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In this study was analyzed the effect of crop year and harvesting time on the fatty acid composition
of cv. Picual virgin olive oil. The study was carried out during the fruit ripening period for three crop
seasons. The mean fatty acid composition of Picual oils was determined. The oils contained palmitic
acid (11.9%), oleic acid (79.3%), and linoleic acid (2.95%). The content of palmitic acid and saturated
fatty acids decreased during fruit ripening while oleic and linoleic acids increased. The amount of
stearic and linolenic acids decreased. The amount of saturated acids, palmitic and stearic, and the
polyunsaturated acids linoleic and linolenic was dependent on the time of harvest, whereas the amount
of oleic acid varied with the crop year. The differences observed between crop years for both palmitic
and linoleic acid may be explained by the differences in the temperature during oil biosynthesis and
by the amount of summer rainfall for oleic acid content. A significant relationship was observed between
the MUFA/PUFA ratio and the oxidative stability measured by the Rancimat method.
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INTRODUCTION

Virgin olive oil is characterized by its sensorial and nutritional
properties, which are different from those of other edible oils.
Its health benefits are due to both its fatty acid composition
and minor compounds, tocopherols, polyphenols, sterols, and
carotenoids (1).

Olive oil contains mainly monounsaturated fat. The main fatty
acid is oleic acid, which can represent between 55 and 83% of
the total fat. It also contains a moderate amount of linoleic acid
(3.5-21%) (2, 3). Fatty acid composition of olive oil is strongly
affected by several agronomical factors such as cultivar, fruit
ripeness, crop yield, and growing medium (4-9). Uceda and
Hermoso (5), in a preliminary olive germplasm bank evaluation,
concluded that the cultivar was the main source of variability
for the major fatty acids.

During ripening olive fruit changes its chemical composition,
with activation and inhibition of different enzymatic activities.

These changes also affect the oil composition. Changes in fatty
acids have been described during olive ripening (5, 10-12). In
general, the content of oleic acid remains constant or shows a
slight increase. The saturated fatty acids decrease. The content
of palmitic acid (C16:0) decreases, whereas linoleic acid
increases. Another parameter that changes is the ratio between
monounsaturated and polyunsaturated fatty acids (MUFA/
PUFA), which falls as the fruit ripens.

The fatty acid composition of virgin olive oil has great
importance from a health point of view. Several studies have
shown the dietary importance of fatty acid composition of lipids
(13). Diets rich in monounsaturated fatty acids and lower in
saturated fatty acids lowered low-density lipoprotein (LDL)
cholesterol and total cholesterol without altering the beneficial
high-density lipoprotein cholesterol levels (14,15). Aviran and
Eias (16) noted that LDLs incubated with oleic acid were less
oxidized than others with linoleic and arachidonic acid. In other
work (17) it has been demonstrated that a diet rich in virgin or
refined olive oil protected LDL particles from oxidation.
Similarly, LDL particles rich in oleic acid and poor in
polyunsaturated fatty acids become more resistant to oxidation
(18). The MUFA/PUFA ratio or the ratio of unsaturated and
saturated should show a value of 2 (19). In addition, the
beneficial effects of dietary monounsaturated fats in preventing
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glycemia (20), obesity (21), and colorectal (22), breast, ovary,
and prostate cancer have been reported (23).

Oxidation depends on the chemical structure and degree of
unsaturation of the fatty acid. The relative rates of autoxidation
have been determined for oleate/ linoleate/linolenate (1:12:25)
(24). Monounsaturated acids are more resistant to oxidation. In
virgin olive oils, the MUFA/PUFA or oleic/linoleic ratios are
responsible for oxidative stability as well as the natural
antioxidant content (12,25, 26).

Cv. Picual is the most important Spanish olive cultivar for
oil extraction purposes and represents∼860 000 ha, located in
Jaén and other Andalusian areas. It is also now being grown in
different Spanish regions and other countries (27). It has a high
oil content and produces a virgin olive oil characterized by a
high oxidative stability and a strong sensorial personality (28).
Although Picual is one of the most important olive cultivars in
the world, its composition has not been widely studied, and there
have not been studies on the effect of the main agronomical
factors on its composition. In the current study the effects of
fruit ripeness and crop yield on the fatty acid composition of
Picual virgin olive oil are examined.

