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A B S T R A C T

Olive orchards, rainfed managed, are threatened by the current and predicted adverse environmental conditions,
which change the yield and quality of olive products, largely known for its benefits to human health. To mitigate
these problems, it is highly recommended to perform some adjustments in agronomic practices, such as the use
of foliar sprays that cloud help the trees to cope with climate change. During two consecutive years, olive trees
were pre-harvest sprayed with kaolin (KL) and salicylic acid (SA) to attenuate the adverse effects of summer
stress. Olive yield was increased by 97% and 72% with KL and SA, respectively. Phenolics and antioxidant
capacity of both olives and olive oil increased and decreased in the first and second year, respectively, in a
closely association with the prevailing climatic conditions. The foliar sprays did not significantly affect the oil
quality indices, free acidity, peroxide value and K232 coefficient and decreased the K270 coefficient. This study
strongly suggests that the applied products might be effective in mitigating the adverse environmental condi-
tions, without substantial changes in fruit and olive oil quality.

1. Introduction

Olive tree (Olea europaea L.) is one of the oldest and emblematic
cash crops of the Mediterranean Basin, being cultivated mostly under
rainfed production systems. Although the species can tolerate harsh
conditions, the sector is under threat by the current adverse environ-
mental circumstances and even more by the future scenarios of climate
change (IPCC, 2013). Agricultural yield losses due to environmental
stresses are well documented and many studies have shown that is
crucial to increase the efforts in adapting measures to help the plants to
cope with such adverse conditions (Wang and Frei, 2011). The limited
water resources associated with the rugged topography of traditional
olive growing areas hinders the implementation of irrigation systems,
and/or make it economically unsustainable. Alternatively, the exo-
genous application of kaolin (KL) and salicylic acid (SA) can be ade-
quate short-term solutions to attenuate the adverse effects of summer
associated stresses. KL is a white mineral clay that avoid the accumu-
lation of heat load through the reflection of sunlight, reducing the risk

of leaf and fruit damage from high temperatures and solar injury (Glenn
and Puterka, 2004) and SA is a signaling phytohormone with diverse
regulatory roles in plant metabolism and abiotic stress tolerance (Khan
et al., 2015). However, the influence of these substances on crop quality
have received less attention than the influence on yield, possibly be-
cause they are more difficult to detect and sometimes are not con-
sensual. The application of SA increased the yield of olive (Abd El-
Razek et al., 2013; Khalil et al., 2012), peach (El-Shazly et al., 2013)
and strawberry (Jamali et al., 2011; Kazemi, 2013) crops. In peach
trees, the fruit quality was negatively affected, with lower soluble solids
and anthocyanins accumulation and higher acidity (El-Shazly et al.,
2013), whereas the quality of strawberry fruits was improved, with
higher accumulation of total phenols, both flavonoids and non-flavo-
noids, soluble solids and vitamin C (Kazemi, 2013). With KL applica-
tion, an increase in yield of olive (Saour and Makee, 2003), grapevine
(Correia et al., 2014), mango (Chamchaiyaporn et al., 2013) and apple
(Glenn et al., 2003) crops was reported. In olive trees, KL affected po-
sitively the olive oil quality and composition, in terms of total phenols,

https://doi.org/10.1016/j.scienta.2018.04.019
Received 17 November 2017; Received in revised form 7 April 2018; Accepted 9 April 2018

⁎ Corresponding author.
E-mail address: ccorreia@utad.pt (C. Correia).

Abbreviations: SA, Salicylic Acid; KL, Kaolin; C, Control; Csb, warm and temperate climate with dry and warm summer; MI, Maturation Index; TP, Total phenols; o-DP, ortho-diphenols;
Fl, Flavonoids; FA, Free Acidity; PV, Peroxide Value; K232, specific extinction at wavelength 232 nm; K270, specific extinction at wavelength 270 nm; ΔK, Variation of the specific
extinction

Scientia Horticulturae 237 (2018) 176–183

Available online 24 April 2018
0304-4238/ © 2018 Elsevier B.V. All rights reserved.

