivatives of fatty acids, dienoic
and trienoic conjugated isomer contents (%) were
measured by HPLC with a UV detector at 230 nm,
while oxidised fatty acid contents (%) were measured
by HPLC at 230 and 275 nm.

Antioxidant activity was evaluated by the 1,1-
diphenyl-2-picrylhydrazyl (DPPH) radical-scavenging
test according to Visioli ez a/*®> with some modifica-
tions. The polar fraction of oil (2g) was extracted
with methanol (5ml). The mixture was agitated for
1h and centrifuged for 15min at 4500 rpm to sep-
arate the polar from the lipid fraction. Different
solutions of methanolic extracts were added to a
25mgl~! methanolic solution of DPPH (Sigma, St
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Table 3. Definition of sensory descriptors

Sensory descriptor Definition

Green olive aroma  Typical aroma of green olive perceived by
sense of smell

Astringency Set of tactile sensations caused by
dryness in oral mucosa
Pungency Tactile itching sensation perceived in

mouth during swallowing
Green olive flavour  Typical aroma of green olive involving taste
and sense of smell during swallowing

Louis, MO, USA). The decrease in absorbance was
measured at 515nm up to 15min (when a constant
value was reached). I59, defined as the amount of
original oil sample (mg) required to lower the initial
DPPH concentration by 50%, was extrapolated from
a dose—response curve.

Sensory descriptors of EVOO were assessed by
a trained panel of 25 judges according to the
difference-from-control method.?® An EVOO sam-
ple from Carapelli was used as reference. A com-
mon sensory vocabulary was used, including the
following four descriptors: green olive aroma, astrin-
gency, pungency and green olive flavour. Table 3
defines the individual descriptors. Judges were
requested to evaluate the intensity of descrip-
tors as compared with the reference by assign-
ing a score between +5 (more intense) and —5
(less intense).

Data processing

The fractional factorial design was carried out
by the Modde 8.0 software package (Umetri,
Umea, Sweden).

Principal component analysis (PCA) and partial
least squares (PLS) regression were used to classify
samples by the Unscrambler 7.8 software package
(Camo AS, Oslo, Norway).

RESULTS AND DISCUSSION

The screened stability/instability composition indices
were in agreement with literature data.!l'?7-2° Rela-
tionships between oleic acid content and the other
screened fatty acids were also verified experimentally.
The following linear relationships were obtained:

PAc =g—mOAc (¢=37.09,m=0.34;r=0.99)
LAc =g—mOAc (¢=53.75,m=0.61;r=0.99)
SAc =g+ mOAc (¢=0.26,m = 0.034;r = 0.67)

where PAc, LAc, SAc and OAc are palmitic acid,
linoleic acid, stearic acid and oleic acid contents (%)
respectively.

Other composition indices such as carotenoid,
chlorophyll pigment and phenolic compound con-
tents, which were not measured by the company, may
be considered in agreement with literature data.®3° In
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this work a methodological approach was applied to
simplify the experimental design. As a first hypothesis,
indices which are usually and easily measured by com-
panies were studied; therefore other stability/instability
indices were not taken into account.

A different approach was applied to select degrada-
tion parameters. A large number of parameters were
considered in order to enable us to determine their
significance in measuring EVOO degradation.

All experimental data (Table 4) were processed by
multivariate analysis procedures. A multidimensional
map of all samples related to stability/instability indices
and degradation parameters was obtained by PCA.
The relevant loading plot is shown in Fig 1. The model
explained more than 60% of data variability along the
first (PC1) and second (PC2) principal components.

As compared with well-known degradation param-
eters, ie peroxide value and Kjs,, stability/instability
indices were positioned according to our hypothesis:
the more acidity the more degradation, the more oleic
acid content the less degradation, and the more bitter
the taste the less degradation was observed.

Bitter taste was relatively close to sensory descriptors
astringency and pungency, sum of aglycons and
minor polar component content. This showed a
tendency to exhibit reciprocal relationships between
the above-mentioned parameters, thus confirming
some literature data.!>!33% The cluster around
peroxide value also aroused attention, in agreement
with Rovellini ez al.?3

PLS modelling with latent variables (Fig 2) was then
applied to evidence a significant relationship between
stability/instability indices (ie independent variables)
and degradation parameters (ie dependent variables).

