
ABSTRACT: The chlorophyll and carotenoid pigment compo-
sition in 12 mono-variety virgin olive oils was examined every
30 d during 1 yr of storage at 15°C in darkness. The oil authen-
ticity parameters, as defined by the ratio of chlorophylls/
carotenoids and the ratio of minor carotenoids/lutein, remained
stable throughout storage, irrespective of the variety and degree
of ripeness of the source fruit. The percent of violaxanthin, per-
cent of lutein, and total pigment content, the classifying vari-
ables chosen as the best possible discriminators among olive
varieties, also remained stable during storage. The prediction
model for olive variety, which was based on a discriminant mul-
tivariate analysis of the observed values of these variables, gave
a correct classification in 99.6% of the oils analyzed. The dis-
criminant criterion established remained valid after 1 yr of oil
storage. The detection of chlorophyll derivatives other than
those associated with the physical extraction process was seen
as a quality index, as small, analytically detectable transforma-
tions in the structure of pigments were indicative of oil storage.
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The crop from the olive tree alternates between high and low
production from year to year, a condition known as “veceria.”
As a result, when the olive crop is plentiful, large amounts of
oil are produced, part of which is stored in reserve for its com-
mercialization the following year. The conditions under which
the virgin olive oil must be stored before marketing can affect
its chemical composition, and thereby its flavor and stability.

The literature includes studies aimed at understanding how
parameters related to the oxidative stability of packaged vir-
gin olive oil behave during its shelf life before reaching the
consumer. Thus, Pagliarini et al. (1) have proposed models to
predict the stability of extra virgin olive oil under various
commercial conditions, and Procida and Cichelli (2) have
studied changes in the antioxidant fraction of extra virgin
olive oils stored in different types of packaging. 

The photosensitizing capacity of the chlorophyll pigments
has stimulated research aimed at knowing the effect of such
compounds on the oxidative stability of oils under different
storage conditions. Thus, Gutiérrez-Rosales et al. (3) studied

the effect of adding chlorophylls on the stability of virgin
olive oil during 3 mon of storage at 36°C in both light and
darkness. The authors found that for oils stored in darkness,
the concentration of the chlorophyll fraction remained con-
stant throughout storage, whereas for those stored in light, the
chlorophylls disappeared after 7 d. In no case did they ob-
serve a prooxidant effect associated with the photosensitizing
nature of these compounds. However, Khan and Shahidi (4),
who studied virgin olive oils kept at 60°C in light and in dark-
ness, concluded that the chlorophylls do play a part in photo-
oxidation. Psomiadou and Tsimidou (5,6) studied the stability
of virgin olive oils to autoxidation and photo-oxidation by
monitoring the presence of different minor components,
among which were chlorophylls. They found an antioxidant
role for such compounds that favored the stability of oils
stored in darkness, whereas in the light the effect of the com-
pounds could be prooxidant, depending on their concentra-
tion. The effect of the oxidative stability of a virgin olive oil
on its initial organoleptic characteristics also has been estab-
lished (7), since these qualities can be lost, above all when
the oil is stored in the light (8). 

One of the organoleptic characteristics most seriously af-
fected during oil conservation is color, a quality attribute con-
ferring commercial value. The color of a virgin olive oil is due
to the solubilization of the lipophilic chlorophyll and carot-
enoid pigments present in the source fruit. Recently, Gandul-
Rojas et al. (9) established the profile of intrinsic chlorophyll
and carotenoid pigments of virgin olive oil in a study carried
out with 50 mono-variety virgin olive oils, and proposed its
use as an index of authenticity. The presence in virgin olive
oil of carotenoid or chlorophyll pigments not described for this
product can be used to determine whether its color is adulter-
ated. Those authors also established that in all virgin olive oils,
irrespective of the olive variety, the ratio of total chloro-
phylls/total carotenoids is around 1.14 ± 0.04 (SE). Similarly,
the ratio of minor carotenoids/lutein is around 0.47 ± 0.03, ex-
cept in the particular case of oils from cv. Arbequina olives,
which have a value greater than 1, and in which this parame-
ter—besides authenticating the oil as “virgin olive”—distin-
guishes the olive variety. In addition to these two parameters
of authenticity, the percentage of violaxanthin (%V), the per-
centage of lutein (%L), and the total pigment content (TPC)
were ideal classificatory variables because they distinguished
between mono-variety virgin olive oils, enabling a model to
be developed to predict the olive variety of the oil.
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The aim of the present study was to monitor possible vari-
ations in the established profile of chlorophyll and carotenoid
pigments inherent in recently extracted virgin olive oil, and
in the ratios between the different pigment fractions, when
the oil must be stored in seasons of surplus production.

