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Abstract: This work aimed to assess the influence of olive maturity and oil season on the potential
quality of monovarietal virgin olive oils from the area assigned to the Protected Designation of Origin
of “Aceite de la Alcarria” (Spain), analysing the regulated physicochemical quality and sensory
parameters, the stability parameters and composition of fatty acids, sterols and triterpenic dialcohols.
To complete the study, we also characterised the coupage olive oils made in the o0il mills located
in the PDO area (real quality). The main variety grown in La Alcarria is Castellana, whose oils are
characterised by a high content of palmitic acid (14.27% with olives in veraison, 13.81% with ripe
olives), a low content of linoleic acid (5.03% with olives in veraison, 5.98% with ripe olives) and a total
phenol content higher than the rest of varieties grown in the area (between 350 and 500 mg of caffeic
acid/kg depending on the season considered), which is reflected in higher oxidative stability values
(induction time of 50.65 h at 100 °C). In addition, they have a sterol content below that established
by the regulations (<1000 mg/kg). The olive oils produced using olives in veraison presented a
lower level of acidity and peroxide index, more intense fruitiness, an absence of defects in all the
samples and higher oxidative stability, compared to those produced using ripe olives, and thus early
harvest of the olives is recommended. It was also found that the season affects the physicochemical
composition of the oils, although these changes tend to be of little significance, with the characteristics
of the variety being maintained, regardless of the harvesting season analysed. The coupage virgin
olive oils produced in the mills registered under the PDO of Aceite de la Alcarria, representative of
their real quality, showed, as expected, similar values to those observed in the monovarietal virgin
olive oils produced using the Castellana variety, which is clearly predominant in the study area. The
characterization of oils from local varieties allows one to obtain a greater variability in terms of the
sensory notes of extra virgin olive oil.

Keywords: Alcarria; olive oil quality; monovarietal extra virgin olive oil; maturation; season

1. Introduction

The Aceite de la Alcarria Protected Designation of Origin (PDO) was created in 2008
according to the traditionally produced olive oils, with differentiated characteristics. The
area where these oils are produced is located in central Spain, in the Autonomous Com-
munity of Castilla-La Mancha. The oils enjoy an exceptional reputation due to perfectly
defined growing and production practices. The approximate surface area of the PDO is
6000 km?, being home to almost 4 million olive trees [1].

The main characteristics of the oils from this PDO come from the endemic nature of
the olive variety Castellana that is grown in the area. This variety accounts for about 90% of
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the total olive trees grown [2] and is perfectly adapted to the climatic conditions of the area,
which make it strongly linked to the PDO. There are also dispersed varieties (Manzanilla de
Centro), located in various areas, but which occupy limited amounts of surface area, and
local varieties (Gordera and Martin Galgo), found in only one area (endemic), where they are
not generally widespread, but play a key environmental role, as they are highly specialised
varieties that are adapted to the area, avoiding erosion and desertification, and helping
maintain the balance of ecosystems [3]. The Arbequina, which is one of the main varieties in
the Spanish PDOs in Catalonia, has recently been introduced into the Aceite de la Alcarria
area. Current market trends have added values to these oils, made in specific geographic
origins from olives traditionally grown under non-intensive systems [4,5].

Apart from the variety, the characteristics of virgin olive oil can also vary according to
the maturity of the olives when harvested. During the ripening process, a series of metabolic
routes occur, which can modify the composition of the oil in the olive, generating changes
in the composition of the fatty acids, the total phenol content, their antioxidant capacity,
and quality parameters [6-8]. In some olive varieties, these changes lead to an increase
in polyunsaturated fatty acids (linoleic and linolenic acid), and the consequent decrease
in saturated (palmitic and stearic acid) and monounsaturated fatty acids (oleic acid) [8].
The olive ripening may also influence the presence of phenols, which are supposed to
lower the incidence of coronary heart diseases and contribute to the flavour of virgin olive
oil [9]. Bitter and pungent, which are considered positive attributes in the oils, are elicited
by two separate sensory pathways related to the presence of phenolic compounds in the
extra virgin olive oils. Certain compounds such as oleuropein and apigenin are perceived
as bitter, while the oleocanthal, consisting of an «f-unsaturated dialdehyde phenolic
compound, is perceived as pungent [10]. Thus, olive ripening may affect the sensory
properties of the oils, since maturation may reduce the levels of phenolic compounds in
the oil.

The agri-environmental conditions and the amount of water received by the olives are
factors that can affect the physicochemical composition and sensory characteristics of the
olive oil [11-13], which is why it is of interest to study the impact of season on any crop
or product.

Studies characterizing virgin olive oils from a particular olive area differentiate be-
tween potential and real quality [14-17]. To reach the potential quality of olive oils, the raw
material must be selected according to the optimum ripening stage. In addition, it must be
free of pests and disease, avoid large storage times and process the oils under optimum
conditions, especially avoiding high temperatures and with a rapid separation of residues.
On the other hand, the real quality refers to that found in olive oils sampled directly from
the storage tanks at the olive oil mills, which leads to evaluating the quality of the oil that
reaches consumers.

