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RESUMEN

Efecto de diferentes regimenes de riego sobre los
indices de calidad del aceite de oliva de cv. “Cobrancosa”

El objetivo del estudio fue evaluar el efecto de distintas
estrategias de riego en la composicién y la calidad del aceite
de oliva virgen de cv. Cobrangosa, integrado en una deno-
minacién de origen protegida de «Azeite de Tras-os-
Montes», en el noreste de Portugal. Tres tratamientos de
riego fueron aplicados: T2-riego total, el olivo recibio el equi-
valente estacional de agua al 100% de la evapotranspira-
cién estimada del cultivo (ETc), T1-riego continuo deficitario
(30% de la ETc) y el tratamiento TO-de secano. Los datos
fueron recolectados a partir de dos campafas agricolas con-
secutivas (2005-2006). Los regimenes de riego tuvieron un
efecto menor en los indices de calidad estandar (acidos gra-
sos libres, indice de perdxidos, K, ¥ K,yo) del aceite de
oliva y en la composicién de acidos grasos. Los polifenoles
totales disminuyeron hasta el tratamiento T2, y se relaciona-
ron fuertemente con el integral de estrés hidrico, lo que
sugiere que el efecto del riego sobre esta variable se produ-
ce a lo largo de la temporada de cultivo y no sélo durante la
fase de acumulacion de aceite. Una estrategia de riego defi-
citario continuo con sélo 30% de la ETc maxima puede tener
un efecto beneficioso, ya que aumentoé la produccion de
aceite de oliva a mas del doble que en condiciones de seca-
no, mientras que la calidad del aceite de oliva fue similar.

PALABRAS CLAVE: Aceite de oliva virgen — cv. Co-
brancosa — Indices de calidad — Riego.

ABSTRACT

Effect of different irrigation regimes on the quality
attributes of monovarietal virgin olive oil of cv.
“Cobrancosa”

The aim of this study was to assess the effect of different
irrigation strategies in virgin olive oil (VOO) composition
and quality of cv. Cobrancgosa, integrated in a protected
denomination of origin of “Azeite de Tras-os-Montes” in

the Northeast of Portugal. Three irrigation treatments were
applied: T2-full irrigation that received a seasonal water
equivalent to 100% of estimated crop evapotranspiration
(ET,), T1-continuous deficit irrigation (30% ET,) and TO-
rainfed treatment. Data were collected from two consecutive
crop years (2005-2006). Irrigation regimes had a minor
effect on standard quality indices (free fatty acids, peroxide
value, K,3, and K,,,) of VOO and in fatty acid composition.
Total polyphenols decreased up to treatment T2, and were
strongly related to the water stress integral, suggesting
that the effect of irrigation on this variable occurs along
the crop season and not just during the oil accumulation
phase. A strategy of continuous deficit irrigation with only
30% of maximum ETc may have an advantageous effect,
as it increased oil yield to more than double that of rainfed
conditions while VOO quality was similar.

KEY-WORDS: cv. Cobrangosa — lIrrigation — Quality
indices — Virgin olive oil.

1. INTRODUCTION

Since time immemorial virgin olive oil (VOO)
has been considered an essential ingredient
of Mediterranean diet because of its special
characteristics. In recent years, the consumption of
VOO and table olives has steadily increased, even
in countries that do not have such tradition, due to its
associated healthy properties, namely its beneficial
effect on protection against cardiovascular and
neurodegenerative diseases (Pérez-Jiménez et
al., 2007), and its potential role in reducing the
potential risk of several cancers (Menendez et
al., 2006). These beneficial effects are related to
the characteristic fatty acid composition and the
presence of minor components, such as squalane,
phytosterols and antioxidant molecules, such
as tocopherols and other phenolic compounds
(Owen et al., 2000). Moreover, it is widely known
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that the quality characteristics of extra-virgin olive
oils derive from concomitant action of various
agronomical factors such as olive variety (Vinha et
al., 2005), climatic conditions during growth (Mousa
et al., 1996), degree of maturation (Bonoli et al.,
2004) and agronomic practices related to irrigation
management (Tovar et al, 2002; Servilli, et al.,
2007; Gémez-Rico et al., 2009).