Coefficient values (Q,) showed that some indices
had good prediction capability (Q, > 0.60). Our
hypothesis was then statistically confirmed, and
peroxide value, K,3,, oxidised fatty acid content at
230 nm and dienoic and trienoic conjugated fatty acid
contents were shown to be significant parameters
to measure EVOO degradation. Conversely, in
our opinion, the high prediction coefficient of the
astringency parameter depended on the relationship
between astringency and bitter taste (see Fig 1) rather
than on the significance of astringency to measure
EVOO degradation.3%-3!

Antioxidant component content, measured both
indirectly (ie antioxidant activity) and directly (ie
minor polar component content), was not found to
be a significant degradation parameter. This may
depend on the fact that antioxidant components played
opposite roles in EVOO degradation. On the one hand,
their content decreased as a result of oil oxidation and
could be used to measure degradation; on the other
hand, they slowed down degradation because of their
antioxidant activity, resulting in higher oil stability.

PLS data processing also allowed us to set up
mathematical models which were able to predict
EVOO degradation as a function of the combination of
acidity, oleic acid content and bitter taste. The models

F Sci Food Agric 85:1492—-1498 (2005)
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Figure 2. Goodness of fitting between variables by PLS method: A = peroxide value, B = K232, C = K»70, D = antioxidant activity,
E = hydroxytyrosol, F = tyrosol, G = aglycon sum, H = total MPC, | = Oxp39, L = Ox275, M = dienes cis-trans, trans—cis, N = dienes trans—trans,
O = trienes, P = green olive aroma, Q = astringency, R = pungency, S = green olive flavour.

were empirical polynomial models as follows:

Y=c¢ + a1X1 + a2X2 + a3X3
+ a1 X1 X5 + a5 X1 X3 + as X2 X3 (1)

where Y is the degradation parameter to be predicted,
X is the acidity, X, is the oleic acid content and X3
is the bitter taste. Constant values for the selected
degradation parameters are reported in Table 5.
Figure 3 shows an example of isoresponse curves
for prediction of the peroxide value. They were
obtained by varying acidity and oleic acid content

F Sci Food Agric 85:1492—1498 (2005)

while maintaining bitter taste constant. Therefore the
curves represented regions of equal oil degradation,
which were determined by different combinations of
the three selected composition indices.

CONCLUSIONS
The experimental results allowed us to express the
phenomenological model of extra virgin olive oil
stability shown in Fig 4.

Oil stability may be a function of some indices which
directly or indirectly reflect its chemical composition.

