
ABSTRACT: Oxidation is the primary cause of virgin olive 
oil quality deterioration. This paper presents a correlation be-
tween oxidative stability, as determined by the Rancimat
method, and some chemical components involved in the oxi-
dation process of a set of 74 Cornicabra virgin olive oils ob-
tained from three successive crop seasons (94/95 to 96/97). Re-
sults showed a clear influence of total polyphenols on virgin
olive oil stability, with linear regression coefficients which were
similar for the three seasons studied, and a much lower contri-
bution of α-tocopherol and unsaturated fatty acids, mainly
linoleic acid. A significant effect dependent on the crop season
was also observed.
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Virgin olive oil’s characteristic aroma, taste, and color distin-
guish it from other edible vegetable oils. Its excellent
organoleptic and nutritive properties, together with the cur-
rent tendency of consumers to select the least-processed
foods, have prompted a reassessment of its consumption in
the regular diet. It is therefore a matter of great concern for
the olive oil industry to preserve its product without loss of
these positive attributes. Furthermore, it would be very useful
to be able to predict olive oil stability and shelf life from a
single, or a few, analytical or quality parameters.

Deterioration of oil quality is mainly due to oxidation
caused by the high reactivity of free radicals to fatty acids (1).
Although rapid methods of assessing the oxidative stability
of oils, like the Rancimat apparatus (2), which correlates well
with the active oxygen method (3), have been introduced,
none of the established quality criteria has been reported to
correlate well with the shelf life of olive oil.

Oxidative stability must be related to the concentration of
some olive oil chemical components, in particular unsaturated
fatty acids and natural antioxidants; however, the exact role
of individual compounds has not been yet firmly established.

The relative rate of oxidation of oleate, linoleate, and
linolenate was reported to be 1, 40–50, and 100 times, respec-
tively (1), and it was suggested that oil stability be evaluated
by means of a formula that includes monounsaturated,
linoleic, and linolenic acid content, denominated Oxidative
Susceptibility (4).

It has been reported by many authors that virgin olive oils
with high polyphenol content are more resistant to autoxida-
tion (5–12). Oxidative stability correlated mainly with the
concentration of hydrophilic phenols, which were evaluated
colorimetrically with the Folin Ciocalteau reagent; however,
tyrosol, the main phenol present in olive oil, showed practi-
cally no antioxidant effect (13). Furthermore, three new nat-
ural secoiridoid compounds, derivatives of oleuropeine and
ligstroside that possess antioxidant activity, have been iso-
lated from virgin olive oil (14–16). As a result, although the
level of phenolic compounds has been related to oil stability,
it is not yet sufficiently clear what compounds are responsi-
ble for the antioxidant activity.

Tocopherols in virgin olive oil are important for their an-
tioxidant nutritional quality (17,18). The existence of a corre-
lation between tocopherols and oil stability has not been well
established (19). Although the synergistic effect of these com-
pounds on polyphenol antioxidant activity has been demon-
strated (20), no good correlation between oxidative stability,
determined by Rancimat method, and total tocopherols has
been found in virgin olive oils (4,12).

It has been known since the 1960s that 4-methyl-sterols
isolated from the unsaponifiable fraction of wheat germ and
corn oils inhibit oxidation of linoleic acid during frying (21).
Though the main olive oil sterol is β-sitosterol, oils that con-
tain up to 9% of ∆5-avenasterol have been found (22), and the
antioxidant activity of this compound has been studied by
Williamson (23).

Chlorophyll and carotenoid compounds also play an impor-
tant role in the oxidative stability of processed foodstuffs due
to their antioxidant nature in the dark and prooxidant activity
in the light (24). The photooxidative activity of chlorophylls
and their derivatives via singlet oxygen formation has been
demonstrated in experiments on decolored olive oils (25).

This paper presents a correlation between oxidative stabil-
ity, determined by the Rancimat method, and some chemical
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variables involved in the oxidation process of a set of 74 Cor-
nicabra virgin olive oils obtained from three successive crop
seasons (1994/95 to 1996/97). It is a preliminary study prior
to deeper analyses of the relationship between stability
(and/or antioxidant activity) and individual olive oil chemical
components, in an attempt to establish a correlation between
olive oil stability and shelf life, and a single, or a few, analyt-
ical or quality parameters.