In recent years, olive (Olea europaea L.)
cultivation is steadily expanding in many countries
in response to increased oil consumption, and
many agronomic practices have been changed
for improving the management of the intensive
cultivation systems aimed at increasing yield and
reducing the costs. One of the most important
changes that are currently occurring in olive
cultivation is the expansion of irrigated orchards.
Despite the olive tree to cope with severe and
prolonged drought, it is well-known that a lack of
water decreases yield and fruit size (Pastor et
al., 1996) and there is evidence that conditions of
mild water deficit, imposed with deficit irrigation
strategies (DI) have a small impact on yield, while
saving an important volume of water applied,
and therefore increasing the water use efficiency
(Iniesta et al., 2009). Recently, Fernandes-Silva et
al. (2010) showed that a strategy of a continuous
DI, reduced oil yield only 25% as compared to
maximum irrigation, while it allowed saving 60%
of applied water, which is in accordance with
previous reports related to other DI strategies and
cultivars (Wahbi et al., 2005; Gucci et al., 2007).
Although, several studies agree on the positive
effect of DI strategies on growth and yield, they
differ in terms of the effect of irrigation on olive
oil quality. For example, previous studies on the
effect of irrigation on the fatty acid composition are
controversial, some reporting no effect (Patumi et
al., 1999; Motilva et al., 2000; Magliulo et al., 2003)
while others indicated that irrigation can modify the
fatty acid profile (Faci et al.,, 2002; Tognetti et al.,
2007 ), perhaps in relation to differential responses
of cultivars to environmental factors, whereas
a negative relation has been reported between
irrigation amounts and polyphenol content (Patumi
et al.,1999; Gémez-Rico et al., 2007). On the other
hand, it has been shown that irrigation also affects
the phenolic and the volatile profiles, which is
cultivar dependent (Romero et al., 2002). Thus, it is
very relevant to highlight that any type of irrigation
management employed in olive orchards must take
into account the compromise between the effect
on olive ail yield and on VOO quality, especially in
relation to minor compounds, as they are the main
determinants of oxidative stability and for their
exceptional flavour (Tovar et al., 2001; Gémez-
Alonso et al., 2002; Guerfel et al., 2012).

The aim of this study was to evaluate the effect
of different irrigation strategies in VOO saponifiable
and unsaponifiable composition and VOO quality of
a Portuguese cultivar, cv. Cobrangosa, integrated in
a protected denomination of origin (PDO) of “Azeite
de Tras-os-Montes” in the Northeast of Portugal.

2. MATERIALS AND METHODS

2.1. Study site and experimental conditions.

The experiment was conducted during 2005
and 2006, in a 10-year-old commercial olive (Olea
europaea L. cv “Cobrangosa”) orchard, with a tree
spacing of 6 m x 6 m, located at Vilarica Valley
(41.33° N, 7.04° W; 240 m altitude) a typical olive
growing area of Northeast of Portugal. Three
irrigation treatments were applied: full irrigation
(T2) that received a seasonal water equivalent to
100% of estimated crop evapotranspiration (ET,),
continuous deficit irrigation (T1) that received a
volume of water equivalent to 30% of estimated ET,
and a rainfed treatment (T0). The trees were drip-
irrigated daily by 4 drippers per tree (two at 0.5 m
and two at 1.5 m from the trunk), each with a flow
rate of 4 L h™', connected to a single drip line. The
experimental layout consisted of three adjacent
blocks each of these made of four rows with twenty
olives trees, where only the six central trees were
used for sampling. Additional information about
climatic conditions, amount of water applied,
irrigation water quality and soil properties may be
found in Fernandes-Silva et al. (2010).

In order to express the effect of the different
irrigation regimes used and the water status, the
water stress integral (Sy) as defined by Myers
(1988) was calculated from the midday shoot water
potential (W) data in both years from DOY 167-273:

Sy =[2(Sn—c)n

Where S, is the average of shoot water potential
for any interval, ¢ is the maximum shoot water
potential and n is the number of the days in the
interval. Detailed information about the measurement
of shoot water potential has been reported in a
previous work (Fernandes-Silva et al., 2010).