1495



B Zanoni er al

c S|lantsowuwnwoosanl| = .
o3|l SOYTANA 3 Peroxide value (meq O, kg')
5°&|°979999°°°°|3
= [&]
g 080228 21,4 [20[18,6[17,2[158| 144 | 13 |11,6] 10,2
> 7]
[0}
8 LWOW—-—N~N0O0OO0WS O = 0.75
slo-®mocoNve-I©|E :
o} — -3
a 5N g 0.70
% E o 0.65-
S|lwmoowvoowsxsosonlg ko) 1
Dl -~ owS o |Q S 060
E o O (lD — O O O0OO0OO0OOo = °\° )
@ = >
< g 2 0.55-
b= o j
c,8|lvoaocors-woownls < 050-
ge|lvs "o -a-=RKS|S :
f S5 |cccococcocacco|g 1
©) 5] [ | ®© 0.45
>
@ £ -
Q LT ONDMODN—IN~ |8 0.40
ST~~~ aAN—-OoqNAN AdUNLENUNL UL UL U L
gé O o300 oo o g 60 62 64 66 68 70 72 74 76 78 80
= © Oleic acid content (%)
a 3
[0 ~ [0 0O~ AN OO OO
S| ee- -9 - || Figure 3. Isoresponse curves for peroxide value (bitter taste = 2).
A" S|occScSSccS333S | e
o
X
o
O
B Jorcnoauooas < |2
cm o |lwnoNTOST~O0ON~| & STABILITY/INSTABILITY INDICES:
a - A Acidity value (indirect relationship)
© é\' Oleic acid content (direct relationship)
o -0 - o Bitter taste (direct relationship)
ST|IBNB35839T88 (£
BT |-NSSFfovadav o]
o
o
So|yTooTonowoxoo | g
JR|la~oqn-—omnwon~|5
5v A -—ad~--—-a~|§
g. DEGRADATION PARAMETERS:
O T O T OAN — OWLWAN j
828328888873 N
T O - N . . 23_2
s ARSI SI | g Lipid oxidation status
= mOoO~NNMNANNOS -+~ ] 8
- R il
C
€ Figure 4. Phenomenological model of extra virgin olive oil stability.
c - Il
TANEETER R R
o| < INNOOS®—o|o
DD DT OMONOOD0DD0 | These indices, namely szability/instability indices, ma
< E|T - T & .. . . . .
= s £ cause sensitivity to degradation during oil shelf-life.
+ QO . . .
_ W € Their value may result from both olive quality and
3! TOW— S 0OWOND|ES] ) o
g8 2 g % g ~ e :r? g N 2 g g g3 process operating conditions. On the other hand,
S — c = .y . .
Pl -~ |83 when the oil is extracted and filtered, their value may
= > .
5 & remain constant.
— O . . . .
3 > 5 Based on our studies, the following indices were
o Qe .. . ..
E s8N 2823 ]|’ shown to be significant: acidity value was indirectly
S 5|08 BCSBC I8N “é% related to stability, while oleic acid content and bitter
o § £ = taste were directly related to stability.
° T ° 2 Degradation of extra virgin olive oil can be mon-
© T . . .
o| B &5 itored by measuring parameters, namely degradation
| 22D QRIQNNRPORD]| cD X -
o 23 EIQSQ2R O ARXND 055 parameters, which should be sensitive to small degrees
= - — . . . . . . .
s[29 g(TOOC-—O0ONDDOBWW | QL of oil degradation. Their values and kinetic variations
& = ®© © - 5 8
o < 25 may depend on both stability/instability indices and
c 25
-% Qleregonwoe~©0o9 2 operating conditions of oil packaging and commer-
S N It S I A S AV I X o .
g X|ooooooooooo|E § cial activities (ie time, exposure to light, exposure to
[}
& y|looowo-snoaun|SE oxygen, temperature).
T QR — =000 MM0N| Q25 . .
kS Xl raddadadadr-adadaa]ge Based on our studies, measurements of peroxide
[0} . . .
g ~ oY value, spectroscopic UV parameter K3, and lipid
Sl o ! T oxidation status (ie dienoic trams—trans, dienoic
21238 559838858585 : -(d ienoic conjugated fatty acid
c = 4 4 4 A 4 d 3 — —
5| 850 |odndnuannns |38 cis—trans, trans—cis an tr1§n01c conjugated fatty aci
< e~ g - T T -T g 5 contents, oxidised fatty acid content at 230 nm) were
2 4 a5 found to be significant.
i | . .
: o5 § o The phenomenological model was applied to set
< > 8 o
2 €E g2 up some predictive models of oil degradation extent.
© T S o~ | <2 :
[ NElruodtwON~NOO~ T~ la D These models may also be useful for companies to

1496 J Sci Food Agric 85:1492-1498 (2005)



Prediction of extra virgin olive oil stability

Table 5. Constant values for empirical polynomial models with respect to selected degradation parameters

Degradation parameter c ai an as as as ag

Peroxide value (merzkg‘1) —77.921 115.143 1.148 28.910 —1.411 —-3.679 -0.367
Kozo —6.364 10.911 0.106 2.981 —0.133 —0.328 —0.037
Oxo30 (%) —0.280 4.805 0.082 1.164 —0.054 —0.099 —0.020
Dienes cis—trans, trans—cis (%) 0.990 —-0.510 0.006 0.054 0.023 —0.262 —0.002
Dienes trans—trans (%) —0.051 —0.103 0.002 0.136 0.002 —0.040 —0.001
Trienes (%) —1.562 2.960 0.020 0.563 —0.034 -0.183 —0.006
predict the rate of oil degradation, though in an 9 Frankel EN, Recent advances in lipid oxidation. ¥ Sci Food Agric