MATERIALS AND METHODS

Raw materials. The study was carried out using 12 mono-
variety virgin olive oils (that is, each extracted from the fruit of
a single variety) of five different olive cultivars from the main
producing areas of Spain. Recently extracted oils were re-
quested from industries throughout the entire harvesting sea-
son to obtain the greatest possible variability in oil color. The
olive oil extraction process consisted of the following opera-
tions: preparation of a paste by milling and beating the fruit to
form an oily continuous phase, solid–liquid separation by cen-
trifugal decantation, and separation of the vegetable water by
centrifugation (10). Oil samples were taken in the olive mill at
the end of this process, at the outlet from the centrifuge. The
samples provided were as follows: cv. Arbequina (A1, A2, A3,
and A4) by the Cooperativa La Paz (Estepa, Seville); cv. Blan-
queta (B1) by the Cooperatives Oleicoles Valencianes (Muro,
Alicante); cv. Cornicabra (C1 and C2) by Aceites Toledo S.A.
(Los Yébenes, Toledo); cv. Hojiblanca (H1, H2, and H3) by
Olivarera Sor Angela de la Cruz (Estepa, Seville); and cv.
Picual (P1 and P2) by Finca Venta del Llano (Menjibar, Jaén).
An immediate analysis (initial, or time zero) was performed on
the extracted oils. Next, the oils were distributed into amber
glass jars of 65-mL capacity, with 3% (vol/vol) headspace. The
jars were closed so as to be airtight and stored in a refrigerated
chamber at 15°C in darkness. The samples were analyzed
monthly for 1 yr. All analyses were performed in triplicate.

Extraction of pigments. Pigment extraction was performed
with N,N-dimethylformamide (DMF) according to Mínguez-
Mosquera et al. (11). The technique is based on the selective
separation of components between DMF and hexane. The
hexane phase carried over lipids and the carotene fraction,
whereas the DMF phase retained chlorophylls and xantophylls.
This system yielded a solution of pigments free from oil, which
interferes with subsequent separation and quantification of pig-
ments. All analyses were performed under green light.

Analysis of pigments. Analyses were carried out by HPLC
using a liquid chromatograph fitted with an automatic injec-
tor and diode array detector. Data were collected and
processed with an LC HP ChemStation (Rev. A.05.04). A
stainless-steel column (25 × 0.46 cm i.d.), packed with 5 µm
C18 Spherisorb ODS-2 (Teknokroma, Barcelona, Spain) was
used. The column was protected with a precolumn (1 × 0.4
cm i.d.) packed with the same material. The solution of pig-
ments in acetone was centrifuged at 13,000 × g prior to injec-
tion into the chromatograph (20 µL). Separation was per-
formed using an elution gradient (flow rate 2 mL min−1) with
two mobile phases: (A) water/ion pair reagent/methanol
(1:1:8, by vol), and (B) acetone/methanol (1:1, vol/vol). The
ion pair reagent was 0.05 M tetrabutylammonium acetate
(Fluka Chemie AG, Buchs, Switzerland) and 1 M ammonium

acetate (Fluka) in water. The gradient scheme was described
in detail in a previous work (12). Detection was simultane-
ously performed at 410, 430, 450, and 666 nm. Details on pig-
ment identification and quantification by use of an external
standard have been described in previous papers (13–15).

Statistical analysis of data. Data were interpreted by
ANOVA, linear regression, and multivariate statistical analyses
using the program SPSS for Windows v. 8.0.1S (1989–1998,
SPSS Inc., Chicago, IL). Discriminant analysis was used to clas-
sify the oils, according to their mono-variety origin, into mutu-
ally exclusive groups based on the values observed for the set
of independent variables, %V, %L, and TPC. The discriminant
rule obtained thereby enabled a virgin olive oil of unknown ori-
gin to be assigned to a particular variety.

RESULTS AND DISCUSSION

Chlorophyll and carotenoid composition of the recently ex-
tracted oils. All the oils used in the present study showed the
same initial qualitative composition in chlorophyll and
carotenoid pigments, irrespective of the olive variety and the
time of picking, in accordance with the profile determined in a
previous work for virgin olive oil (9). Thus, the oils contained
chlorophylls a and b, pheophytins a and b, and (in some sam-
ples) traces of oxidized chlorophyll derivatives, such as 13-OH-
pheophytin a and 151-OH-lactone pheophytin a. The carotenoid
fraction included lutein, β-carotene, β-cryptoxanthin, violaxan-
thin, neoxanthin, antheraxanthin, and the isomers 5,8-furanoid
luteoxanthin, auroxanthin, and mutatoxanthin. Additionally, es-
terified xanthophylls and dephytylated chlorophyll derivatives
were detected in the oils of cv. Arbequina; these compounds are
present exclusively in this olive variety (15).