MATERIALS AND METHODS

Plant Material. For this work 12 olive (Olea europaea L.) trees of
the Picual cultivar were selected. The 16-year-old olive trees were
grown in the experimental farm of Estación de Olivicultura y Elaiotecnia
in Mengibar (Jaén, Spain) and were cultivated using standard growing
techniques. The study was carried out during three consecutive crop
seasons: 1996/1997, 1997/1998, and 1998/1999. These crop years
showed important differences of registered rainfall (Table 1): 1996/
1997, 880 mm; 1997/1998, 596 mm; and 1998/1999, 348.9 mm. The

monthly temperatures (mean, maximum, and minimum) are shown in
Figure 1. Olives were collected at biweekly intervals from the middle
of September until the autumn frosts. For each crop year, samples were
harvested on nine consecutive dates: 1996/1997, September 16 and
30, October 15 and 30, November 15, December 2 and 20, and January
10 and 30; 1997/1998, September 15 and 30, October 15 and 30, and
November 14; and 1998/1999, September 16, October 2 and 16, and
November 3 and 20. Two samples weighing 2.5 kg were harvested
from olive trees in each group and brought to the laboratory for analysis.
The ripening index for olives was determined according to the method
of Estación de Olivicultura y Elaiotecnia of Spain (29).

Oil Extraction. Oil extraction was performed using an Abencor
laboratory oil mill (Abengoa, Spain) equipped with a hammer mill, a
thermobeater, and a paste centrifuge (30). The extraction was carried
out at 28°C with kneading for 30 min. The oily must was decanted,
filtered, and stored at-24 °C until analysis.

Fatty Acid Methyl Esters (FAMEs) Analysis. The FAMEs were
prepared as described by the EU official method (31). The chromato-

Figure 1. Air temperatures: maximum (black symbols on solid lines), minimum (black symbols on broken lines), and mean (open symbols) registered
in Mengibar, Jaén, for the years (9) 1996, (2) 1997, and (b)1998.

Table 1. Monthly Rainfall (Millimeters) Registered in Mengibar, Jaén,
for the Years 1996, 1997, and 1998

month 1996 1997 1998

January 167.7 191.2 43.8
February 57.7 0 63.6
March 49.6 0 13.2
April 61.7 84.7 62.4
May 75 74.9 84.4
June 6 43.4 17.2
July 0 0 0
August 32.5 0 0
September 89.1 36.1 29.1
October 27 57 9.1
November 118.4 254.2 26.1
December 195.9 138.5 0
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graphic separation was carried out using a Perkin-Elmer Autosystem
gas chromatograph (Perkin-Elmer, Spain) equipped with an autosampler,
a split/splitless injector, and a flame ionization detector (FID). A fused
silica capillary column BPX70 (50 m length× 0.25 mm i.d. and 0.25
µm film thickness, SGE Scientific Pty. Ltd., Australia) was used.
Helium was used as the carrier gas, and the oven temperature was
maintained at 198°C. The injector and detector temperatures were 235
and 245°C, respectively. The results were expressed as relative area
percent of the total.

Oxidative Stability. Oxidative stability was measured as induction
time using a Rancimat 764 instrument (Methrom, Switzerland). Oil,
2.5 g, was heated at 98°C, and air was bubbled through it at a flow
rate of 10-12 L/min. The oxidative stability was measured twice for
each sample, and the results are expressed as induction time in hours
(32).

Statistical Analysis. ANOVA analysis was used to evaluate the
effect of the fruit ripeness, expressed as harvesting time, and the crop
year on fatty acid composition and to establish differences between
mean values (Tukey’s test). For ANOVA analysis were used the five
common harvest dates. Statistical analyses were carried out using
Statistix 1.0 for Windows software.

RESULTS AND DISCUSSION

The ripeness index of olives used for oil extraction during
the three crop years oscillated between 0.18 and 3.38 (Figure
2).