The main objective of this work was to evaluate the impact of olive maturity and
season on the potential quality of monovarietal virgin olive oils elaborated in the area
assigned to the PDO Aceite de la Alcarria (Spain), analysing the regulated physicochemical
quality parameters (acidity level, peroxide index and extinction coefficients K232, K270)
and sensory parameters (fruitiness, bitterness, pungency and the Panel Test classification),
stability parameters (total phenol content, tocopherol content and oxidative stability) and
the fatty acid, sterol and triterpenic dialcohol composition. In addition, the coupage virgin
olive oils produced in the olive mills registered under the PDO were also characterised,
which represent their real quality.

2. Materials and Methods
2.1. Plant Material

The Alcarria region is located in central Spain. It is an area with an altitude of between
700 and 900 m, characterised by having a continental Mediterranean climate with an
average annual rainfall of around 383 mm. The continental character of the area is reflected
in a high variation in temperatures, both daily and seasonal, which can reach extreme
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values of —9.9 °C in winter and 39.7 °C in summer, with an average annual temperature of
12 °C. In this area, four consecutive olive crop seasons were studied: 2015/2016, 2016/2017,
2017/2018 and 2018/2019.

A total of 27 plots were selected, which were maintained over the seasons under study.
The number of samples were selected according to the abundance of the different varieties
grown in the area as follows: Arbequina = 3; Castellana = 15; Gordera = 3; Manzanilla = 3;
Martin Galgo = 3. For each variety, the plots were distributed throughout the study area,
although with a higher number of selected plots where the variety was found to have a
higher incidence. Within each plot, 6 olive trees were selected and marked. The previously
selected trees were numbered using a special spray and a coloured tag.

The olives were collected at two specific times, beginning in both cases with the earliest
varieties. The first collection was done at the beginning of the season, when the olives
were in veraison, corresponding to a maturity index (MI) of between 0 and 2.5, which was
around the first half of November of the four seasons evaluated: 2015, 2016, 2017 and 2018.
The second collection was done in the middle to end of the season around the second half
of December, with an MI of between 3.5 and 7 [18]. The total number of samples analysed
was 216 (27 plots x 2 collections/olive crop season X 4 seasons).

Within each plot, 20 kg of healthy olives were collected manually from the selected
olive trees and put into net sacks. The labelled samples were swiftly taken to the extraction
plant to be processed.

2.2. Olive Oil Extraction

The olive oil was extracted using a 2-phase extractor, Oliomio TF-30 (Toscana Enologica
Mori, Tavarnelle Val di Pesa, FI, Italy), comprising a hammer mill, a thermo-beater and a
horizontal centrifuge. Approximately 2 litres of olive oil were extracted from each olive
sample. The extraction was conducted under the best production conditions, without
storing olives and with a malaxation time of 45 min at room temperature (24 °C).

The extracted oils were decanted into 250 mL glass bottles, topaz in colour and with
no headspace, being refrigerated until the analysis was conducted.

2.3. Sampling of Olive Oil Produced in the Mills Registered under the Aceite de la Alcarria PDO

Three oil mills registered under the PDO at that time (Aceites Delgado, SL, SAT
Alcarria Baja and Sociedad Cooperativa Alta Alcarria) were selected.

The virgin olive oil samples (3 litres) were collected directly from the storage tanks at
the mills discarding the first portion to eliminate the oil that is in direct contact with the sam-
pler faucet. The samples were taken after the harvesting season (second half of January 2016,
2017, 2018 and 2019). We collected 16 samples for each season, depending on production
capacity (4 at Aceites Delgado, S.L., 4 at SAT Alcarria Baja and 8 at Sociedad Cooperativa
Alta Alcarria). The total number of samples was 64 (16 samples/season x 4 seasons).

None of the samples collected could be considered monovarietal, as the varieties
are not separated on reception. The Castellana variety was, however, predominant in
all samples.

2.4. Oil Analysis

e Regulated physicochemical quality parameters

The regulated physicochemical quality parameters (free acidity, peroxide index and
UV absorption—K232 and K270) were determined following the analytical methods de-
scribed by Regulation EEC/2568/91 of the Commission of the European Union [19].

e Regulated sensory quality parameters

The regulated sensory quality parameters (median of defects, median fruity value
and panel test classification) were determined by selected and trained panellists from
the Laboratorio Agroalimentario de Cérdoba (Cérdoba, Spain), following the method
described in Regulation EEC/796/2002 [20]. To evaluate sensory quality, the intensities
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of positive (fruity, bitter and pungent) and negative (fusty, winey, musty, muddy, rancid,
metallic and other) attributes were considered for each oil sample.

The descriptive sensory analysis of the oils made from the 5 olive varieties cultivated
in the study area, using both ripe olives and olives in veraison, was performed at the
Instituto de la Grasa—CSIC—(Seville, Spain).

e  Stability parameters

The stability parameters (total phenol content, tocopherol content and oxidative stability
expressed as induction time in hours at 100 °C) were analysed using different methodologies.

Total phenols were extracted with a water/methanol mixture (60:40 v/v) and a sub-
sequent reaction with the Folin—Ciocalteu reagent on an aliquot of the phenolic extract
obtained and a spectrophotometric reading of the absorbance of the bluish complexes
formed. Values were given as mg of caffeic acid per kg of oil [21].