2.2. Yield and olive oil samples

Harvest was performed in the first half of
December each year. Each tree was manually
harvested and the yield weighed at the site. The
olive ripeness index was determined immediately
before harvest, a sample of 100 fruits/tree were
randomly collected around the canopy of the
tree and three replications per treatment were
sampled; the fruits were classified using a 0 to 7
scale according to skin color (Beltran et al., 2008).
Subsamples of around 3 kg of each tree/treatment
were collected and mixed to complete a sample of
18 kg which was used for VOO extraction by the
system Oliomio (Oliomio 50) hammer mild. The
paste underwent malaxation at 25 °C for 30 min
and the oil extracted with a two-phase decanter.

2.3. Analytical determinations

All analytical determinations were carried out in
triplicate. The free acidity, given as % of oleic acid,
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peroxide value (PV), expressed as meq of active
oxygen per kg of oil (meqO,kg), K, and Ky,
extinction coefficients calculated from absorption
at 232 and 270 nm, totals sterols and fatty acid
composition were quantified following the analytical
methods in accordance with the European Official
Methods (UE 1989/2003 modifying the ECC 2568/91).

2.4. Polyphenol content

Phenolic compounds were isolated and extracted
using the modified method described by (Vazquez-
Roncero et al., 1973). The oil sample (10 g) dissolved
in n-hexane (25mL), was extracted (10 mL) in
triplicate with methanol/water (60:40). The aqueous
fractions were collected in a volumetric flask
(50 mL) and completed with distilled water to obtain
the total polyphenol extract. The concentration of
total polyphenol was estimated with the Folin-
Ciocalteau reagent at 725 nm. Results were
expressed as mg of caffeic acid per kg of oil.

2.5. Tocopherols

An oil sample of 1 g was dissolved in 10 mL of
acetone and o-tocopherol and y-tocopherol were
determined by HPLC equipped with a photodiode
detector UV set at 292 nm. The column used was
a Lichrospher 100 RP,g5 pm x 25cm (Merck) under
isocratic conditions, with acetronitrile + methanol
(1:1 v/v)/ phosphoric acid (96: 4 v/v) as the mobile
phase at a flow rate of 2 mL/min; the injection
volume was 20 pL.

2.6. Oxidative Stability

This was measured by the Rancimat method
(Lalbli & Bruttel, 1986). Oxidative stability
is expressed as the induction time (hours)
measured with the Rancimat apparatus (Metrohm,
Switzerland) using an oil sample of 4 mL at 110 °C
and 20 L h™" air flow. The time taken to reach a
fixed level of conductivity was measured.

Table 1

2.7. Sensory analysis

Sensory analysis is evaluated by quantitative
descriptive analysis (QDA), which was made by
a Panel test, all elements of staff of the Technical
Studies Laboratory at Institute of Agronomy,
Technical University of Lisbon, according to current
UE regulation (UE 1989/2003 modifying the ECC
2568/91). The evaluators had experience in QDA
and in virgin olive oil sensory evaluation; they are
recognized by the International Olive Council.
The samples of VOO (15 @), in duplicate, were
provided to the evaluators in blue glass tumblers
(100 mL), covered with watch glasses and heated
at approximately 20 °C, in a heater device. For a
description of the VOO, the following terms were
used: olive fruity; apple; other fruits like almonds
and nuts; and negative attributes for the VOO
olfactory profile; bitter, pungent, sweet, cut grass
and negative attributes to define the VOO taste
notes.

2.8. Statistical analysis

Results are shown as figures and tables using
Microsoft Excel. Correlation analysis (Pearson’s
correlation) was performed with Statistica for
Windows release 7.0.