indirect, semi-quantitative way. In order to have
a stable oil, values for acidity, oleic acid content
and bitter taste may be predicted which minimise
degradation parameters. The above predictive models
are naive because they depend on oil degradation
history and hence are only able to record some of
the situations of a company’s operating reality. In
clear terms, values for degradation parameters of
extra virgin olive oil will be predicted by combined
stability/instability indices. After storage, degradation
parameters may change as a result of lipid oxidation,
but models, being based on constant indices, are not
able to predict a new degradation extent. However,
by replicating the experimental design several times,
models can be set up which better predict oil
degradation extent, because they describe a company’s
common reality for purchase of virgin olive oil and
blending operating conditions.

Research is currently being carried out to verify
the application of our phenomenological model to
directly predict the rate of oil degradation. In our
opinion, under the same storage conditions the
same combination of stability/instability indices may
result in an equal constant rate of degradation
parameter kinetics.

REFERENCES

1 Gasparoli A, Fedeli E and Michelini P, Indagine preliminare
sulla valutazione della conservabilita di oli extra vergini
confezionati. Riv Ital Sost Grasse LXVII:81-87 (1990).

2 Morales MT, Rios JJ and Aparicio R, Changes in the volatile
composition of virgin olive oil during oxidation: flavors and
off-flavors. ¥ Agric Food Chem 45:2666—2673 (1997).

3 Paganuzzi V, De Iorgi F and Malerba A, Influenza
dell’invecchiamento e della temperatura su alcuni parametri
previsti dal reg. CEE n.2568/91 sull’olio d’oliva. Riv Iral Sost
Grasse LXXIV:231-240 (1997).

4 Pagliarini E, Zanoni B and Giovanelli G, Predictive study on
Tuscan extra virgin oil stability under several commercial
conditions. ¥ Agric Food Chem 48:1345—-1351 (2000).

5 Cinquanta L, Esti M and Di Matteo M, Oxidative stability of
virgin olive oils. ¥ Am Oil Chem Soc 78:1197—1202 (2001).

6 Ninfali P, Aluigi G, Bacchiocca M and Magnani M, Antioxi-
dant capacity of extra-virgin olive oils. ¥ Am Oil Chem Soc
78:243-247 (2001).

7 Gutierrez F, Villafranca MJ and Castellano JM, Changes in the
main components and quality indices of virgin olive oil during
oxidation. ¥ Am Oil Chem Soc 79:669—-676 (2002).

8 Psomiadou E and Tsimidou M, Stability of virgin olive oil.
2. Photo-oxidation studies. ¥ Agric Food Chem 50:722-727
(2002).

F Sci Food Agric 85:1492—1498 (2005)

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

54:495-511 (1991).

Sciancalepore V, Enzymatic browning in five olive varieties. ¥
Food Sci 50:1194-1995 (1985).

Kiritsakis A and Tsipeli A, Relationship of the acidity of
olive oil to its resistance to oxidation. Riv [tal Sost Grasse
LXIX:513-515 (1992).

RanalliA and De Mattia G, Characterization of olive oil
produced with a new enzyme processing aid. ¥ Am Oil Chem
Soc 74:1105-1113 (1997).

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

Vierhuis E, Servili M, Baldioli M, Schols HA, Voragen AGJ
and Montedoro G, Effect of enzyme treatment during
mechanical extraction of olive oil on phenolic compounds and
polysaccharides. ¥ Agric Food Chem 49:1218—-1223 (2001).

Petrakis C, Good manufacturing practice (GMP) guidelines for
virgin olive oil production. Gras Aceit 45:53—-54 (1994).

Gutfinger T, Polyphenols in olive oils. ¥ Am Oil Chem Soc
Nov:966—968 (1981).

Baldioli M, Servili M, Perretti G and Montedoro GF, Antioxi-
dant activity of tocopherols and phenolic compounds of virgin
olive oil. ¥ Am Oil Chem Soc 73:1589-1593 (1996).