The tocopherols were evaluated using the AOCS Ce 8-89 method [22].

Oxidative stability was measured using the Rancimat method [23] and was expressed
as the oxidation induction time (hours), measured at 100 °C under an airflow of 10 L/h
with the Rancimat 743 (Metrohm Co., Basel, Suiza).

e  Fatty acid composition

Fatty acid composition, expressed as the percentage (%) of methyl-esters, was deter-
mined according to Regulation EEC 2568/91 and its amendment EEC 1429/92 [24]. Briefly,
fatty acid methyl esters (FAME) were obtained by cold transmethylation and analysed
by gas chromatography using a CPSil 88 fused silica capillary column (50 m x 0.25 mm
i.d.), with helium as the carrier gas (120 KPa). The temperature was increased at a rate
of 5 °C/min from 140 °C to 220 °C and then maintained for 15 min. The temperature of
the injector and detector was 250 and 270 °C respectively. Each FAME was identified by
comparison with a standard mixture (FAME 37, Supelco, Bellefonte, PA, USA) [25].

e  Sterol and triterpenic dialcohol composition

Sterols and triterpenic dialcohols, expressed as a percentage (%), were determined
following the procedure described in Regulation EEC 2568/91, corresponding to proto-
col AOCS Ch 6-91. The apparent [3-sitosterol was calculated as the sum of -sitosterol,
A5,23-stigmastadienol, cholesterol, sitostanol and A5,24-stigmastadienol.

2.5. Statistical Analysis

The significant differences were determined using an analysis of variance. A Duncan
test was applied with a 95% significance level (p < 0.5), using SPSS 19.0 for Windows (IBM,
Armonk, NY, USA).

3. Results and Discussion
3.1. Characterization of Monovarietal Virgin Olive Oils from Aceite de la Alcarria PDO According
to Olive Maturity

3.1.1. Regulated Physicochemical Quality Parameters

The regulated physicochemical quality parameters are those defined in national and
international regulations and determine possible defects in the oils or defects that might
subsequently appear [26].

The maturity of olives can affect the regulated physicochemical quality parameters
as ripe olives are more sensitive to mechanical damage and pathogen infections, as well
as being prone to increase enzymatic activity, which can generate higher levels of free
acidity [27].

More mature olives may also deteriorate or undergo fermentation during storage,
which can generate defects in the oils produced. In the case of virgin olive oils produced
with olives of the varieties grown in the Aceite de la Alcarria PDO, the differences in the
parameters of acidity, peroxide index and ultraviolet absorption (K232, K270) show little
variation depending on olive maturity (Table 1).
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Table 1. Regulated physicochemical parameters for the virgin olive oils produced with the variety of
olives grown in the Aceite de la Alcarria PDO (veraison and ripe). The data show the mean value and
standard deviation of the oils across the four consecutive olive crop seasons under study.

. . Acidity Peroxide Index
Variety Maturity %) (mEqOy/kg) K232 K270
. Veraison 0.1 +£0.01 444+14 1.54 +£0.09 2 0.09 £+ 0.01
Arbequina . b
Ripe 0.1+ 0.02 43407 1.46 + 0.07 0.08 + 0.01
Castell Veraison 0.1+ 0.03 50+1.2 170+ 0112 0.13 £ 0.02
astettana Ripe 0.1+ 0.05 52+ 14 156 +0.10°  0.10 +0.02
Cord Veraison 0.1 +0.05° 54+13 1.64+0.172 0124007
oraera Ripe 0.3 0.082 54+15 143+0.09° 009 +0.02
, Veraison 0.1+ 0.02 54412 1.63+0.13°>  0.14 £0.02
Manzanilla Ri a
ipe 0.2 +0.03 6.3 +2.8 1.79 + 0.27 0.14 + 0.01
Martin Veraison 0.240.04" 56+ 06" 1414+0.16%  0.13£0.06
Galgo Ripe 0.3+0.102 8.6 +6.32 15840292 017 +0.16

Different letters within each variety indicate significant differences between maturity stages (Duncan test,
p <0.05).

In the Arbequina, Castellana and Manzanilla variety, small increases in acidity are
observed in the oils produced with mature olives, although these are not statistically
significant. However, in the Gordera and Martin Galgo varieties, these differences were
greater, highlighting the importance of earlier harvesting to obtain optimum quality oils.

The peroxide index values, which indicate the initial oxidation state of the oil, show a
similar pattern to that of acidity. In these cases, the differences are especially significant in
the Martin Galgo variety, where the oils made with the mature olives present the highest
values of all the oils analysed (Table 1). Higher values on the peroxide index may be the
result of fermentation reactions in the olives after harvesting.

The spectrophotometric values, K232 and K270, which are typically another measure
of olive oil quality, and which measure conjugated dienes and trienes and their secondary
oxidation products, do not tend to be clearly associated with olive maturity [8,27]. Previous
studies have reported a decrease in K232 in oils according to the greater maturity of the
olives, as we observed in the Arbequina, Castellana and Gordera varieties. However, the
opposite trend is found for the Manzanilla and Martin Galgo varieties. No differences are
found for K270 in any of the cases (Table 1).