T

http://www.sciencedirect.com/science/journal/03044238
https://www.elsevier.com/locate/scihorti
https://doi.org/10.1016/j.scienta.2018.04.019
https://doi.org/10.1016/j.scienta.2018.04.019
mailto:ccorreia@utad.pt
https://doi.org/10.1016/j.scienta.2018.04.019
http://crossmark.crossref.org/dialog/?doi=10.1016/j.scienta.2018.04.019&domain=pdf


pigments, oil content, fatty acids, free acidity, peroxide value and ul-
traviolet (UV) absorption coefficients (Khaleghi et al., 2015; Saour and
Makee, 2003). In grapevines, KL contributed to the increase of sec-
ondary metabolites in fruits, as total phenols, flavonoids, anthocyanins
and vitamin C, as well as antioxidant capacity (Dinis et al., 2016).

The beneficial effects of olives and olive oil in health can be at-
tributed to the antioxidant properties associated to the phenolic com-
position (Ghanbari et al., 2012; Silva et al., 2006; Sousa et al., 2014a).
Phenolic compounds in olives comprise 1–3% of the fresh pulp weight,
standing out the phenolic acids, phenolic alcohols, flavonoids, and the
secoiridoids, which include the predominant phenolic compound found
in fresh olive, oleuropein (Charoenprasert and Mitchell, 2012; Silva
et al., 2006). In extra virgin olive oil, the concentration of phenols
varies from 50 to 800mg kg−1 oil (Charoenprasert and Mitchell, 2012).
Reactive oxygen species (ROS), formed as a result of oxidative stress,
are known to be responsible for the development of some diseases,
targeting lipids, proteins and deoxyribonucleic acid (DNA) in living
organisms (Ghanbari et al., 2012). Phenolic compounds in olives can
restrict the deleterious effects of ROS, either by their free radical
scavenging ability (by donating a hydrogen atom to the ROS, reducing
and stabilizing it), or by chelating transition metals, suppressing the
oxidative reaction in which them are involved (Charoenprasert and
Mitchell, 2012). These phytochemicals also affect the sensorial and
aromatic characteristics of both olive fruits and oil and the chemical
stability of olive oil (Ghanbari et al., 2012; Servili et al., 2009). How-
ever, the composition and concentration of phenolic compounds is the
result of a complex interaction of various pre-harvest factors, such as
cultivars, environmental conditions, ripening stage and agronomic
practices (Barros et al., 2013; Brahmi et al., 2013; Damak et al., 2008;
Dinis et al., 2016; Ghanbari et al., 2012; Gómez-Rico et al., 2006; Jemai
et al., 2009; Kazemi, 2013; Machado et al., 2013; Silva et al., 2006;
Soufi et al., 2014; Sousa et al., 2014a, 2015; Sousa et al., 2014b;
Talhaoui et al., 2015, 2016; Vinha et al., 2005).

We hypothesized that foliar sprays KL and SA might improve the
olive trees yield without substantial changes in olives and olive oil
quality. Hence, the aim of this work was to assess the influence of KL
and SA in yield and in olive fruits and oil phenolics concentration and
antioxidant capacity, as well in oil quality indices. The effects of harvest
date and differences among years on those variables were also con-
sidered.