The Cornicabra variety used in this study covers an area
of 300,000 Ha, mainly located in the center of Spain, and ac-
counts for 14% of the total production; the fat yield of the
fruit is 23% of fresh weight and its oil is valued for its high
stability and good sensory characteristics (26).

MATERIALS AND METHODS

Oil samples. Virgin olive oil samples (n = 74) of Cornicabra
variety were collected from industrial oil mills located in the
production areas of Toledo and Ciudad Real (Castilla-La
Mancha) during the crop seasons 1994/95, 1995/96, and
1996/97. Samples were filtered with anhydrous Na2SO4 and
stored at 4°C in darkness using amber glass bottles without
head space until analysis.

Analytical methods. Determination of free acidity, perox-
ide index, ultraviolet light (UV) absorption characteristics,
and fatty acid composition were carried out following the an-
alytical methods described in Regulations EEC/2568/91 and
EEC/1429/92 of the Commission of the European Union (27).

Free acidity, given as percentage of oleic acid, was deter-
mined by titration of a solution of oil dissolved in
ethanol/ether (1:1) with ethanolic potash.

Peroxide value, expressed in milliequivalents of active
oxygen per kilogram of oil (meq/kg), was determined as fol-
lows: a mixture of oil and chloroform/acetic acid was left to
react with a solution of potassium iodide in darkness; the free
iodine was then titrated with a sodium thiosulfate solution.

K232 and K270 extinction coefficients were calculated from
absorption at 232 and 270 nm, respectively, with an UV spec-
trophotometer (Hewlett-Packard, HP 8452A), using a 1% so-
lution of oil in cyclohexane and a path length of 1 cm.

Oxidative stability was evaluated by the Rancimat method
since it is a fast and reliable analytical procedure (3). Stabil-
ity was expressed as the oxidation induction time (hours)
measured with the Rancimat 679 apparatus (Metrohm,
Herisau, Switzerland), using an oil sample of 3.5 g, warmed
to 98°C, and an air flow of 10 L/h.

Phenolic compounds were isolated by three successive ex-
tractions of a solution of oil in hexane with a water/methanol
mixture (60:40). To a suitable aliquot of the combined ex-
tracts, the Folin-Ciocalteau reagent (Merck, Darmstadt, Ger-
many) was added and the absorption of the solution at 725 nm
was measured. Values are given as milligrams of gallic acid
per kilogram of oil (28).

Tocopherols were evaluated following the AOCS Method
Ce 8-89 (29). A solution of oil in hexane was analyzed by
high-performance liquid chromatography (Waters 2690) on a

silica gel Lichrosorb Si-60 column (particle size 5 µm, 250
mm × 4.6 mm i.d.; Sugerlabor, Madrid, Spain), that was
eluted with hexane/2-propanol (98.5:1.5) at a flow rate of 1
mL/min. A fluorescence detector (Waters 470) with excita-
tion and emission wavelengths set at 290 and 330 nm, respec-
tively, was used.

Chlorophyll and carotenoid compounds (mg/kg) were deter-
mined at 472 and 670 nm in cyclohexane using the specific ex-
tinction values, by the method of Minguez-Mosquera et al. (30).

For the determination of fatty acid composition, the methyl
esters were prepared by vigorous shaking of a solution of oil
in hexane (0.2 g in 3 mL) with 0.4 mL of 2 N methanolic
potash, and analyzed by gas chromatography (GC) with a
Hewlett-Packard 5890 chromatograph equipped with a flame-
ionization detector. A fused-silica column (50 m length × 0.25
mm i.d.) coated with SGL-1000 phase (0.25 µm thickness;
Sugerlabor) was used. Helium was used as carrier gas with a
flow through the column of 1 mL/min. The temperature of the
injector and detector was set at 250°C, whereas the oven tem-
perature was 210°C. An injection volume of 1 µL was used.

Sterols (%) were determined by GC (Hewlett-Packard
5890) with a capillary column (25 m length × 0.25 mm i.d.)
coated with SGL-5 (0.25 µm thickness; Sugerlabor). Work-
ing conditions were as follows: carrier gas, helium; flow
through the column, 1.2 mL/min; injector temperature,
280°C; detector temperature, 290°C; oven temperature,
260°C; injection volume 1 µL.