In any event, the values obtained on all the parameters evaluated are well below the
limits established under current legislation (acidity < 0.8 %; peroxide index < 20 meq O, /kg;
K232 < 2.50; K270 < 0.22) [28]. Hence, all the virgin olive oils analysed, both those
produced with olives in veraison and those with mature olives would be classified as extra
virgin olive oil.

3.1.2. Regulated Sensory Quality Parameters

Table 2 shows the results for the positive sensory attributes evaluated and the panel
test classification of the monovarietal oils produced using both mature olives and olives in
veraison grown in the Aceite de la Alcarria PDO.
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Table 2. Positive sensory attributes and Panel Test classification for the monovarietal oils produced
with the variety of olives grown in the Aceite de la Alcarria PDO (veraison and ripe). The values show
the means and standard deviations for the samples collected across the four consecutive olive crop
seasons under study.

Fruity Bitter > 5 Pungent > 5 Classification
(0-10) (%) (%) Panel Test (%)
Arbequina 44+022 0 0 EVOO (100)
(veraison)
Arbequina 484032 0 0 EVOO (100)
(ripe)
Castellana 444029 13.4 80 EVOO (100)
(veraison)
Cast’ellana 364 04Pb 0 80 EVOO (91.7)/VOO
(ripe) (83)
Gordera 454052 0 0 EVOO (100)
(veraison)
Gordera 39403b 0 0 EVOO (100)
(ripe)
Manzanilla 49 +042 0 100 EVOO (100)
(veraison)
Manzanilla 39+03Pb 0 100 EVOO (100)
(ripe)
Martin Galgo 36403 0 0 EVOO (100)
(veraison)
Martin Galgo 37+02°b 0 0 EVOO (100)
(ripe)

Different letters in the same column indicate significant differences (p < 0.05). EVOO: Extra Virgin Olive Oil; VOO:
Virgin Olive Oil.

Regardless of the season considered, all the virgin olive o0il samples made from
olives harvested in veraison were classified as “extra virgin” according to Regulation
EC/640/2008 [28], since the median of defects was 0 and the median of the fruity attribute
was above 0.

As regards the samples of virgin olive oil produced using mature Castellana olives,
91.7% were classified as “extra virgin”, while the remaining 8.3% were classified as “virgin”,
as the median of defects was above 0 and below or equal to 3.5, and the median of the fruity
attribute was above 0. The defect detected was that of “winey”, which typically appears
in overripe olives, due to fermentation processes beginning [17,29]. This is surprising
given that the raw material was in perfect sanitary conditions and the production process
was optimal. This only occurred in the 2015/16 season, which led us to recommend early
harvesting of this variety to producers in the Aceite de la Alcarria PDO.

Nonetheless, in the following seasons, all the samples were classified as “extra vir-
gin”, likely because although the olives were harvested on the same dates, the olives
were less ripe due to the greater annual rainfall (2015 = 183.12 mm; 2016 = 444.11 mm;
2017 = 266.61 mm; 2018 = 599.17 mm), as the mean annual temperature was similar across
all the seasons (2015 = 12.22 °C; 2016 = 11.98 °C; 2017 = 11.90 °C; 2018 = 11.36 °C) [30].

Fruitiness decreased with the maturity stage, although this decline was only significant
in the cases of the Castellana, Gordera and Manzanilla varieties. Ripening is typically
associated with a decrease in C5 volatiles, which appears to be the cause of the decrease in
green odour notes [31].

With regard to the bitter attribute, only 13.4% of the olive oil samples of the Castellana
variety, whose olives had been collected in veraison, presented values above 5. The more
mature olives are, the less bitter are the oils they produce.

The Castellana variety was also characterised by presenting high levels, above 5, of
the pungent attribute, in 80% of oils made with both mature and veraison olives. This
percentage was only exceeded by the Manzanilla variety, as all the samples of olive oil
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presented high levels of this attribute. It can be understood, therefore, that high values of
pungency may be an intrinsic characteristic of the Manzanilla and Castellana varieties.

3.1.3. Descriptive Sensory Analysis of the Monovarietal Virgin Olive Oils

We elaborated a descriptive sensory profile of the monovarietal olive oils produced

with olives of the varieties grown in the Aceite de la Alcarria PDO, at two different points
in the ripening of the fruits, veraison and maturity. The results were the following;:

Arbequina (veraison): Medium fruity oil with green ripe olives, notes of banana, apple
and fennel, with floral and vanilla aromas. In the mouth, it is first sweet, evolving to
banana and red fruits. Slightly bitter with a medium pungency, the final taste is of
nuts, such as pistachio.