Przybylski R and Zambiazi RC, Predicting oxidative stability of
vegetable oils using neural network system and endogenous
oil components. ¥ Am Oil Chem Soc 77:925-931 (2000).

Nava M, Modelli matematici per la previsione della conserv-
abilita dell’olio extra vergine di oliva. Thesis, University of
Milan (2001).

Regulation (EC) °n 796/2002. Off ¥ Eur Commun 1.128:1-28
(2002).

Cortesi N, Azzolini M and Rovellini P, Dosaggio dei compo-
nenti minori polari (CMP) in oli vergini di oliva. Riv Ital Sost
Grasse LXXII:333-337 (1995).

Cortesi N and Rovellini P, Cromatografia liquida ad alta
risoluzione dei derivati benzilici degli acidi grassi e dei
loro isomeri. Nota II. Riv Iral Sost Grasse LXXI:581-586
(1994).

Rovellini P, Cortesi N and Fedeli E, The oxidative status of
fatty substances: a proposal for a new quantitative analytical
method. Note II. R Ital Sost Grasse LXXVI:109-114
(1999).

Rovellini P, Cortesi N and Fedeli E, Profilo ossidativo e
struutura chimica dei prodotti di ossidazione dei trigliceridi
mediante HPLC—-ES-MS. Riv Ital Sost Grasse LXXV:57-70
(1998).

Visioli F, Bellomo G and Galli C, Free radical scavenging
properties of olive oil polyphenols. Biochem Biophys Res
Commun 247:60—64 (1998).

Meilgaard M, Civile GV and Carr BT, Sensory Evaluation
Techniques, 3rd edn. CRC Press, Boca Raton, FL, pp 67-72
(1987).

Miyashita K and Takagi T, Study on the oxidation rate and
prooxidant activity of free fatty acids. ¥ Am Oil Chem Soc
63:1380—-1384 (1986).