The results of seasonal changes during ripeness in fatty acid
composition of cv. Picual virgin olive oils are shown inTable
2. To simplify the analysis and discussion of the results, only
the main fatty acids will be discussed: palmitic (C16:0), stearic
(C18:0), oleic (C18:1), linoleic (C18:2), and linolenic (C18:3).

The major saturated fatty acid in virgin olive oils is palmitic
acid, and its mean value in Picual oils was 11.93%. This value
is similar to that found by Uceda and Hermoso (5). To establish
the sources of its variability, an ANOVA analysis was applied
(Table 3). The variability for palmitic acid can be explained,
mainly, by the harvesting time (50.84%) and, then, the crop
year (42.37%). The drop in the percent of palmitic acid observed
during ripening coincides with the results described for all olive
cultivars (5). This fall was explained by a dilution effect because
its absolute quantity is constant (12). During the crop year 1997/

1998 the mean content in palmitic acid was higher, whereas
the lowest was found in the oils obtained during 1996/1997,
obtaining significant differences between the three crop years
(p ) 0.01). These differences may be explained because of the
effect of growth temperature on the plant lipid metabolism (33).
It has been reported that reduced growth temperatures increase
membrane lipid unsaturation in order to maintain membrane
fluidity at low temperatures. The lower temperatures reduced
fatty acid biosynthesis during the June-November period in
1996 (Figure 1).

The elongation of palmitoyl-ACP to stearoyl-ACP is carried
out by the condensing enzymeâ-ketoacyl-ACP synthase II
(KAS II). This step is considered to be very important because
it determines the C16/C18 ratio that is directly related to the
degree of unsaturation of the final oil product (34). The highest
C16/C18 ratio mean value was obtained for oils from the 1997/
1998 period, whereas the lowest was observed in 1998/1999.
The higher value of the 1997/1998 oils is due to their high
palmitic acid content, and the lower percent of C18 fatty acids
as a consequence of a lower KAS II activity until the first sample
collection (September) may be caused by the higher summer
rainfalls registered during 1997 (although there was rainfall
registered in August 1996, it was from a summer storm), as

Table 2. Seasonal Changes in Fatty Acid Composition of Picual Virgin Olive Oil during the Ripening Process for Three Different Crop Seasons
[Data Are Mean ± Standard Deviation (SD)]

crop yieldharvest
date C16:0 C16:1 C17:0 C17:1 C18:0 C18:1 C18:2 C18:3 C20:0 C20:1 C22:0

1996/1997
1 13.18 ± 0.07 0.85 ± 0.07 0.04 ± 0.00 0.08 ± 0.00 1.68 ± 0.04 79.11 ± 0.04 2.42 ± 0.04 0.76 ± 0.06 0.30 ± 0.04 0.25 ± 0.01 0.09 ± 0.01
2 12.44 ± 0.08 0.91 ± 0.01 0.04 ± 0.00 0.07 ± 0.00 1.79 ± 0.04 80.01 ± 0.16 2.37 ± 0.03 0.65 ± 0.06 0.30 ± 0.03 0.24 ± 0.01 0.08 ± 0.00
3 11.59 ± 0.13 0.88 ± 0.03 0.04 ± 0.00 0.07 ± 0.00 1.92 ± 0.06 81.01 ± 0.06 2.41 ± 0.01 0.57 ± 0.04 0.30 ± 0.00 0.22 ± 0.01 0.09 ± 0.01
4 11.54 ± 0.03 0.89 ± 0.03 0.04 ± 0.00 0.07 ± 0.00 2.15 ± 0.07 80.51 ± 0.13 2.77 ± 0.35 0.55 ± 0.08 0.32 ± 0.03 0.23 ± 0.01 0.10 ± 0.00
5 11.12 ± 0.14 0.86 ± 0.03 0.04 ± 0.00 0.08 ± 0.00 2.48 ± 0.08 80.24 ± 0.16 3.26 ± 0.10 0.51 ± 0.04 0.33 ± 0.03 0.22 ± 0.01 0.09 ± 0.01
6 10.74 ± 0.34 0.85 ± 0.03 0.04 ± 0.00 0.08 ± 0.00 2.76 ± 0.08 80.24 ± 0.20 3.45 ± 0.21 0.49 ± 0.00 0.33 ± 0.01 0.21 ± 0.01 0.10 ± 0.01
7 10.53 ± 0.10 0.82 ± 0.03 0.04 ± 0.00 0.08 ± 0.00 2.59 ± 0.04 79.68 ± 0.25 3.89 ± 0.30 0.50 ± 0.01 0.34 ± 0.01 0.22 ± 0.01 0.10 ± 0.00
8 9.89 ± 0.16 0.74 ± 0.03 0.04 ± 0.00 0.08 ± 0.00 2.54 ± 0.08 81.02 ± 0.27 3.42 ± 0.13 0.49 ± 0.03 0.35 ± 0.04 0.23 ± 0.01 0.11 ± 0.01
9 9.67 ± 0.13 0.73 ± 0.01 0.04 ± 0.00 0.08 ± 0.00 2.63 ± 0.07 80.84 ± 0.08 3.73 ± 0.07 0.53 ± 0.01 0.36 ± 0.03 0.24 ± 0.01 0.10 ± 0.00