3. RESULTS AND DISCUSSION

3.1. Water status and oil yield

Irrigation treatments clearly affected tree water
status. At the end of the growing season water
stress integral values of rainfed (T0) and continuous
deficit irrigation (T1) were 8.0 and 2.3 times greater
than full irrigated tress (T2), respectively, in 2005,
and 8.7 and 3.2, respectively in 2006 (Table 1).
The plants of the rainfed treatment experienced
a severe water deficit, with values of midday and
predawn stem water potential lower than —7 MPa
as reported in a previous work (Fernandes-Silva et

Water status in Cobrancosa olive trees, normalized oil yield and maturation indices
in 2005 and 2006 (n = 6). TO-Rainfed, T1 and T2 = irrigated with 30% and 100% ET,
respectively

Water stress:

vear MM poy167273 integral oi ‘Qig‘";f!;:s’“ Maturation
(SV167273» MPa x day)
2005 T2 36.2 +22.9 149.2+ 31.8 3.07 £ 0.04
T1 82.3+31.6 92.1 +39.0 3.26 +0.03
TO 290.0 + 35.5 29.0 + 31.6 3.81+0.02
2006 T2 232 8.1 178.7 £ 31.5 3.27 £ 0.03
T1 73.4£12.1 173.7 £9.10 3.36 +0.02
TO 201.2 + 14.9 116.1 + 23.2 3.74 £ 0.01

TCSA —trunk cross sectional area oil yield— Total virgin olive oil physically extracted.
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al., 2010), while in T2 those values never fell below
—2.5 and —0.70 MPa, respectively.

The improvement of tree water status with
irrigation had a positive effect on growth, which
was reflected in an increase of trunk diameter of
irrigated treatments with higher values in T2. The
results about trunk diameter, olive production, fruit
size, dry matter and olive oil physically extracted
are published in a previous work (Fernandes-
Silva et al., 2010). Because trunk diameter were
distinct between irrigation treatment as shown
in Fernandes-Silva et al. (2010), so we used the
parameter oil yield/TCSA (trunk cross sectional
area) to express the results of olive oil production.
Thus, oil yield/TCSA of T1 and TO treatments was
81 and 44% of that of T2 trees, respectively (means
of both growing seasons). Hence, deficit irrigation
produced a slight reduction in oil yield (19%) while
saving about 1200 m™ ha of applied water per
year (Fernandes-Silva et al, 2010), confirming
results obtained with other olive cultivars (Motilva
et al., 2000; Gucci et al., 2007). In both years the
maturation indices at the ripening data was lower
in fully irrigated trees, whereas they showed
the highest values in rainfed trees. This can be
explained by the higher crop load of the trees in the
irrigated treatments that retard fruit maturation and
anthocyanin accumulation. In fact, several studies
have shown that a low crop load hastens and
shortens fruit ripening (Barone et al., 1994).

3.2. Virgin olive oil quality indices

The effect of irrigation level in Cobrangosa
oil sample quality indices are shown in Table 2.
The values of free acidity, peroxide value and
absorptions characteristic in the UV region at 270
nm and 232 nm for all olive oil samples studied
were lower than the maximum limits imposed for
the EU legislation (UE 1989/2003 modifying the

ECC 2568/91) for the extra virgin olive oil category.
Free acidity showed a more marked difference
between the two years than among irrigation
treatments. Thus, the higher values were observed
in 2005 in TO treatment while the lower was in T2;
whereas in 2006 the difference between treatments
was slight. The higher values observed in 2005
may be explained with fruit damage caused by olive
fly (Bactrocera olea Gmelin) attacks. This was also
observed by Gomez-Rico et al. (2007) in virgin olive
oils from cv. Cornicabra. Peroxide value (Table 2)
showed a tendency to increase with irrigation level,
which is consistent with previous studies (Ismail et
al., 1999; Stefanoudaki et al.,, 2009), while others
reported no differences with irrigation level (Patumi
et al., 1999; Faci et al., 2002; Gémez-Rico et al.,
2009). In the 2005 season, this parameter was
50% higher in watered treatments (T1 and T2) than
in the TO treatment, whereas in 2006 it was only
12.5% and 38% higher for T1 and T2, respectively.
Spectrophotometric absorbance characteristics in
the UV region at 232 nm and 270 nm did not show a
clear response to irrigation in the two years of study.
In 2005, the presence of conjugated diene content
(as indicated by K,5,) was the same in T2 and TO,
while in T1 this parameter increased 6%; in 2006
the differences between treatments were very small
(£2%). Although, the effect of irrigation on these
parameters is not sufficiently documented, there
are studies with conflicting results. For example,
several studies (Ismail et al,, 1999; Gdomez-Rico
et al., 2007; Aganchich et al., 2008) reported that
theses indices decreased with irrigation amounts
while others reported no effect (Stefanoudaki et al.,
2001). Gomez-Rico et al. (2007) attribute this effect
to the interference of phenolic compounds content
(higher in rainfed), which absorbs in the UV region
in these analytical determinations.