1497


https://www.researchgate.net/publication/223180453_Virgin_olive_oil_odour_notes_Their_relationships_with_volatile_compounds_from_the_lipoxygenase_pathway_and_secoiridoid_Compounds?el=1_x_8&enrichId=rgreq-0c97cf86f1f75bd2ade13a5db91a8966-XXX&enrichSource=Y292ZXJQYWdlOzIyNzUzMzAxNDtBUzoxMDIwNTI1NzUzMTgwMTZAMTQwMTM0MjYzODA4Mg==
https://www.researchgate.net/publication/223180453_Virgin_olive_oil_odour_notes_Their_relationships_with_volatile_compounds_from_the_lipoxygenase_pathway_and_secoiridoid_Compounds?el=1_x_8&enrichId=rgreq-0c97cf86f1f75bd2ade13a5db91a8966-XXX&enrichSource=Y292ZXJQYWdlOzIyNzUzMzAxNDtBUzoxMDIwNTI1NzUzMTgwMTZAMTQwMTM0MjYzODA4Mg==
https://www.researchgate.net/publication/223180453_Virgin_olive_oil_odour_notes_Their_relationships_with_volatile_compounds_from_the_lipoxygenase_pathway_and_secoiridoid_Compounds?el=1_x_8&enrichId=rgreq-0c97cf86f1f75bd2ade13a5db91a8966-XXX&enrichSource=Y292ZXJQYWdlOzIyNzUzMzAxNDtBUzoxMDIwNTI1NzUzMTgwMTZAMTQwMTM0MjYzODA4Mg==
https://www.researchgate.net/publication/223180453_Virgin_olive_oil_odour_notes_Their_relationships_with_volatile_compounds_from_the_lipoxygenase_pathway_and_secoiridoid_Compounds?el=1_x_8&enrichId=rgreq-0c97cf86f1f75bd2ade13a5db91a8966-XXX&enrichSource=Y292ZXJQYWdlOzIyNzUzMzAxNDtBUzoxMDIwNTI1NzUzMTgwMTZAMTQwMTM0MjYzODA4Mg==
https://www.researchgate.net/publication/226143494_Characterization_of_olive_oil_produced_with_a_new_enzyme_processing_aid?el=1_x_8&enrichId=rgreq-0c97cf86f1f75bd2ade13a5db91a8966-XXX&enrichSource=Y292ZXJQYWdlOzIyNzUzMzAxNDtBUzoxMDIwNTI1NzUzMTgwMTZAMTQwMTM0MjYzODA4Mg==
https://www.researchgate.net/publication/226143494_Characterization_of_olive_oil_produced_with_a_new_enzyme_processing_aid?el=1_x_8&enrichId=rgreq-0c97cf86f1f75bd2ade13a5db91a8966-XXX&enrichSource=Y292ZXJQYWdlOzIyNzUzMzAxNDtBUzoxMDIwNTI1NzUzMTgwMTZAMTQwMTM0MjYzODA4Mg==
https://www.researchgate.net/publication/226143494_Characterization_of_olive_oil_produced_with_a_new_enzyme_processing_aid?el=1_x_8&enrichId=rgreq-0c97cf86f1f75bd2ade13a5db91a8966-XXX&enrichSource=Y292ZXJQYWdlOzIyNzUzMzAxNDtBUzoxMDIwNTI1NzUzMTgwMTZAMTQwMTM0MjYzODA4Mg==
https://www.researchgate.net/publication/225547683_Antioxidant_activity_of_tocopherols_phenolic_compounds_of_virgin_olive_oil?el=1_x_8&enrichId=rgreq-0c97cf86f1f75bd2ade13a5db91a8966-XXX&enrichSource=Y292ZXJQYWdlOzIyNzUzMzAxNDtBUzoxMDIwNTI1NzUzMTgwMTZAMTQwMTM0MjYzODA4Mg==
https://www.researchgate.net/publication/225547683_Antioxidant_activity_of_tocopherols_phenolic_compounds_of_virgin_olive_oil?el=1_x_8&enrichId=rgreq-0c97cf86f1f75bd2ade13a5db91a8966-XXX&enrichSource=Y292ZXJQYWdlOzIyNzUzMzAxNDtBUzoxMDIwNTI1NzUzMTgwMTZAMTQwMTM0MjYzODA4Mg==
https://www.researchgate.net/publication/225547683_Antioxidant_activity_of_tocopherols_phenolic_compounds_of_virgin_olive_oil?el=1_x_8&enrichId=rgreq-0c97cf86f1f75bd2ade13a5db91a8966-XXX&enrichSource=Y292ZXJQYWdlOzIyNzUzMzAxNDtBUzoxMDIwNTI1NzUzMTgwMTZAMTQwMTM0MjYzODA4Mg==