Arbequina (ripe): Medium fruity with mature olives. Notes of banana and ripe pear,
floral aromas and hints of fennel, vanilla and cinnamon. In the mouth, it is first sweet,
evolving to dried fruits and ripe fruit: the bitterness is almost imperceptible and the
piquancy is light to medium. It is easy on the palate, with no lingering finish.
Castellana (veraison): Medium fruity green olive, with hints of grass, banana and
green almond, evolving to aromatic and herbaceous plants. In the mouth, it presents a
slight bitterness and evolving pungency, which reaches a medium-high level, with an
aftertaste of dried fruits and a lingering finish due to the degree of pungency.
Castellana (ripe): Medium-low fruity ripe, green olive, with aromas of olive leaf,
tomato, green vegetables, dried fruits and a hay base. In the mouth, it is first sweet,
then slightly bitter, evolving to pungent, with a dried fruit finish in the mouth and a
base of ripe fruits.

Gordera (veraison): Medium green olive fruity, with notes of grass, artichoke and green
banana, evolving to ripe fruits, vanilla and fennel. In the mouth, it is sweet, with
low bitterness and a slight pungency, leaving an aftertaste of green vegetables and
dried fruits.

Gordera (ripe): Light ripe olive fruit, with a base of fruit and overripe vegetables, which
give it sour notes, recalling olives in brine and withered flowers. In the mouth, it is
sweet, with only a slight bitterness and pungency, with an aftertaste of overripe olives
and stale dried fruits.

Manzanilla (veraison): Medium-light green olive with ripe olive notes, evolving to
notes of grass, banana, green almond and tomato plant, with a base of tea and bay leaf.
In the mouth, it highlights the characteristics noted in the nose, with a slight bitterness
and medium-high pungency, leaving an aftertaste of ripe fruit and dried fruits.
Manzanilla (ripe): Medium ripe olive fruity, with notes of apple and banana, tomato
plant and vanilla, with a base of overripe olives and withering flowers. It is first sweet
in the mouth, with a slight bitterness and medium pungency, leaving an aftertaste of
dried fruits.

Martin Galgo (veraison): Medium-light ripe green olive fruity, with a base of banana,
wildflowers, fresh green vegetables and dried fruits. In the mouth, it is first mild, with
an almost imperceptible bitterness and slight pungency that fast disappears: Slightly
dense, it leaves an aftertaste of dried fruits.

Martin Galgo (ripe): Light ripe olive fruity, with a base of cooked vegetables and
overripe fruit, with a slight defect of sour fruit. Pasty in the mouth, with almost im-
perceptible bitterness and pungency, evolving to notes of dried fruit and an aftertaste
of boiled vegetables.

3.1.4. Stability Parameters

Other important parameters to be evaluated in virgin olive oils are the stability

parameters because they are related to the commercial quality of the oils that determine
their shelf-life, which is the length of time for which the oil can be distributed in commercial
outlets maintaining good sensory characteristics [14].
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The oxidative stability of an oil measures its resistance to rancidification. This process
consists of a consecutive series of fatty acid oxidation reactions that begin when there is
a double bond. Hence the oxidative stability greatly depends on the fatty acid profile
of oils, generally being lower, when the oil has a lower percentage of unsaturated or
polyunsaturated fatty acids. However, this value depends also on the content of natural
antioxidants, among which the most important are phenols and tocopherols, which can
delay the reactions that generate the rancidification of the oils, leading to a longer useful life.

The maturity of olives can affect the stability of the oils, as it can generate changes
in certain compounds with antioxidative activity. However, there is some controversy
regarding these changes. For example, in the case of total phenol content, some studies
suggest that their content increases with ripening [7], while others report that these com-
pounds decrease during the harvest period [32]. These contradictions may be related to
the different varieties analysed [8], although a larger number of studies conclude that total
phenol content declines with olive maturity [6,8,27,33,34].

In the case of the virgin olive oils produced with olives of the Castellana variety,
which is predominant in the PDO, a decrease in total phenol content was found as olive
maturity increased (Figure 1), although these changes were not statistically significant.
Generally, none of the varieties shows significant differences as regards the content in
phenolic compounds between the oils elaborated with veraison and mature olives, with
the varietal component being more important.

700

M Veraison
600 M Ripe
500
400
300

200
100 .g

Arbequina  Castellana Gordera Manzanilla  Martin Galgo

Total phenol content (mg caffeic acid/kg)

Figure 1. Total phenol content (mg caffeic acid /kg) for the virgin olive oils produced with the varieties
of olives cultivated in the Aceite de la Alcarria PDO (veraison and ripe). The whisker ends show the
maximum and minimum values, while the X represents the mean values of the oils elaborated across
the four consecutive olive crop seasons under study.

The virgin olive oils with the highest content in total phenol content are those produced
with Castellana olives in veraison, which yielded values of up to 677.8 mg/kg, and a mean
value across the samples, over the four consecutive seasons, of 462.5 mg/kg. The highest
value of the virgin oils elaborated with veraison Manzanilla olives is similar (677.2 mg/kg),
although greater variability was found in this variety, presenting a lower mean value
(349.8 mg/kg). In contrast, the virgin oils with the lowest total phenol content were those
made with olives of the Martin Galgo variety, in more advanced stages of maturity, with a
mean value of 126.0 mg/kg (Figure 1).