Analytical determinations were carried out at least in du-
plicate.

Statistical analysis. Statistical analysis was performed
using the NCSS 6.0 statistical software (31). Differences were
considered statistically significant when probability was
greater than 95% (P < 0.05).

RESULTS AND DISCUSSION

The large majority of the values obtained for free acidity, per-
oxide value, and UV absorption characteristics, with the ex-
ception of acidity in twelve 1994/95 samples, complied with
the regulations of the European Union Commission
(EEC/656/95 and posterior modification EEC/656/95) for the
highest category “extra” virgin olive oils.

Pearson’s correlation coefficients between oxidative sta-
bility (dependent variable) and some analytical determina-
tions studied (independent variables) are summarized in Table
1. Olive oil samples from the crop seasons were treated as
three separate data sets taking into account that, as previously
observed for the same olive variety (32), the harvest year may
affect oil classification. A high correlation, consistent through
the three seasons, was observed for total polyphenols content
(from 0.873 to 0.927). The correlation obtained with each of
the three years studied was higher than that with the total
number of olive oil samples. A good direct correlation be-
tween oxidative stability and total polyphenols content deter-
mined by a colorimetric method has been reported by many
authors (6–8,10–12).
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α-Tocopherol concentration showed a much lower corre-
lation with oxidative stability (0.510–0.870). Although this
component apparently has only a low effect on oxidative sta-
bility, the synergistic effect of α-tocopherol on polyphenol
antioxidant activity has been demonstrated (20).

The high correlation observed for α-tocopherol in the year
1995/96 (0.870) could be explained by the similar correlation
obtained that particular year between α-tocopherol and
polyphenols: 0.837 (Table 2). In a similar way, the correla-
tion with polyphenols could explain the high correlation ob-
served between oxidative stability and oleic and linoleic acid
in the season 1996/97, as well as with other oil compounds.
Pearson’s correlation coefficients between polyphenols and
some chemical components are shown in Table 2.

Linear regression obtained for oxidative stability vs. total
polyphenols content in Cornicabra virgin olive oils is shown
in Figure 1 and Table 3. The three resulting lines, one for each
crop season, are almost parallel, with a slope ranging from
0.288 to 0.355, whereas the intercept increased from the sea-

son 1994/95 to 1996/97 (from −20.4 up to 18.9). This means
that with similar polyphenol content, the oxidative stability
of the oils increased from season 1994/95 to 1996/97. This
effect may be explained if we consider that a statistically sig-
nificant difference was observed in many analytical and qual-
ity parameters with respect to the crop season for this variety
(32). By way of example, Figure 2 shows distribution plots
for free acidity and peroxide value for the three years studied.
It should also be noted that the season 1994/95 was charac-
terized by several preceding years of drought.

A new Pearson’s correlation analysis was carried out spec-
ifying polyphenol content as a partial variable (NCSS 6.0).
The linear influence of this variable is removed by sweeping
it out of the matrix. This provides a statistical adjustment to
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TABLE 1
Pearson’s Correlation Coefficients Between Oxidative Stability (de-
pendent variable) and Some Analytical Determinations (independent
variables) for Cornicabra Virgin Olive Oil Samples Obtained from
Three Crop Seasons (n = 74)

Variable 1994/95 1995/96 1996/97 Total

Free acidity 0.1700 −0.6701 −0.5960 −0.5323
Peroxide value −0.4284 −0.3341 0.5729 −0.2025
K232 −0.2498 −0.0759 0.6081 −0.2371
K270 −0.2730 −0.0163 0.4147 −0.0508
Oxidative stability 1.0000 1.0000 1.0000 1.0000
Chlorophylls 0.1081 0.5376 0.5763 0.4360
Carotenoids 0.1237 0.5524 0.6405 0.4718
Polyphenols 0.9190 0.9269 0.8728 0.8374
α-Tocopherol 0.6284 0.8708 0.5097 0.6048
C18:1 −0.0208 −0.2486 0.7718 0.0042
C18:2 0.0004 −0.3111 −0.8741 −0.3036
C18:3 0.2497 0.6511 0.2450 0.2975
β-Sitosterol 0.0128 0.6667 0.2519 0.3079
∆5-Avenasterol −0.1040 −0.5790 −0.1332 −0.1956