https://www.researchgate.net/publication/43763641_Good_Manufacturing_Practice_GMP_guidelines_for_virgin_olive_oil_production?el=1_x_8&enrichId=rgreq-0c97cf86f1f75bd2ade13a5db91a8966-XXX&enrichSource=Y292ZXJQYWdlOzIyNzUzMzAxNDtBUzoxMDIwNTI1NzUzMTgwMTZAMTQwMTM0MjYzODA4Mg==
https://www.researchgate.net/publication/43763641_Good_Manufacturing_Practice_GMP_guidelines_for_virgin_olive_oil_production?el=1_x_8&enrichId=rgreq-0c97cf86f1f75bd2ade13a5db91a8966-XXX&enrichSource=Y292ZXJQYWdlOzIyNzUzMzAxNDtBUzoxMDIwNTI1NzUzMTgwMTZAMTQwMTM0MjYzODA4Mg==
https://www.researchgate.net/publication/226144857_Study_on_the_oxidative_rate_and_prooxidant_activity_of_free_fatty_acids?el=1_x_8&enrichId=rgreq-0c97cf86f1f75bd2ade13a5db91a8966-XXX&enrichSource=Y292ZXJQYWdlOzIyNzUzMzAxNDtBUzoxMDIwNTI1NzUzMTgwMTZAMTQwMTM0MjYzODA4Mg==
https://www.researchgate.net/publication/226144857_Study_on_the_oxidative_rate_and_prooxidant_activity_of_free_fatty_acids?el=1_x_8&enrichId=rgreq-0c97cf86f1f75bd2ade13a5db91a8966-XXX&enrichSource=Y292ZXJQYWdlOzIyNzUzMzAxNDtBUzoxMDIwNTI1NzUzMTgwMTZAMTQwMTM0MjYzODA4Mg==
https://www.researchgate.net/publication/226144857_Study_on_the_oxidative_rate_and_prooxidant_activity_of_free_fatty_acids?el=1_x_8&enrichId=rgreq-0c97cf86f1f75bd2ade13a5db91a8966-XXX&enrichSource=Y292ZXJQYWdlOzIyNzUzMzAxNDtBUzoxMDIwNTI1NzUzMTgwMTZAMTQwMTM0MjYzODA4Mg==
https://www.researchgate.net/publication/223059308_Free_Radical-Scavenging_Properties_of_Olive_Oil_Polyphenols?el=1_x_8&enrichId=rgreq-0c97cf86f1f75bd2ade13a5db91a8966-XXX&enrichSource=Y292ZXJQYWdlOzIyNzUzMzAxNDtBUzoxMDIwNTI1NzUzMTgwMTZAMTQwMTM0MjYzODA4Mg==
https://www.researchgate.net/publication/223059308_Free_Radical-Scavenging_Properties_of_Olive_Oil_Polyphenols?el=1_x_8&enrichId=rgreq-0c97cf86f1f75bd2ade13a5db91a8966-XXX&enrichSource=Y292ZXJQYWdlOzIyNzUzMzAxNDtBUzoxMDIwNTI1NzUzMTgwMTZAMTQwMTM0MjYzODA4Mg==
https://www.researchgate.net/publication/223059308_Free_Radical-Scavenging_Properties_of_Olive_Oil_Polyphenols?el=1_x_8&enrichId=rgreq-0c97cf86f1f75bd2ade13a5db91a8966-XXX&enrichSource=Y292ZXJQYWdlOzIyNzUzMzAxNDtBUzoxMDIwNTI1NzUzMTgwMTZAMTQwMTM0MjYzODA4Mg==
https://www.researchgate.net/publication/12021639_Effect_of_enzyme_treatment_during_mechanical_extraction_of_olive_oil_on_phenolic_compounds_and_polysaccharides?el=1_x_8&enrichId=rgreq-0c97cf86f1f75bd2ade13a5db91a8966-XXX&enrichSource=Y292ZXJQYWdlOzIyNzUzMzAxNDtBUzoxMDIwNTI1NzUzMTgwMTZAMTQwMTM0MjYzODA4Mg==
https://www.researchgate.net/publication/12021639_Effect_of_enzyme_treatment_during_mechanical_extraction_of_olive_oil_on_phenolic_compounds_and_polysaccharides?el=1_x_8&enrichId=rgreq-0c97cf86f1f75bd2ade13a5db91a8966-XXX&enrichSource=Y292ZXJQYWdlOzIyNzUzMzAxNDtBUzoxMDIwNTI1NzUzMTgwMTZAMTQwMTM0MjYzODA4Mg==
https://www.researchgate.net/publication/12021639_Effect_of_enzyme_treatment_during_mechanical_extraction_of_olive_oil_on_phenolic_compounds_and_polysaccharides?el=1_x_8&enrichId=rgreq-0c97cf86f1f75bd2ade13a5db91a8966-XXX&enrichSource=Y292ZXJQYWdlOzIyNzUzMzAxNDtBUzoxMDIwNTI1NzUzMTgwMTZAMTQwMTM0MjYzODA4Mg==