The tocopherol content exhibits a similar pattern although the differences between the
oils produced with veraison and mature olives are smaller. Generally, there is a decrease
in tocopherol content in the oils made with mature olives, primarily in the case of the
Castellana variety, although this difference is not statistically significant. Tocopherols are
essential compounds in the sense that the human body is unable to synthesise them, and
thus must be incorporated into our organism through diet [35].
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These small variations in the antioxidant compounds are also reflected in a decrease in
the oxidative stability of the oils produced with mature olives, being especially noticeable
in the Castellana oils (Figure 2). Given that this variety is predominant and representative
of the Aceite de la Alcarria PDO, it would be recommendable to elaborate oil with olives in
an early stage of ripening, given their antioxidant capacity, which would yield positive
effects on health and greater stability.

60 ,
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Figure 2. Evolution of the oxidative stability for the virgin olive oils produced with the varieties of
olives cultivated in the Aceite de la Alcarria PDO (veraison and ripe). Mean values for the samples
collected across the four consecutive olive crop seasons under study.

The varieties that generate the least stable oils are Gordera and Martin Galgo, regardless
of the state of maturity of the olives (Figure 2).

3.1.5. Fatty Acid Composition

Fatty acids are the main components of oils, and thus tend to establish their physical
behaviour, greatly affecting their viscosity and determining their fusion point. Addi-
tionally, the chemical and nutritional properties of olive oil are notably influenced by
these compounds.

However, the fatty acid composition has a relatively broad range of values in virgin
olive oils due to the genetic and environmental factors which prevail during the fruit devel-
opment, as well as the ripening stage of the olives at harvest time [36]. A number of authors
have used fatty acid composition as a parameter for olive oil classification [14-17,31,37].

The ripening stage of the olives can have certain effects on fatty acids in oils. Previous
studies have shown that olive oils elaborated with olives in an advanced state of maturity
present lower palmitic acid content, the main saturated fatty acid, and in oleic acid, the main
monounsaturated fatty acid. In contrast, such oils present higher linoleic acid content [8].
Small changes can be observed in the virgin olive oils produced with olives grown in the
Aceite de la Alcarria PDO (Table 3), with this being general across all the varieties, although
the differences were not statistically significant.
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Table 3. Variation in the proportion of palmitic acid, oleic acid and linoleic acid, according to olive
maturity, for the virgin olive oils produced with the variety of olives grown in the Aceite de la Alcarria
PDO (veraison and ripe). The data show the mean values and the standard deviations for the samples
collected across the four consecutive olive crop seasons under study.

Palmitic Acid (%) Oleic Acid (%) Linoleic Acid (%)

Arbeaning Veraison 12.37 + 1.58 7531 + 3.25 7.62 4134
1 Ripe 12.53 + 1.16 74.95 -+ 2.50 7.59 +1.16
Castell Veraison 1427 +1.71 75.25 + 2.13 5.03 4 0.98
astettana Ripe 13.81 4 0.88 74.21 + 2.05 5.98 +0.92
Gord Veraison 12.00 £ 0.9 77.38 £ 1.71 5.42 4+ 1.02
ordera Ripe 11.96 4 0.93 75.74 + 2.74 6.95 + 1.94

M - Veraison 12.26 + 1.9 78.17 + 4.48 417 +1.31
anzanitia Ripe 11.89 + 1.17 78.00 + 2.48 4.74 + 0.43
Martin Galeo  Veraison 11.25 + 0.9 78.46 + 2.65 5154 1.38
8 Ripe 11.14 + 0.96 77.28 £3.41 4.88 4 2.68

No significant differences were found between maturation stages (Duncan test, p < 0.05).

Generally, the amounts of oleic and linoleic acids are inversely proportional in olive
oils, such that when the content of one increases, that of the other decreases. During
ripening, this is the result of the activity of the oleate desaturase enzyme, which transforms
oleic acid into linoleic acid during triglyceride biosynthesis [6]. The presence of a greater
proportion of linoleic acid, which has a higher degree of unsaturation, which can be
beneficial for the nutritional value of the olive oil.

The different fatty acid content values in all the analysed samples fall within the ranges
provided for in Commission Regulation (EC) No 1989/2003, that consider the following
values: myristic < 0.05%; palmitic = 7.5-20.0%; palmitoleic = 0.3-3.5%; arachidic < 0.6%;
behenic < 0.2%; stearic = 0.5-5.0%; oleic = 55.0-83.0%; linoleic = 3.5-21%; linolenic < 1.0% [38].

3.1.6. Sterols and Triterpenic Dialcohols Composition

Sterols are monovalent higher alcohols that are part of the unsaponifiable fraction
of olive oil. The composition of the sterolic fraction of olive oil is used for detecting
adulterations with other vegetable oils and can be considered as the fingerprint of oils [39-41].
In addition, the use of sterols and triterpenic dialcohol profiles has been proposed to classify
virgin olive oils according to their variety [42—44].

Other constituents of the unsaponifiable fraction are triterpenic dialcohols (erythrodiol
+ uvaol), which levels in olive oil are generally low as they are mainly found in the olive
skin [42]. In contrast, in olive-pomace 0il, as organic solvents (hexane) are used in the
extraction process, the levels are higher. Thus, the content of triterpenic dialcohols is limited
by Regulation EEC 2568/91 to a maximum of 4.5% of the total sterols [19], because higher
concentrations are indicative for possible adulteration with pomace oil, and therefore may
act as another important index of virgin olive oil authenticity [45].