To confirm the parameters of authenticity established in
the earlier work (9), as defined by the ratio of chlorophylls/
carotenoids and the ratio of minor carotenoids/lutein, correla-
tions were calculated between each pair of variables. The cor-
relation found between chlorophylls and carotenoids was a
straight line of slope B ± SE = 1.18 ± 0.07 (R = 0.98, n = 12).
The linear regression model passing through the origin
showed the best correlation coefficient, with a significance
lower than 0.01%. Thus, the slope directly expressed the
value of this parameter or ratio. This model was able to fit the
12 oils of the overall study, independent of the variety and de-
gree of ripeness of the source olive, and was not statistically
different (Duncan’s test, P < 0.05) from that established ear-
lier (B ± SE = 1.14 ± 0.04) (9). Analysis of the residual val-
ues showed that 2 of the 12 oils used in the study had a SD
with an absolute value greater than 1× the mean SD of the
residuals. One of them, H1, with a positive residual value,
was an oil obtained from barely ripe olives (beginning of har-
vest); the other, H3, with a negative residual value, was an oil
from very ripe olives (the end of picking).

Regarding the correlation between the minor carotenoids and
lutein, the process was similar, yielding the straight line B ± SE
= 0.48 ± 0.06 (R = 0.91, n = 12). In this case, all the residual val-
ues greater than 1× the mean SD of the residuals were for oils
of cv. Arbequina. This made it possible to analyze correlations
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that were specific to these cases (B ± SE = 1.20 ± 0.02; R = 1, 
n = 4). Besides authenticating oils as virgin olive oils, the ratio
between minor carotenoids and lutein enabled oils from cv. Ar-
bequina olives to be differentiated from the others. Of the re-
maining oils, H3, obtained from very ripe olives, again had a
residual value below 1× the mean SD of the residuals.

Table 1 shows the initial values of the two parameters of au-
thenticity mentioned above. The experiment was carried out
with oils from fruit having different degrees of ripeness; thus
there was some variability in these parameters, although always
within the previously established limits (9). All the samples con-
formed in that, for each olive variety, the value of the chloro-
phyll/carotenoid ratio and the minor carotenoid/lutein ratio fell
as the degree of ripeness of the source olives increased.

Table 1 also includes the values for the %L, %V, and TPC
—parameters established as indices of authenticity for mono-
variety oils (9). In the four samples of cv. Arbequina oils, %L
was around 45%, whereas in the other varieties, it varied be-
tween 65 and 80% (depending on whether the oil was from
the beginning, middle, or end of the harvest season). In gen-
eral, the percentage increased with the ripeness of the source
fruit. On the other hand, %V differentiated, not only for cv.
Arbequina oils (with a mean value of 12.8%), but also for cv.
Blanqueta oil (with a value of 9%) and for Hojiblanca oils ex-
tracted from less-ripe fruit (with values between 4.9 and
5.9%). For the other varieties, Cornicabra and Picual, and for
the sample of Hojiblanca oil from the end of the harvest (H3),
the percentage of violaxanthin was between 3 and 4%. 

Applying the discriminant multivariate analysis technique,
Gandul-Rojas et al. (9) obtained a classification of mono-vari-
ety oils from the values observed for these parameters (%V, %L,
and TPC), enabling a model to be established that would pre-
dict the olive variety. Figure 1 shows the scores for the first and
third discriminant functions obtained by applying the model to
the 12 oils studied here, and for the oils used to construct the
model. A correct assignment was achieved in all cases.

These results confirmed that each of the oils used in the

present study complied with the parameters of authenticity
regarding the pigments demanded of a virgin olive oil, and
with those others inherent in each olive variety.

Changes in pigments during oil storage. All the oils were
subjected to the same storage conditions, and their pigment
composition was analyzed monthly. Qualitatively, the most
significant change detected was a generalized progression of
the chlorophyll pheophytinization reaction, initiated during
the oil extraction process as a consequence of the released
acidity. The rate of pheophytinization differed, probably be-
cause of the FFA content inherent in each oil. This observa-
tion is currently under further study. At the same time, there
was a very slight rise in the hydroxylation on C-132 of pheo-
phytin a and a small formation of pyropheophytin a, a pig-
ment absent from the recently extracted oil. 

In the carotenoid fraction, which is more stable than that of
chlorophylls, the progressive isomerization of the 5,6-epoxide
groups of the minor xanthophylls antheraxanthin, violaxanthin,
luteoxanthin, and neoxanthin was detected in only some oils.