1997/1998
1 13.57 ± 0.03 0.85 ± 0.01 0.04 ± 0.00 0.08 ± 0.00 1.89 ± 0.03 77.76 ± 0.01 2.72 ± 0.03 0.89 ± 0.01 0.36 ± 0.01 0.28 ± 0.01 0.12 ± 0.00
2 13.40 ± 0.13 0.90 ± 0.06 0.04 ± 0.00 0.07 ± 0.00 1.88 ± 0.03 78.02 ± 0.13 2.70 ± 0.03 0.88 ± 0.01 0.35 ± 0.00 0.27 ± 0.00 0.12 ± 0.00
3 12.97 ± 0.06 1.00 ± 0.01 0.03 ± 0.00 0.07 ± 0.00 1.86 ± 0.01 78.73 ± 0.08 2.84 ± 0.03 0.69 ± 0.01 0.34 ± 0.01 0.26 ± 0.01 0.13 ± 0.01
4 12.74 ± 0.04 1.02 ± 0.01 0.04 ± 0.00 0.08 ± 0.00 2.00 ± 0.11 78.31 ± 0.07 3.48 ± 0.06 0.64 ± 0.00 0.34 ± 0.01 0.26 ± 0.01 0.11 ± 0.01
5 12.56 ± 0.03 1.11 ± 0.01 0.03 ± 0.00 0.08 ± 0.01 1.94 ± 0.01 78.47 ± 0.08 3.64 ± 0.03 0.61 ± 0.00 0.33 ± 0.01 0.24 ± 0.00 0.11 ± 0.00

1998/1999
1 12.83 ± 0.18 0.90 ± 0.01 0.03 ± 0.00 0.06 ± 0.00 1.70 ± 0.03 79.94 ± 0.03 2.31 ± 0.13 0.79 ± 0.01 0.32 ± 0.00 0.23 ± 0.00 0.11 ± 0.00
2 12.34 ± 0.14 0.90 ± 0.01 0.03 ± 0.00 0.06 ± 0.00 1.79 ± 0.08 80.40 ± 0.06 2.38 ± 0.03 0.75 ± 0.04 0.32 ± 0.00 0.23 ± 0.00 0.10 ± 0.01
3 12.17 ± 0.08 0.94 ± 0.00 0.03 ± 0.00 0.06 ± 0.00 1.90 ± 0.01 80.08 ± 0.10 2.51 ± 0.10 0.70 ± 0.01 0.32 ± 0.00 0.24 ± 0.00 0.11 ± 0.01
4 11.85 ± 0.11 0.98 ± 0.01 0.03 ± 0.00 0.06 ± 0.00 2.14 ± 0.03 79.97 ± 0.28 2.96 ± 0.21 0.62 ± 0.01 0.33 ± 0.01 0.23 ± 0.00 0.10 ± 0.01
5 11.52 ± 0.03 0.98 ± 0.00 0.03 ± 0.00 0.06 ± 0.00 2.31 ± 0.03 80.40 ± 0.06 2.75 ± 0.03 0.57 ± 0.00 0.34 ± 0.00 0.23 ± 0.00 0.10 ± 0.01

Figure 2. Variation of fruit ripening index for the crop years (9) 1996/
1997, (2) 1997/1998, and (b) 1998/1999.
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described by Romero et al. (35). This may explain the unusually
greater palmitic content for 1997/1998 oils.