It has been recognized that polyphenols and
tocopherols are substances with natural antioxidant
properties and their presence in olive oils has

Table 2
Values of acidity, peroxide value, K232 and K270 extinction coefficients, Total polyphenols and oxidative
stability of cv. Cobrancosa virgin olive from diferrent irrigation regimes in 2005 and 2006. T0-Rainfed,
T1 and T2 = irrigated with 30% and 100% ETc, respectively

mgson | Freescidly  Paoxieval K poyphenos el
B (mg kg™) Y
2005
T2 0.55 +0.02 10.33 + 0.58 1.86 +0.00 0.12+0.00 100.37 + 1.50 11.93 + 0.06
T 0.60 = 0.01 10.00 = 0.00 1.95+0.00 0.12+0.00 181.87 +1.10 13.33 = 0.06
TO 0.81 = 0.02 6.67 + 0.58 1.85 + 0.01 0.13 +0.00 274.03 £ 2.20 17.50 + 0.17
2006
T2 0.30 +£0.00 11.00 = 0.02 1.81+0.02 0.10+0.01 155.00 + 0.31 12.40 = 0.15
T 0.20 = 0.00 9.00 = 0.01 1.83+0.05 0.11 +0.02 237.00 = 3.26 15.70 £ 0.10
TO 0.20 £ 0.00 8.00 £ 0.00 1.79 £ 0.01 0.11 £0.00 206.20 = 2.08 17.70 £ 0.15

values + SD of three determinations.
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been associated to their general quality, improving
stability, nutritional value and sensorial properties
(Boskou et al., 2006). In this study full irrigation (T2)
revealed a tendency to decrease the concentrations
of total polyphenols (TP), which may range from
25-51% and 31-45% in relation with rainfed (TO)
and deficit irrigation (T1), respectively (Table 2),
which corroborate with observed by other authors
(Tovar et al., 2001; Patumi et al., 2002; d’Andria et
al., 2004; Moriana et al., 2007) in other cultivars.
Although, within the same cultivar, polyphenol
contents may vary widely according to ripening
stage, climate and agronomic factors, the values of
TP found in this particular study were in the range
of previous work with cv. Cobrangosa (Matos et al.,
2007a). A good linear relationship was observed
between total polyphenols and water stress integral
(Table 3), which is in accordance with previous
reports (Owen et al., 2000; Servilli, et al., 2007).
Therefore, olive trees that had been exposed to
a certain level of water deficit produced oils with
higher concentrations of polyphenols, which were
seemingly richer in the olive fruit (Patumi et al.,
1999; Tovar et al, 2002). In addition, previous
studies in cv. Cornicabra (Moriana et al., 2007)
indicated that the effect of water status of olive trees
throughout the year affects the concentration of

phenolics and not just during the oil accumulation.
These authors found that the total phenol content
of the rainfed trees was sharply reduced in years
which had a rainy spring (the last rain falling in
June) and a dry autumn.

Table 4 reports the content of o and
v-tocopherols from the tree irrigation regimes. In
2005, it is possible to observe a decreasing trend in
y-tocopherol with the amount of water applied, from
14% to 22% in T1 and T2 treatments, respectively,
to TO, whereas +y-tocopherol did not reveal a
clear behavior, with slight differences between
treatments (<5%). In 2006, these parameters
showed an opposite behavior in relation to 2005.
The values found in this study were in the range
observed in a previous work for this cultivar (Matos
et al., 2007b).