2. Material and methods

2.1. Field trial and sampling

The experiment took place in Bragança, Portugal, at Pinheiro Manso
farm (41° 48´ N, 6° 44′ W), during two consecutive growing seasons
(2015 and 2016), on a 5-years-old rainfed olive orchard (cv.
“Cobrançosa”) planted at 7× 6m. The climate is of Mediterranean type
with some Atlantic influence. Under the Koppen-Geiger climate classi-
fication, Bragança had a warm and temperate climate with dry and
warm summer (Csb) and rainy winters (IPMA, 2017). The average air
temperature and monthly precipitation recorded during the experi-
mental period are shown in Fig. 1. Selected physico-chemical char-
acteristics of the olive grove soil (0–20 cm depth) at the beginning of
the experiment are presented in Table 1. After drying (40 °C) and
sieving (2mm mesh), soil samples were subjected to several analytical
determinations: 1) clay, silt and sand, by the Robinson pipette method;
2) pH (H2O, KCl); 3) organic carbon (C), determined by the Walkley-
Black method (easily oxidizable C), and by incineration (total organic
C); 4) extractable B by the hot water extraction method and determined
by azometine-H colorimetric procedure; 5) extractable P and K, by
using ammonium lactate solution at pH 3.7; 6) exchangeable bases
(Ca2+, Mg2+, K+ and Na+), determined by ammonium acetate, pH 7.0;
and 7) exchangeable acidity extracted by 1M KCl. Methods 1–3 and 6-7
are fully described in Van Reeuwijk (2002), 4 in Keren, 1996 and 5 in

Houba et al. (1997).
The experiment comprises three treatments: control (C) trees,

sprayed with distilled water; kaolin (KL) trees, sprayed with an aqueous
solution of kaolin (Surround® WP, Engelhard Corporation, Iselin, NJ),
at the manufacturer recommended dosage 5% (w/v); and salicylic acid
(SA) trees, sprayed with an aqueous solution of 100 μM SA, selected
based on results of preliminary research. The treatments were made in
the absence of wind in the morning of 30th June 2015 and 23th June
2016. A second application in the same days was done for KL trees, in
order to ensure the adhesion uniformity of kaolin clay particles. The
kaolin treatment was repeated in 27th August 2016 after a heavy rain
event. All spray applications were supplemented with 0.1% (v/v)
Tween 20 and conducted according to good efficacy practice standard
operating procedures adjusted for agricultural experiments. Each
treatment included three replicates, completely randomized, with three
trees of similar canopy size per plot. Each treatment was separated by a
buffer line of trees and all trees were managed without irrigation and
cared with the same fertilization, pruning, weed control and pest
management practices, as applied by local commercial farmers.

Olive fruits were handpicked from the selected olive trees. In 2015
two harvests were performed in order to evaluate the maturation index
and the evolution of the chemical composition of fruits, from an earlier
harvest (9th November) (H1 2015) to the traditional harvest for olive
oil extraction at the study site (30th November) (H2 2015). In 2016
only the last sampling (9th December) (H1 2016) was performed.
Additionally, in both years, the overall production per tree was eval-
uated. In the H2 2015 and H1 2016 were also collected fruits for olive
oil extraction.

2.2. Maturation index

The maturation index (MI) was determined according to the method
proposed by Hermoso et al. (1991) and varied between 0 and 7. Olive
fruits were classified into the following categories: 0 – olives with in-
tense green epidermis; 1 – olives with yellowish green epidermis; 2 –
olives with red spots or areas in less than half of the fruit; 3 – olives with
red or light violet epidermis over more than half of the fruit; 4 – olives
with black epidermis and totally white pulp; 5 – olives with black
epidermis and less than half purple pulp; 6 – olives with black epi-
dermis and more than half purple pulp; 7 – olives with black epidermis
and totally purple pulp. With a to h being the number of fruits in each
category, the MI was calculated as follows:

MI=
(a×0+ b×1+ c×2+ d×3+ e×4+ f×5+ g×6+h×7)/
100 (1)

2.3. Olive oil extraction

Olive oil extraction was extracted within 24 h of the olive harvest. A
bench hammer mill that reproduces industrial oil extraction was used
for the extraction of olive oil from two kg of healthy fruits, without any
kind of infection or physical damage. Then, the paste was slowly ma-
laxed at about 25 °C for 40min, centrifuged in a two-phase decanter at
3500 × for 10min, and the oil collected was placed in dark glass
bottles and kept at 4 °C for latter analysis.