Changes in the indices of oxidative stability are currently
under study to discover whether transformation of the chloro-
phyll molecule during oil storage affects oil quality to any extent.

The qualitative pigment profile, established earlier as a pa-
rameter of virgin olive oil authenticity, was also seen as an
index of quality, as small, analytically detectable transforma-
tions in the structure of pigments were indicative of oil storage.

Stability of the parameters of authenticity. Similar to the ear-
lier study, the linear regression model passing through the origin
showed the best correlation coefficient between chlorophylls and
carotenoids on one hand—B ± SE = 1.16 ± 0.02 (R = 0.98, 
n = 156)—and minor carotenoids and lutein on the other—B ±
SE = 0.47 ± 0.02 (R = 0.91, n = 156)—in the set of 156 samples
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FIG. 1. Discriminant analysis of pigment parameters [percent violaxan-
thin (%V), percent lutein (%L), and total pigment content (TPC)] in re-
cently extracted olive oils. Scatter plot of the discriminant function (DF)
scores for each observation in the olive oil variety data set of six groups:
Arbequina (●●), Blanqueta (▼▼), Cornicabra (◆◆), Hojiblanca (■■), Picual
(▲▲), and end-of-picking oils (✩). Open symbols are data from Refer-
ence 9, and closed symbols are data obtained in the present work.

TABLE 1
Parameters of Authenticity of the Virgin Olive Oils 
Studied in the Present Worka

Virgin olive oil Mono-variety virgin olive oil

Sample Variety Chls/Cars Minor Cars/L V (%) L (%) TPC (mg/kg)

A-1 Arbequina 1.50 1.18 12.55 45.89 21.30
A-2 Arbequina 1.44 1.26 12.43 44.17 20.03
A-3 Arbequina 1.15 1.17 12.73 46.16 17.09
A-4 Arbequina 1.08 1.19 13.47 45.68 16.51
B-1 Blanqueta 1.09 0.55 9.01 64.45 23.85
C-1 Cornicabra 1.33 0.54 3.00 65.09 24.18
C-2 Cornicabra 0.91 0.43 3.35 70.09 15.47
H-1 Hojiblanca 1.37 0.53 4.90 65.56 45.68
H-2 Hojiblanca 1.23 0.42 5.89 70.48 37.93
H-3 Hojiblanca 0.59 0.25 2.96 80.39 21.97
P-1 Picual 1.36 0.45 4.04 69.01 38.49
P-2 Picual 1.04 0.41 3.63 70.76 26.23
aThe oil samples of each variety are numbered in decreasing order of TPC.
Data are means of triplicate analyses (CV < 5% in all cases). Chls, total
chlorophylls; Cars, total carotenoids; Minor Cars, minor carotenoids; L,
lutein; V, violaxanthin; TPC, total pigment content.



analyzed (12 oils × 13 mon). In the first case, analysis of residual
values differentiated the 13 oils (those of the initial sample H1)
in the model for the beginning of harvest and another 13 (those
of the initial sample H3) fitting the correlation for the end of
picking. In the case of the correlation between minor carotenoids
and lutein, oils of the cv. Arbequina were again differentiated.

ANOVA for the calculated values of the ratio of total
chlorophylls/total carotenoids and the ratio of minor carot-
enoids/lutein for each oil during the storage period demon-
strated that no significant differences between the values were
obtained for each of these virgin olive oil authenticity indices
(Duncan’s test, <0.05), confirming their constancy during 1
yr of storage. Thus, the parameters of authenticity established
for virgin olive oil remained stable in the oil stored at 15°C in
the darkness, irrespective of the oil variety and whether it
came from fruit at different degrees of ripeness. 

The classifying parameters %V, %L, and TPC were se-
lected as indices of variety authenticity as the best possible
discriminators between the groups (varieties). ANOVA of the
values obtained for each parameter during the storage time
demonstrated no statistically significant changes (Duncan’s
test, <0.05), confirming their constancy during 1 yr of storage.

Therefore, applying the model to predict the olive variety
from the set of 156 oils analyzed yielded a correct classifica-
tion in 99.4% of cases. Figure 2 displays the values obtained
for the corresponding first and third discriminant functions.
The first discriminant function, which showed the best corre-
lation with the variable %V and explained 85% of the vari-
ance, enabled separation of the cvs. Arbequina, Blanqueta,
Picual, and the end-of-harvest group. The third discriminant
function, which explained 100% of the accumulated variance,
was correlated mainly with the variable TPC and distin-
guished between the cvs. Cornicabra and Hojiblanca.