VOO obtained from the TO treatment showed
the highest resistance to oxidation, as a result
of the highest values observed (17.5 to 17.7 h)
of oxidative stability (Table 2). This parameter
was reduced by 30% and 11-22% in T2 and T1,
respectively. This decrease in oxidative stability
is usually explained by the decrease in natural
antioxidants like polyphenols, tocopherols. Given
this assumption, several researchers have tried
to find which of the mentioned substances is

Table 3
Correlation between polyphenols and tocopherols contents and water stress
integral and correlation between polyphenols and tocopherols contents and
oxidative stability of cv. Cobrangosa, virgin olive oils extracted from olives with
different irrigation regimes (n = 6)

Polyphenols

Tocopherols

Water stress integral®

Oxidative stability”

y = 0.473x + 133.371
#=0.715; p=0.033

y=0.038x+7.678
#=0.747; p = 0.026

y=0.121x + 271.188
#=0.200; p=0.373

y=0.046x + 1.571
#=0.24; p=0.322

2variable predictor; ° variable dependent.

Table 4
Sterol and tocopherol composition of cv. Cobrancosa virgin olive from different irrigation regimes in 2005
and 2006. T0-Rainfed, T1 and T2 = irrigated with 30% and 100% ETc, respectively

Irrigation Sterol Parameter (mg kg™) Tocopherols (mg kg™)
Level/
Year Cholesterol ~ Campesterol ~ Stigmasterol ~ (-Sitosterol ~ A-Stigmasterol Total o Y
2005
T2 15+0.0 41.8+0.42 17.9+0.2 1418.9+13.8 3.0+0.0 1491 £151  2251+50  175%05
T 2.8+0.0 375+0.63 13.0+0.9 1327.5+18.6 2800 1393+195 2480+30  16.1+0.2
T0 1.8+0.0 45.6 +0.98 9.4+1.1 1681.5+37.4 35+0.1 1753+375  287.1x2.1 17.0+0.2
2006
T2 1.7+0.0 45714 149+ 0.1 1577.0£17.0 33+0.0 1653 + 16.1 320.0+4.5 14.8+0.5
T 16200 421206 11.1£0.1 15109+ 11.9 32+0.0 1580 £11.7 2799260  14.0x05
TO 1.7+0.0 488+0.7 8.6+0.1 1651.0+21.5 35+0.0 1724216  2814+1.0 16.8+£0.3

values + SD of tree determinations.
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more correlated with oxidative stability. A number
of studies have demonstrated that polyphenols
contents are, among the minor compounds,
the group more correlated with this parameter
(Salvador et al., 1999; Gomez-Alonso et al., 2002;
Matos et al., 2007a). In our study, a high correlation
was verified between polyphenol contents and
oxidative stability (Table 3). Pearson’s correlation
coefficients between these variables was high
and significant (p=0.026) but not significant
correlation was found between oxidative stability
and tocopherols content (p = 0.322), which is in
agreement with previous studies (Baldioli et al.,
1996; Stefanoudaki et al., 2009). The antioxidant
behaviour of tocopherols represents a complicated
phenomenon as they are efficient antioxidants at
low concentrations but they steadily lose efficiency
as their content in the vegetables oils increase
(Kamal-Eldin, 2006). Indeed, studies on the
contribution of different compounds in virgin olive
oil stability reported that the oleic/linoleic acid ratio
was one of the main determinants of oxidative
stability (Aparicio et al., 1999). It is well-known that
polyunsaturated fatty acids are more susceptible
to oxidation, and consequently, could shorten the
shelf life of the oil. Furthermore, olive oil oxidative
stability might depend on some synergistic effects
(still unknown) among fatty acid composition,
phenolic compounds, tocopherols, carotenoids and
chlorophylls (Aparicio et al., 1999).

Sterol content decreased in irrigated treatments
(Table 4), due to the decrease in y-sistosterol,
the main sterol, which was more pronounced in
2005. These results agreed with previous previous
results in cv Koroneiki (Stefanoudaki et al., 2009)
and were in contrast with those reported in cv.
Arbequina (Faci et al., 2002), which indicated a lack
of response of these compounds with increasing
applied water. In our study we observed an opposite
trend for the stigmasterol fraction, with increases
from 80% (T1) to 140% (T2), while the other sterols

(cholesterol, campesterol and y-stigmasterol) did
not show important variations.