Stearic acid has been observed in Picual at lower values than
those found in the literature: 3.25% (5) and 4.7% (12). The
crop year did not show significance as a variability source
(3.08%); however, the main factor was the harvesting time,
which explains 58.73% of its variation. During olive ripening
its content increased; this trend is different from other studies
on different olive varieties (12, 36, 37), although it has been
reported that stearic acid does not accumulate (34).

Picual oils show high oleic acid content (∼77%) as described
by Uceda and Hermoso (5). The mean value found in this work
was 79.10%, within the range of 77.76-81.02%. The variation
in the oleic content is due to the crop year, mainly (80.62%),
and the harvesting time (12.2%). Thus, it is the fatty acid with
the greatest dependence on crop year; significant differences
have been found between 1997/1998 oils, with the lower values,
and the oils obtained in the other crop years (p ) 0.001).
Different authors have observed that wet summers produce
lower levels in oleic acid (35,38) and higher C16/C18 ratios;
for the 1997/1998 crop year, during the June-August period
was registered the higher accumulated rainfall, producing the
oils with lower oleic content. Because of the low rainfalls
registered during 1998, a higher oleic content should be found
as described for oils from olives growing in water stress
conditions (39); although for the first harvesting date the value
was higher, significant differences were not found with respect
to 1996/1997 oils. As the ripening process goes on, the oleic
acid content rises for all crop years. However, differences can
be observed in the rise for each year; their increase rates might
be related to the initial oleic acid content. Whereas the 1997/
1998 yield, characterized by oils with a lower initial content
(77.76%), showed the fastest increase, during 1996/1997 was
observed the lowest rate because of the initial high oleic content.
The rise obtained does not agree with the decrease observed by
different authors (5, 12), although it coincided with the results
found by Cimato et al. (11), who observed the oleic percent to
remain constant or rise.

Like cv. Cornicabra, cv. Picual shows one of the lower levels
in linoleic acid among the olive cultivars studied (5). From the
results, the mean value obtained was 2.95%, similar to that

described by Gutierrez et al. (12), although its content ranged
between 2.31 and 3.89%. For this fatty acid the most important
source of variability was the harvesting time (58.72%), whereas
the crop yield represented 28.72%, although significant differ-
ences (p) 0.001) have been found between 1997/1998 oils
and those obtained during the other crop years. During the
ripening process the relative level of linoleic acid increases, as
described in general, for several olive varieties (12, 36). The
desaturation of oleate to linoleate takes place via phosphatidyl-
choline substrates on the cytoplasmatic reticulum; for oilseeds
it has been observed that the desaturase activity is regulated by
the growth temperature, obtaining for lower temperatures higher
levels of unsaturation in the fatty acids (39, 40). The lower
linoleic mean content was obtained for 1998/1999, which may
be explained by the effect on the desaturase activity of higher
temperatures registered during this year (Figure 1). From the
first sample collection (mid-September), the linoleic content
increased at a different rate for each crop year; for the 1998/
1999 year it showed an increase of 16%, and for the other crop
years it was∼25%.

In olive oil, the highest degree of unsaturation is shown by
linolenic acid, which achieves a mean value of 0.64% for Picual
oils, less than that reported for this cultivar (5, 12). The crop
year showed the greater influence on this fatty acid (22.38%),
explaining the differences observed between years (p ) 0.05).
As described for linoleic acid, the influence of temperature may
be responsible of the higher content observed for 1996/1997
oils. During maturation linolenic content dropped, although a
constant value was observed previously.

The fatty acid composition has been studied considering the
general groups saturated, unsaturated, monounsaturated, and
polyunsaturated. The seasonal changes for fatty acid groups are
shown inFigure 3. Of the factors that influence saturated fatty
acids can be highlighted the crop yield, which explains 57.39%
of the variability found, whereas the harvesting time explains
only 35.17%. The decrease observed for this fatty acid is due
to those observed in palmitic acid; the inverse relationship found
between saturated and unsaturated acids indicates a trend to
unsaturated forms of de novo synthesis (Figure 4). Saturated
fatty acids show a behavior similar to that described for palmitic
acid and therefore are influenced by the temperature.