TABLE 2
Pearson’s Correlation Coefficients Between Polyphenols and Some
Other Analytical Determinations for Cornicabra Virgin Olive Oil 
Samples Obtained from Three Crop Seasons (n = 74)

1994/95 1995/96 1996/97 Total

Free acidity 0.1169 −0.6181 −0.5108 −0.3584
Peroxide value −0.4531 −0.3022 0.4161 −0.0760
K232 −0.0720 0.1376 0.7195 0.1067
K270 −0.0412 0.0161 0.3872 0.1310
Oxidative stability 0.9190 0.9269 0.8728 0.8374
Chlorophylls 0.0573 0.4063 0.4628 0.3893
Carotenoids 0.1519 0.4195 0.5189 0.4261
Polyphenols 1.0000 1.0000 1.0000 1.0000
α-Tocopherol 0.6054 0.8373 0.4315 0.5297
C18:1 −0.0352 −0.5046 0.5091 −0.0421
C18:2 0.0742 −0.0588 −0.7065 −0.2342
C18:3 0.3526 0.7225 0.2856 0.3511
β-Sitosterol 0.1071 0.6885 0.0723 0.3232
∆5-Avenasterol −0.1091 −0.6275 0.0423 −0.2304

TABLE 3
Linear Regression of Oxidative Stability vs. Total Polyphenol 
Content for Cornicabra Virgin Olive Oil Samples Obtained from
Three Crop Seasons (n = 74)

Crop Season Slope Intercept r 2

1994/95 0.355 ± 0.031 −20.4 ± 5.7 0.845
1995/96 0.288 ± 0.027 11.1 ± 5.8 0.859
1996/97 0.314 ± 0.036 18.9 ± 8.2 0.762
Total 0.327 ± 0.025 1.1 ± 5.3 0.701

FIG. 1. Linear regression of oxidative stability vs. total polyphenol con-
tent for Cornicabra virgin olive oil samples obtained from three crop
seasons (n = 74).



the remaining variables using multiple regression and allows
the analysis of the relationship between oxidative stability
and other components like α-tocopherol and unsaturated fatty
acids (Table 4). By this means it was observed that a good re-
lationship with oleic and linoleic acids was maintained in the
season 1996/97 (0.780 and −0.745, respectively); a similar
correlation showed up for the season 1995/96.

With respect to unsaturated fatty acid content of olive oil,
some authors have suggested a relationship between oxida-
tive stability and the oxidative susceptibility (OS) of the oil,
where OS is equal to monounsaturated fatty acids + 45 ×
linoleic acid +100 × linolenic acid (4). In a similar way, we
wanted to verify the validity of a relationship between stabil-
ity and the polyunsaturated/monounsaturated ratio of the C18
fatty acids series (R18), where R18 is equal to (C18:2 + n
C18:3)/C18:1 (since oleic acid showed a positive correlation
with oxidative stability). The factor n indicates the difference
in the velocity of the autoxidation reaction of the two polyun-
saturated fatty acids. Some authors have indicated that this
factor is close to 2 (1). Nonlinear regressions were performed;
the best n value obtained for the olive oil samples analyzed
was between 1.5 and 5 and was dependent on the crop sea-
son. However, no important variations in the resulting r 2

value were observed when the value of 2 was used. In all
cases, similar correlation has been obtained for linoleic acid
(C18:2), OS, or R18 (Table 4).
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TABLE 4
Pearson’s Correlation Coefficients Between Oxidative Stability and 
Unsaturated Fatty Acids or α-Tocopherol for Cornicabra Virgin Olive
Oil Samples Obtained from Three Crop Seasons (n = 74)

1994/95 1995/96 1996/97 Total

Partial variable: polyphenols

Polyphenols 0.0000 0.0000 0.0000 0.0000
α-Tocopherol 0.2298 0.4618 0.3023 0.3477
C18:1 0.0294 0.6763 0.7796 0.0721
C18:2 −0.1722 −0.6848 −0.7452 −0.2024
C18:3 −0.2014 −0.0715 −0.0092 0.0069
OSa −0.1907 −0.6692 −0.7453 −0.1811
R18b −0.1777 −0.6894 −0.7584 −0.1753