3.3. Virgin olive oil major components: fatty
acid composition

Table 5 shows the fatty acid composition of
the VOO from the tree irrigations regimes, which
is typical of this cultivar (Matos et al., 2007b).
The results reveal a variation in behavior of fatty
acid composition between years in response to
irrigation. In 2005 full irrigation showed the highest
content in oleic acid (18:1), and the lowest in linoleic
acid (18:2), while in 2006 we found an opposite
behavior, with the highest values of 18:1 and the
lowest of 18:2 in the rainfed treatment. However, in
both years, differences in 18:1 between treatments
were very small (£2%), while those in 18:2 were
more pronounced (12-14%). In relation to palmitic
acid (16:0), in 2005, the concentration did not
change with irrigation, while in 2006 there was
an increase with the water applied. Additionally,
regardless of the irrigation regime, the highest
values of 18:1 corresponded to the lowest of 18:2.
In fact, it has been reported that the contents of
18:1 and palmitic acid (16:0) decreases during
ripening, while that of 18:2 acid increases due to
the transformation of 18:1 into 18:2 acid by the
oleate desaturase activity, which is active during
triacylglycerol biosynthesis (Nergiz and Engez,
2000). The variable behavior between years, and
sometimes opposite, verified in the main fatty acid
of olive oil (oleic, linoleic and palmitic) in response
to water regime observed in this study agrees with
the results found in other cultivars. For example,
Gdémez-Rico et al. (2007) in cv. “Cornicabra”
observed, in a given year, a significantly higher
content of 18:1 acid in olive oil from dry conditions,
whereas in irrigated trees they found significantly
higher content of 16:0 acid and 18:2 acid, and
in the following year these differences were not

Table 5
Fatty acid composition (%) of cv. Cobrancosa virgin olive from different irrigation regimes in 2005
and 2006. T0-Rainfed, T1 and T2 = irrigated with 30% and 100% ETc, respectively

Irigation 160 c161 C170  Ci7:1 C180  C18: cis2  cigz s/ Mond
level Sat Poly
2005

T2 11.7:00 09%00 01x00 02+00 40+00 736+00 7.8:00 09:00 50 8.6
Ti 1.8+00 09+00 01x00 02:00 4500 72100 88:00 08:00 48 7.7
TO  116:00 09+00 02:00 03:00 40:00 723:00 9100 08:00 50 7.4
2006

T2 119:+01 10200 01:00 02:006 44:00 70300 102:00 10£00 47 6.4
T1 123+01 10+01 0201 02:000 50+00 69703 9801 09+00 44 6.6

T0 114+02 12+01 01+00 0.2=+0.00

41+00 712x0.2

9.1+01 09+0.0 4.7 7.3

Saturated acids: C16:0 palmitic, C17:0 heptadecanoic, C18:0 stearic; unsaturated acids: C16:1 palmitoleic, C17:1 heptadecenoic,
C18:1 oleic, C18:2 linoleic, C18:3 linolenic eicosanoic; Uns/Sat = unsaturated saturated acids ratios; Mono/Poly = monounsaturated

polyunsaturated acids ratios. Values + SD of tree determinations.
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observed. Similarly, other studies reported no
differences among water regimes (Patumi et. al.,
1999; Motilva et. at., 2000; Patumi et al., 2002).
For example, Magliulo et al. (2003) reported that
olive oil fatty acid composition from two different
cultivars (“Frantoio” and “Leccino”) was more affect
by varietal factors and climatic conditions of the
year than by water regimes. They also found that
during the maturation of olive fruits, the occurrence
of high temperatures early in the triacylglycerol
biosynthesis reduced 18:1 acid content whereas
16:0 acid increased in cv. “Leccinio”, while in cv.
“Frantoio”, that was not observed, indicating that it
is related to the different response of the cultivar
to environmental conditions. In addition, Rondanini
et al. (2011) observed that the Spanish cultivar
“Arbequina”, when cultivated in warm arid valleys
of Northwestern Argentina (La Rioja), produced
a lower content of 18:1 acid in relation to the
Mediterranean region. They founded a decrease
with increasing temperature during oil accumulation
of 2% per °C. Taken together, these data indicate
that there are strong varietal differences in the
response of olive oil quality to water stress that may
reflect the balance of enzymes used for fatty acid
biosynthesis.