https://www.researchgate.net/publication/12021639_Effect_of_enzyme_treatment_during_mechanical_extraction_of_olive_oil_on_phenolic_compounds_and_polysaccharides?el=1_x_8&enrichId=rgreq-0c97cf86f1f75bd2ade13a5db91a8966-XXX&enrichSource=Y292ZXJQYWdlOzIyNzUzMzAxNDtBUzoxMDIwNTI1NzUzMTgwMTZAMTQwMTM0MjYzODA4Mg==
https://www.researchgate.net/publication/285359918_Dosaggio_dei_componenti_minori_polari_CMP_in_oli_vergini_di_oliva?el=1_x_8&enrichId=rgreq-0c97cf86f1f75bd2ade13a5db91a8966-XXX&enrichSource=Y292ZXJQYWdlOzIyNzUzMzAxNDtBUzoxMDIwNTI1NzUzMTgwMTZAMTQwMTM0MjYzODA4Mg==
https://www.researchgate.net/publication/285359918_Dosaggio_dei_componenti_minori_polari_CMP_in_oli_vergini_di_oliva?el=1_x_8&enrichId=rgreq-0c97cf86f1f75bd2ade13a5db91a8966-XXX&enrichSource=Y292ZXJQYWdlOzIyNzUzMzAxNDtBUzoxMDIwNTI1NzUzMTgwMTZAMTQwMTM0MjYzODA4Mg==
https://www.researchgate.net/publication/285359918_Dosaggio_dei_componenti_minori_polari_CMP_in_oli_vergini_di_oliva?el=1_x_8&enrichId=rgreq-0c97cf86f1f75bd2ade13a5db91a8966-XXX&enrichSource=Y292ZXJQYWdlOzIyNzUzMzAxNDtBUzoxMDIwNTI1NzUzMTgwMTZAMTQwMTM0MjYzODA4Mg==
https://www.researchgate.net/publication/285635858_Relationship_of_the_acidity_of_olive_oil_to_its_resistance_to_oxidation?el=1_x_8&enrichId=rgreq-0c97cf86f1f75bd2ade13a5db91a8966-XXX&enrichSource=Y292ZXJQYWdlOzIyNzUzMzAxNDtBUzoxMDIwNTI1NzUzMTgwMTZAMTQwMTM0MjYzODA4Mg==
https://www.researchgate.net/publication/285635858_Relationship_of_the_acidity_of_olive_oil_to_its_resistance_to_oxidation?el=1_x_8&enrichId=rgreq-0c97cf86f1f75bd2ade13a5db91a8966-XXX&enrichSource=Y292ZXJQYWdlOzIyNzUzMzAxNDtBUzoxMDIwNTI1NzUzMTgwMTZAMTQwMTM0MjYzODA4Mg==
https://www.researchgate.net/publication/285635858_Relationship_of_the_acidity_of_olive_oil_to_its_resistance_to_oxidation?el=1_x_8&enrichId=rgreq-0c97cf86f1f75bd2ade13a5db91a8966-XXX&enrichSource=Y292ZXJQYWdlOzIyNzUzMzAxNDtBUzoxMDIwNTI1NzUzMTgwMTZAMTQwMTM0MjYzODA4Mg==
https://www.researchgate.net/publication/303209996_Phenols_in_olive_oil?el=1_x_8&enrichId=rgreq-0c97cf86f1f75bd2ade13a5db91a8966-XXX&enrichSource=Y292ZXJQYWdlOzIyNzUzMzAxNDtBUzoxMDIwNTI1NzUzMTgwMTZAMTQwMTM0MjYzODA4Mg==
https://www.researchgate.net/publication/303209996_Phenols_in_olive_oil?el=1_x_8&enrichId=rgreq-0c97cf86f1f75bd2ade13a5db91a8966-XXX&enrichSource=Y292ZXJQYWdlOzIyNzUzMzAxNDtBUzoxMDIwNTI1NzUzMTgwMTZAMTQwMTM0MjYzODA4Mg==

B Zanoni er al

28 Frega N, Mozzon M and Lercker G, Effects of free fatty acids
on oxidative stability of vegetable oil. ¥ Am Oil Chem Soc
76:1380—1384 (1986).

29 Allam SSH, Utilization of some untraditional sources of high
oleic acid oils for improving vegetable oil stability. Riv Iral
Sost Grasse LXXVIII:337-341 (2001).

1498

30 Tsimidou M, Polyphenols and quality of virgin olive oil in
retrospect. Iral ¥ Food Sci 2:99-116 (1998).

31 Aparicio R, Alonso MV, Morales MT and Calvente JJ,
Relationship between the COI test and other sensory
profiles by statistical procedures. Gras Aceit 45:26—41
(1994).

J Sci Food Agric 85:1492-1498 (2005)


https://www.researchgate.net/publication/227533014