The monounsaturated fatty acids comprise the largest group
in virgin olive oils; for Picual oils a mean value of 81.31% was
achieved, one of the greater of the olive cultivars. The variability
observed for these fatty acids may be explained by the ANOVA,
where the main variation source is the crop year above the effect
of the harvesting time (Table 3). Monounsaturated fatty acids
show the same seasonal changes during olive fruit ripening that
oleic acid does and thus, increases were found for all of the
crop yields monitored. Significant differences were observed
between the crop years 1996/1997 and 1998/1999.

Polyunsaturated acids correspond to, for the whole of the oils
analyzed, 3.59% of the total content, which can be considered
as one of the lower among the olive cultivars. For these acids
the crop yield had a great importance of 47.88%, as can be
observed in the differences found between years. The increase
observed during the ripening process is similar for the three
crop yields.

The seasonal variation of the parameters related with fatty
acid composition, MUFA/PUFA, oleic/linoleic, oleic/palmitic,
and unsaturated/saturated, are shown inFigure 5. The ratio
MUFA/PUFA has great importance because of the effects on
nutritional properties and oxidative stability of olive oils. This
cultivar achieved a mean value of 22.91, within a wide range

Table 3. Variability Expressed as Percent of the Total Sum of the
Squares for Fatty Acids and Related Parameters of Picual Virgin Olive
Oilsa

parameter yield
harvest

date
yield ×

harvest date error

C16:0 43.27*** 50.84*** 5.87*** 0.91
C16:1 30.11*** 32.37*** 29.96*** 7.56
C17:0 67.86*** 10.71 21.43** 0.00
C17:1 74.21*** 11.23*** 11.93*** 2.63
C18:0 3.08** 68.61*** 25.41*** 2.90
C18:1 80.62*** 12.20*** 6.34*** 0.84
C18:2 28.72*** 58.73*** 8.31* 4.24
C18:3 22.38*** 67.11*** 5.45 5.06
C20:0 36.44* 4.59 22.91 36.03
C20:1 53.58*** 18.63** 15.10 12.68
C22:0 59.41*** 6.73 15.56 18.29
saturated 57.39*** 35.17** 5.62** 1.81
monounsaturated 77.35*** 15.20*** 6.53*** 0.92
polyunsaturated 47.88*** 38.10*** 9.84* 4.18
MUFA/PUFA 54.27*** 31.36*** 9.46* 4.91
unsaturated/saturated 56.34*** 35.96*** 6.08*** 1.62
oleic/linoleic 52.97*** 35.73*** 6.30 5.00
oleic/palmitic 49.51*** 42.68*** 6.91*** 0.91

a Significance level at *, p ) 0.05; **, p ) 0.01; and ***, p ) 0.001.
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of 18.46-26.91, due to the high oleic acid content and the low
linoleic acid level. The differences observed between years are
explained by the results of analysis of variance, where the crop
yield is mainly responsible for its variation and after the
harvesting period (Table 3). For the first three harvest dates
the value of this parameter showed constant values; however,
a drop was observed in its value later. In crop yield for 1996/
1997, for the three first harvest dates an increase could be
observed; this behavior is caused by the slight decrease of the
linoleic acid content. However, the general trend was to decrease
during fruit ripening as a result of the slight increase of oleic
acid and the greater rise of linoleic acid. This explanation differs
from that given by Uceda and Hermoso (5), who established
that the decrease is attributable to the constant value of oleic
acid and the increase of linoleic acid content.

The oxidative stability values for the Picual oils are shown
in Table 4. The mean oxidative stability for Picual olive oils
was 171.3 h. The parameter MUFA/PUFA has been directly
related with oxidative stability for virgin olive oils (12, 26);
for the oils analyzed in this work has been applied a linear
regression analysis, obtaining a relationship between this
parameter and oxidative stability with an adjustedR2 of 0.24,
which is significant forp ) 0.0001 (Table 5). Other parameters
related with the nutritional aspects are the unsaturated/saturated
ratio, which for Picual oil shows a mean value of 6.28 because
of the high oleic content. The effect of the different factors
studied on this ratio is similar to that described for saturated.