These results demonstrated that the parameters of authen-
ticity of mono-variety virgin olive oils remained statistically
unaltered during 1 yr of storage; therefore, the model used to
predict the olive variety based on these parameters remained
valid throughout this period. 

ACKNOWLEDGMENT

We express our sincere gratitude to Comisión Interministerial de
Ciencia y Tecnologia (CYCIT–Spanish Government, AGL 2000-
0699). 

REFERENCES

1. Pagliarini, E., B. Zanoni, and G. Giovanelli, Predictive Study on
Tuscan Extra Virgin Olive Oil Stability Under Several Commer-
cial Conditions, J. Agric. Food Chem. 48:1345–1351 (2000).

2. Procida, G., and A. Cichelli, Evolution of Antioxidant Fraction
of Extra Virgin Olive Oils Stores in Different Containers, J.
Commod. Sci. 38:215–228 (1999).

3. Gutiérrez-Rosales, F., J. Garrido-Fernández, L. Gallardo-
Guerrero, B. Gandul-Rojas, and M.I. Mínguez-Mosquera, Ac-
tion of Chlorophylls on the Stability of Virgin Olive Oil, J. Am.
Oil Chem. Soc. 69:866–871 (1992).

4. Khan, M.A., and F. Shahidi, Rapid Oxidation of Commercial
Extra Virgin Olive Oil Stored Under Fluorescent Light, J. Food
Lipids 6:331–339 (1999).

5. Psomiadou, E., and M. Tsimidou, Stability of Virgin Olive Oil.
1. Autoxidation Studies, J. Agric. Food Chem. 50:716–721
(2002).

6. Psomiadou, E., and M. Tsimidou, Stability of Virgin Olive Oil.
2. Photo-oxidation Studies, Ibid. 50:722–727 (2002).

7. Gutiérrez, F., B. Jiménez, A. Ruíz, and M.A. Albi, Effect of
Olive Ripeness on the Oxidative Stability of Virgin Olive Oil
Extracted from the Varieties Picual and Hojiblanca and on the
Different Components Involved, Ibid. 47:121–127 (1999).

8. De Leonardis, A., and V. Macciola, Evaluation of the Shelf-Life
of Virgin Olive Oils, Riv. Ital. Sostanze Grasse 75:391–397
(1998).

9. Gandul-Rojas, B., M. Roca-L. Cepero, and M.I. Mínguez-Mos-
quera, Use of Chlorophyll and Carotenoid Pigment Composi-
tion to Determine Authenticity of Virgin Olive Oil, J. Am. Oil
Chem. Soc. 77:853–858 (2000). 

10. Barranco, D., R. Fernández-Escolar, and L. Rallo, El Cultivo del
Olivo, Junta de Andalucía, Consejería de Agricultura y Pesca/
Ediciones mundiprensa, Madrid, 1996.

11. Mínguez-Mosquera, M.I., B. Gandul-Rojas, J. Garrido-Fernán-
dez, and L. Gallardo-Guerrero, Pigments Present in Virgin Olive
Oil, J. Am. Oil Chem. Soc. 67:192–196 (1990).

12. Mínguez-Mosquera, M.I., B. Gandul-Rojas, and L. Gallardo-
Guerrero, Rapid Method of Quantification of Chlorophylls and
Carotenoids in Virgin Olive Oil by High-Performance Liquid
Chromatography, J. Agric. Food Chem. 40:60–63 (1992).

13. Mínguez-Mosquera, M.I., and B. Gandul-Rojas, High-Perfor-
mance Liquid Chromatographic Study of Alkaline Treatment of
Chlorophyll, J. Chromatogr. 690:161–176 (1995).

14. Mínguez-Mosquera, M.I., B. Gandul-Rojas, and J. Garrido-
Fernández, Preparation of Cu(II) Complexes of Oxidized
Chlorophylls and Their Determination by Thin-Layer and High-
Performance Liquid Chromatography, Ibid. 731:261–271 (1996)

15.Gandul-Rojas, B., and M.I. Mínguez-Mosquera, Chlorophyll and
Carotenoid Composition in Virgin Olive Oils from Various
Spanish Olive Varieties, J. Sci. Food Agric. 72:31–39 (1996).

[Received May 29, 2003; accepted September 20, 2003]

1240 M. ROCA ET AL.

JAOCS, Vol. 80, no. 12 (2003)

FIG. 2. Discriminant analysis of pigment parameters (%V, %L, and TPC) in
recently extracted olive oils and throughout the 12 mon of storage. Scatter
plot of the DF scores for each observation in the olive oil variety data set
of six groups. Symbols and abbreviations are as shown in Figure 1.