Partial variables: polyphenols and α-tocopherol

Polyphenols 0.0000 0.0000 0.0000 0.0000
α-Tocopherol 0.0000 0.0000 0.0000 0.0000
C18:1 0.1266 0.7774 0.7761 0.3581
C18:2 −0.3078 −0.7659 −0.7147 −0.4172
C18:3 −0.3441 −0.3583 −0.2416 −0.3444
OSa −0.3429 −0.7923 −0.7178 −0.4484
R18b −0.3287 −0.8068 −0.7319 −0.4450
aOxidative susceptibility (4).
bPolyunsaturated/monounsaturated ratio of C18 fatty acids. See text.

FIG. 2. Distribution plots for free acidity and peroxide value for Corni-
cabra virgin olive oil samples obtained from three crop seasons (n = 74).

TABLE 5
r2 Values Obtained in the Linear Regression Between Oxidative Stability and Polyphenols,
α-Tocopherol and/or Unsaturated Fatty Acids for Cornicabra Virgin Olive Oil Samples 
Obtained from Three Crop Seasons (n = 74)a

Variable 1994/95 1995/96 1996/97 Total

Polyphenols 0.844 0.859 0.762 0.701
Polyphenols and α-tocopherol 0.853 0.889 0.783 0.737
Polyphenols and C18:2 0.849 0.925 0.894 0.713
Polyphenols and OS 0.850 0.922 0.894 0.711
Polyphenols and R18 0.849 0.926 0.899 0.710
Polyphenols, α-tocopherol and C18:2 0.867 0.954 0.894 0.783
Polyphenols, α-tocopherol and OS 0.870 0.959 0.895 0.790
Polyphenols, α-tocopherol and R18 0.869 0.961 0.8995 0.789
aFor abbreviations see Table 4.



When the variable α-tocopherol content was included in the
multivariate regression on top of that of total polyphenols, the
Pearson’s correlation coefficient between oxidative stability
and unsaturated fatty acids (oleic acid, linoleic acid, OS, or
R18) increased in seasons 1995/96 and 1994/95 and was main-
tained in 1996/97 (Table 4). This effect could indicate that α-
tocopherol is a variable, like polyphenols and unsaturated fatty
acids, to take into account in the study of the relationship be-
tween oxidative stability and chemical composition of olive oil.

The increase in the linear regression correlation parameter
r 2 considering one variable (polyphenols), two variables
(polyphenols and α-tocopherol or unsaturated fatty acids), and
three variables is shown in Table 5. A small increase in the
correlation was obtained in 1994/95 with the introduction of a
second variable in the regression equation; also, with all three
variables the maximum observed increase was only 0.026,
which gave a final r 2-value of 0.870. Higher increases were
observed in the seasons 1995/96 and 1996/97. In the former,
the r2 improved by 0.067 and 0.102 with the addition of R18
and both R18 and α-tocopherol, respectively, with a final
value of 0.926 and 0.961 in 1995/96. In the latter season
(1996/97), on the other hand, the introduction of R18 raised
the correlation by 0.137 and practically no additional benefits
were obtained by addition of the variable α-tocopherol. Small
differences only were observed using linoleic acid, OS, or R18
as unsaturated fatty acid variable in the regression equation.

Regression equations for two (polyphenols and R18) and
three (polyphenols, α-tocopherol, and R18) variables are re-
ported in Table 6. The effect due to the crop year mentioned
above is visible here as well, in particular in the different val-
ues obtained for the intercept. This effect needs to be studied
and defined because it may be possible to obtain a single
equation, valid for any crop season, with a fixed relationship
between the two or three major variable coefficients
(polyphenols, α-tocopherols, and/or unsaturated fatty acids)
to predict oxidative stability.

Results obtained in this work show that multivariate statis-
tical evaluation of some olive oil chemical characteristics and
quality criteria may be important in predicting the stability of

this valuable natural product. However, additional research
on a larger number of samples from other crop seasons and
varieties is required to determine the effect of olive oil chem-
ical components on oxidative stability, to develop a predic-
tive equation for oxidative stability based on a few chemical
compounds, and to study the relationship between oxidative
stability and olive oil shelf life.
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