In all the samples analysed, the levels of sterols and triterpenic dialcohols content were
found to be within the intervals required by Commission Regulation (EC) No. 1989/2003
for extra virgin olive oils (cholesterol < 0.5%; campesterol < 4.0%; stigmasterol < campesterol;
-apparent sitosterol > 93.0%; A-7-stigmasterol < 0.5%; total sterols > 1000 mg/kg; ery-
throdiol + uvaol < 4.5%) [38], with the exception of total sterol content. With regard to
this latter parameter, the oils made with Castellana and Gordera olives presented values
below 1.000 mg/kg, which does not make it a fraudulent oil, as this seems to be an intrinsic
characteristic of these varieties. The same result was also found in some of the Martin Galgo
samples (Figure 3).
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Figure 3. Total sterol content (mg/kg) the monovarietal oils produced with the varieties of olives
grown in the Aceite de la Alcarria PDO (veraison and ripe). Mean values for the samples collected
across the four consecutive olive crop seasons under study. No significant differences were found
between maturation stages (Duncan test, p < 0.05).

The state of ripening of the olives did not significantly affect the sterol and triterpenic
dialcohol content in any of the varieties under study, which contrasts with the findings of
the studies by Fuentes et al. [46] on oils produced in Extremadura, using olives indigenous
to the autonomous community, where the content in total sterols, apparent [3-sitosterol and
erythrodiol + uvaol was found to decrease as olives ripened.

3.2. Characterization of Monovarietal Virgin Olive Oils from Aceite de la Alcarria PDO According
to Olive Crop Season

Agro-climatic conditions, such as the planting pattern, light interception and the
amount of water available, may be another factor with an impact on the physicochemical
parameters of olive 0il [11,12]. Thus, to characterise monovarietal virgin olive oils produced
with olives grown in the Aceite de la Alcarria PDO, it is also important to evaluate possi-
ble changes in their physicochemical composition that might be affected by the climatic
conditions prevalent in the different olive crop seasons under study.

An analysis of the four seasons considered in this study reveals small differences
in the physicochemical composition of the oils, which tend to present similar tendencies
in relation to the season analysed. The olive oil samples that showed the greatest differ-
ences were those from the 2017 /2018 season, in which all the varieties yielded different
virgin olive oils, while the differences in the other seasons were less clear, with some
overlapping appreciated.

The main difference can be seen in the composition of oleic acid and linoleic acid.
In this case, the largest changes correspond to the 2017/2018 season, which showed the
lowest values for the former and highest for the latter (Figure 4). This trend was similar
for all the five olive varieties under study. The lowest linoleic acid content and the highest
oleic acid content correspond to the 2018/2019 season, in which all the varieties presented
lower levels of linoleic acid and higher levels of oleic acid.
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Figure 4. Oleic and linoleic acid content of the monovarietal oils produced with the varieties of olives
grown in the Aceite de la Alcarria PDO across four consecutive olive crop seasons. Mean values of the
samples elaborated in each season.

Previous studies have reported the impact of rainfall on the most common fatty acids,
such that in drier years there is a decrease in oleic acid and an increase in linoleic and
palmitic acids [13]. This same effect is found when olives are submitted to water stress
treatments [47], especially in the case of high-intensive crops, in which the intention is to
maximise production [48].

In the case of other compounds that might be affected by climatic conditions, this
tendency is less clear. For example, the total sterol content has also been shown to be
impacted by the amount of precipitation, although this association is less robust and varies
according to an olive variety [13,49]. Among the sterols, campesterol, whose content
appears not to decline in dry, hot climates [13], shows no clear tendency in relation to the
season in which the olives were harvested in our study (Figure 5).
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Figure 5. Campesterol content of the monovarietal oils produced with the varieties of olives grown in
the Aceite de la Alcarria PDO during the four consecutive olive crop seasons under study. Mean values
of the samples elaborated in each season. Different letters within each variety indicate significant
differences among seasons (Duncan test, p < 0.05).
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The oils made using Manzanilla and Castellana olives showed no significant differences,
while the Arbequina, Gordera and Martin Galgo varieties presented their highest campesterol
values in different seasons.

As regards the phenol compounds, the monovarietal olive oils showed differences
according to the olive variety studied (Figure 6), despite maintaining their varietal charac-
teristics, with Castellana and Manzanilla varieties exhibiting the highest phenol compound
content in the 4 seasons under study. Studies on olives submitted to different irrigation
treatments tend to report that the phenol compound content increases when the amounts
of water applied are lower [50], with this effect significantly increasing when the water
stress is early [51,52]. This moment tends to coincide with the summer when rainfall can
be variable across the sampling seasons analysed. Hence, the impact on phenol compound
content may stem more from rainfall at certain moments of fruit development, rather than
from the total amount of rainfall over the year. This would make it more difficult to find
similar patterns in phenol compound content across all the varieties and sampling, as the
provision of water available for the olive trees cannot be controlled.
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Total phenol content (mg caffeic acid/kg)

Figure 6. Total phenol content of the monovarietal oils produced with the varieties of olives grown in
the Aceite de la Alcarria PDO during the four consecutive olive crop seasons under study. Mean values
of the samples elaborated in each season. Different letters within each variety indicate significant
differences among seasons (Duncan test, p < 0.05).