Changes in the ratio of unsaturated/saturated
fatty acids affect organoleptic properties of olive oil,
as oil with a high content of saturated fatty acids
is more viscous and remains longer in contact with
mucous membranes of the oral cavity, giving rise
to the “fatty” defect (d’Andria et al., 2004). Besides,
the variation of the ratio monounsaturated/
polyunsaturated fatty acids may affect the oil shelf
lives. The effect of fatty acids on stability depends
mainly on their degree of unsaturation and, to a
lesser degree, on the position of the unsaturated
functions within the triacylglycerol molecule
(Kamal-Eldin, 2006). In our study, no differences
were observed in the relationship unsaturated/
saturated fatty acids (Uns/Sat) between TO and
T2, while T1 had 6% lower values than the other
treatments (Table 5), as a result of the higher
content of saturated fatty acids (especially 16:0)
in this treatment. Conversely, the relationship
Mono/Poly showed a tendency of variation with
the water regime, which was variable according
to the year, in agreement with the inter-annual
variations observed for 18:1 and 18:2 fatty acids.
These observations contrast with the results of
Gomez-Rico et al. (2007) who found that Uns/Sat
and Mono/Poly were significantly higher in olive
oil from rainfed conditions, although the difference
was small and thus of no nutritional significance.
In opposition, other studies have shown that these
relations are not affected by irrigation (Patumi et al.,
2002; d’Andria et al., 2004).

3.4. Sensory Analysis

Figure 1 shows the sensory profile for olive
oils from the three irrigation treatments. In both
years, the characteristic pungent and bitter are
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Figure 1
Sensory profile of virgin olive oils from cv. Cobrancosa from
different irrigation regimes in 2005 (A) and 2006 (B).
TO-Rainfed, T1 and T2 = irrigated with 30% and 100% ETc,
respectively.

more pronounced in olive oils from TO and T1,
which had higher polyphenolic concentrations. This
relationship is more prominent in 2005, the year
with the higher stress level (Table 1). In general,
it is possible to note that the olive oil from cv.
Cobrangosa is more bitter than pungent. The other
notes perceived in the VOO of this cultivar are olive
fruity, which seems invariable with irrigation, other
fruits, like almond, nuts, which are typical of this
cultivar (Gouveia, 1995) and are only perceived in
2005, the driest year. The perception of apple in
2005 is only present in TO, whereas in 2006 it is
present in all olive oils from the three treatments,
with the lower note in T1. All virgin olive oils
obtained using the different irrigations treatments
were classified as extra virgin by mean of the
organoleptic evaluation carried out by a recognized
olive oil panel test.

3.5. Conclusions

The VOO quality parameters that appear to be
influenced by irrigation in cv. Cobrancosa were
peroxide value, totals polyphenols, oxidative stability
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and sensory characteristics. The other quality
parameters like spectrophotometric absorbance in
UV region (232 and 270 nm) and total tocopherols
showed a behavior not consistent with the amount
of water applied in the two years. Regarding to the
fatty acid composition the results indicated that the
small variations observed are due to inter annual
variations of climatic conditions prevailing at the
time of the biosynthesis of triglyceride rather than
to the effect of irrigation. The sensory attributes
pungent and bitter are more pronounced in olive
oils from rainfed and deficit irrigation, which had
higher polyphenolic concentrations. In general, the
olive oil from cv. Cobrancosa is more bitter than
pungent.

A strategy of continuous deficit irrigation with only
30% of maximum ET, may have an advantageous
effect, as it increased oil yield to more than double
that of rainfed conditions while VOO quality was
similar. However, the preliminary results of this
work suggest that a study of other deficit irrigation
strategies is still required for cv. “Cobrangosa” to
refine the adoption of an efficient irrigation strategy
in situations where full irrigation supply is not
viable, take into account the compromise between
the effect on olive oil yield and on VOO quality,
especially in relation to minor compounds.
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