The ratio of oleic/linoleic is another parameter with impor-
tance for both nutritional studies and oxidative stability. The
evolution during ripening is similar to MUFA/PUFA (Figure
5) and, thus, shows a similar behavior. Like MUFA/PUFA, this
ratio has been described as being responsible for virgin olive
oils’ stability (25), obtaining a relationship with the oxidative
stability with a value ofR2 ) 0.21 for a confidence level of

Figure 3. Seasonal changes in fatty acid groups of Picual virgin olive oil during the fruit ripening process for the crop years (9) 1996/1997, (2)
1997/1998, and (b) 1998/1999.

Figure 4. Regression plot between saturated and unsaturated fatty acids
during the fruit ripening process for the crop years 1996/1997, 1997/1998,
and 1998/1999.

Table 4. Seasonal Changes in Oxidative Stability (Hours) of Picual
Virgin Olive Oils during the Fruit Ripening Pocess for the Crop Yields
1996/1997, 1997/1998, and 1998/1999 (Data Are Mean ± SD)

harvest
date

crop yield
1996/1997

crop yield
1997/1998

crop yield
1998/1999

1 146.9 ± 4.5 146.5 ± 13.8 193.3 ± 1.3
2 161.0 ± 3.1 169.3 ± 0.9 187.3 ± 2.8
3 192.0 ± 8.1 178.6 ± 8.7 182.3 ± 7.1
4 191.1 ± 4.4 168.9 ± 6.4 183.6 ± 19.2
5 174.8 ± 1.3 169.6 ± 7.8 181.4 ± 3.1
6 175.6 ± 5.5
7 150.3 ± 1.1
8 164.9 ± 0.3
9 137.6 ± 1.1
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99.9%. Finally, the parameter oleic/palmitic increased during
fruit maturation; significant differences between years were
observed, showing the same behavior as the unsaturated/
saturated ratio.

Picual virgin olive oil shows one of the higher oleic contents
and lower linoleic levels among olive cultivars; the fatty acid
composition and related parameters (MUFA/PUFA, oleic/
linoleic, oleic/palmitic and unsaturated/saturated) presented mean
values very interesting from a nutritional point of view. A highly
significant relationship has been found between the fatty acid
composition (MUFA/PUFA, oleic/linoleic) and the oxidative
stability measured by Rancimat. The effects of the agronomic
factors are different for each fatty acid; the fatty acids influenced
mainly by the crop yield, air temperatures, and rainfall registered
during the oil biosynthesis and summer, respectively, were
palmitic and oleic acids. The harvesting period, and thus the
ripening stage, affected palmitic, steraric, linoleic, and linolenic
acids. The results can be used to determine the optimal
harvesting time, because the variation described for fatty acid
composition may be useful to determine the origin and identity
of Picual virgin olive oils.
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aceite de oliva.Grasas Aceites1997,48, 74-82.

(40) Martinez-Rivas, J. M.; Garcı́a-Diaz, M. T.; Mancha, M. Tem-
perature and oxygen regulation of microsomal oleate desaturase
(FAD2) from sunflower.Biochem. Soc. Trans.2000,28, 890-
892.

(41) Garcı́a-Diaz, M. T.; Martinez-Rivas, J. M.; Mancha, M. Tem-
perature and oxygen regulation of oleate desaturation in develop-
ing sunflower (Helianthus annuus) seeds.Physiol. Plant.2002,
114, 13-20.

Received for review January 21, 2004. Revised manuscript received
March 30, 2004. Accepted April 2, 2004. This work has been supported
by a research grant type B2 of the Direccio´n General de Investigacio´n
y Formación Agraria y Pesquera de la Consejerı´a de Agricultura y
Pesca de la Junta de Andalucı´a and Projects CAO 97-001-C12-02 and
CAO 00-D01-C2-01 of Programa de Mejora de la Calidad del Aceite
de Oliva.

JF049894N

3440 J. Agric. Food Chem., Vol. 52, No. 11, 2004 Beltrán et al.