The oxidative stability values for the virgin olive oils show the impact of fatty acid
content. The greater proportion of linoleic acid in the 2017/2018 season is reflected in the
lower levels of oxidative stability in the same oils (Figure 7), although in most varieties
the differences with other seasons are non-significant. This is because oxidative stability
can also be affected by other compounds, such as tocopherols and phenols, which showed
no clear trend across the four seasons under study. In any event, the monovarietal virgin
olive oils elaborated with olives from the Aceite de la Alcarria PDO typically maintain their
varietal characteristics, with the greatest stability in the four study seasons corresponding
to the virgin olive oils made with olives of the Castellana and Manzanilla varieties.

In sum, it can be concluded that agroclimatic conditions affect the physicochemical
composition of the oils, although these changes tend not to be significant, with varietal
characteristics being maintained regardless of the harvesting season analysed.



Agronomy 2021, 11, 1439

14 of 17

M 2015 W2016 m™2017 2018
70

50
40
30
20

Induction time (h)

10

Arbequina  Castellana Gordera Manzanilla  Martin Galgo

Figure 7. Oxidative stability of the monovarietal oils produced with the varieties of olives grown in
the Aceite de la Alcarria PDO during the four consecutive olive crop seasons under study. Mean values
of the samples elaborated in each season. Different letters within each variety indicate significant
differences among seasons (Duncan test, p < 0.05).

3.3. Physicochemical and Sensory Characterization of the Virgin Olive Oils the Mills Registered
under the Aceite de la Alcarria PDO

All the virgin olive oils analysed in this study presented low values on the regulated
physicochemical quality parameters considered, with all of them being classified as “extra
virgin”. These values confirm the physicochemical quality of the virgin olive oils produced
in the study area.

As regards the regulated organoleptic quality parameters, 62.5% of the samples anal-
ysed were classified as “extra virgin”, since the sensory evaluation determined that the
mean of defects was 0 and the mean of the fruity attribute was above 0. The remaining
37.5% of the oil samples were listed as “virgin” because the mean of defects was between 0
and 3.5. All the olive oils samples classified as “virgin” were collected from end-of-season
deposits, which corroborates the loss of quality in oils made from Castellana olives as the
harvesting season progresses. This leads us to recommend early harvesting to produc-
ers in the area. The sensory defect found in the virgin olive oil samples was again the
winey attribute.

The oils collected from the storage tanks at the oil mills showed similar characteristics
to those monovarietal oils from Castellana, since this is the predominant variety in the area.
Thus, oxidative stability showed medium values, but always higher when the samples were
collected from deposits where the oil was elaborated from olives collected at the beginning
of the season. This medium-level stability may be associated with the medium content of
total phenols. The highest values found for oxidative stability was achieved by the oils
produced in the Valdeolivas mill (Cuenca). However, these values were still far from those
corresponding to varieties known to be highly stable such as Picual and Cornicabra, both
predominant in other nearby olive-growing areas [14-16]. The values obtained guarantee
the virgin olive oils from the study area have a considerable commercial value.

The fatty acid composition of the olive oils also showed similar values to those
observed for the monovarietal Castellana oil. The oils from the study area are distinguished
by their high palmitic and palmitoleic acid content, their low oleic acid content, and
their medium values in stearic and linoleic acids, compared to the other varieties in the
study area.

The sterol composition of the virgin olive oils presents, as in the case of the fatty acid
content, similar values to those observed for the Castellana variety in the study on the
monovarietal virgin olive oils: high campesterol values, near the values established by
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regulations, but much lower than those found in other varieties such as Cornicabra [14,15],
and low values of total sterols and high values of erythrodiol + uvaol.

4. Conclusions

Olive ripeness impacts the characteristics of the monovarietal virgin olive oils pro-
duced from the olive varieties grown in La Alcarria as olive oils made from olives in
veraison showed better values regarding quality regulated parameters. However, all the
monovarietal virgin olive oils were classified as extra virgin olive oil regardless of variety
or maturation stage. In addition, fruitiness declines as ripening progresses, although this
was only significant in the varieties of Castellana, Gordera and Manzanilla. Small variations
in antioxidant compounds are reflected in the decreased oxidative stability of the oils
produced with ripe olives.

It has also been observed that agroclimatic conditions affect the physicochemical com-
position of oils, although such changes tend not to be significant, with the characteristics of
the variety being maintained, regardless of the season analysed.

Finally, the physicochemical and sensory analyses of the virgin olive oils produced in
the mills listed under the Aceite de la Alcarria PDO, presented, as might be expected, similar
values to those found in the monovarietal virgin olive oils made with Castellana olives,
which are clearly predominant in the study area.

The characterization of monovarietal olive oils allows finding differences in terms of
the physicochemical composition and sensory parameters of olive oils. For this reason, it is
interesting to delve into the study of local varieties that can provide greater variability in
terms of the sensory notes of extra virgin olive oil, to satisfy the taste of all consumers.
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