2.4. Extraction of polyphenolic compounds from olive fruits and olive oil

The fruits and olive oil extraction was adapted from a procedure
described by Sousa et al. (2014b). Freeze-dried olive pulp (300mg) was
grind and homogenized with 6ml of MeOH/H2O (70:30, v/v) for
30min at room temperature. Then, the samples were centrifuged at
2800g for 10min and the supernatant was removed and reserved in a
flask after filtration. This procedure was repeated three times. To
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remove the fat phase, the mixture was washed tree times with 6mL of
hexane and the organic phase was discarded. Extractions were per-
formed in triplicate. Each extract was introduced into a 25mL round
bottom flask, which was filled up to the mark with MeOH/H2O (70:30,
v/v).

Four mL of olive oil was weighed in a tube and followed by the
addition of 2.5mL of hexane and 2.5mL of MeOH/H2O (70:30, v/v).
Then, the samples were centrifuged for 10min at 2800g. The lower
phase was carefully removed and reserved in a flask. This procedure
was repeated three times. Extractions were performed in triplicate.
Each extract was introduced into a 5mL round bottom flask, which was
filled up to the mark with MeOH/H2O (70:30, v/v).

2.5. Quantification of phenolic compounds

2.5.1. Total phenolic compounds
The concentration of total phenolic compounds (TP) in methanolic

extracts was determined using a Folin–Ciocalteu reagent according to
the described by Barros et al. (2013) with some adaptations to micro-
plates, using gallic acid as standard. This method is based on the re-
duction of a phosphowolframate–phosphomolybdate complex by phe-
nolics to blue reaction products. To 20 μL of properly diluted
methanolic extracts was added 100 μL of the Folin–Ciocalteu reagent
and 80 μl of 7.5% sodium carbonate solution. After 30min of incuba-
tion at 40–45 °C the absorbance of both standard and samples, was
measured at 750 nm. All measurements were performed in triplicate.
The results were expressed as milligrams of gallic acid equivalents per
gram of olive flesh (dry weight) (mg GAE g−1) or kilogram of olive oil
(mg GAE kg−1).

2.5.2. Flavonoids
The concentration of flavonoids (Fl) was determined following the

method proposed by Zhishen et al. (1999) with adaptations to micro-
plates, using catechin as a standard. To 24 μL of properly diluted me-
thanolic extracts was added 28 μL NaNO2 5%. After 5min in the dark,
was added 28 μL of AlCl3 10% and after 6min in the dark, 120 μL of 1M
NaOH was added. The mixture was shaken and the absorbance of the
standard and samples was measured at 510 nm. All measurements were
performed in triplicate. The results were expressed as milligrams of
catechin equivalents per gram of olive flesh (dry weight) (mg CE g−1)
or kilogram of olive oil (mg CE kg−1).

2.5.3. Ortho-diphenols
The concentration of ortho-diphenols (o-DP) was determined fol-

lowing the method proposed by Mateos et al. (2001) with adaptations
to microplates, using gallic acid as a standard. To 160 μL of properly
diluted methanolic extracts was added 40 μL of sodium molybdate 5%
(w/v) in 50% methanol. After 15min of incubation at room tempera-
ture the absorbance of the standard and samples was measured at
375 nm. All measurements were performed in triplicate. The results
were expressed as milligrams of gallic acid equivalents per gram of
olive flesh (dry weight) (mg GAE g−1) or kilogram of olive oil (mg GAE
kg−1).

2.6. Quantification of the antioxidant capacity

2.6.1. ABTS%+ radical scavenging assay
The radical-scavenging activity determined by the 2,2-azino-bis(3-

ethylbenzothiazoline)-6 sulphonic acid (ABTS) radical cation decolor-
ization assay was based on a method described by Ozgen et al. (2006)
and Barros et al. (2011) with adaptations to microplates, using trolox as
a standard. ABTS+ radical was prepared by mixing an ABTS stock so-
lution (7mM in water) with 2.45mM potassium persulfate. This mix-
ture was allowed to stand for 12–16 h at room temperature in the dark
until reaching a stable oxidative state. The ABTS solution was diluted
with 20mM sodium acetate buffer (pH 4.5) to an absorbance of
0.70 ± 0.02 at 734 nm. To a 12 μl of properly diluted methanolic ex-
tracts was added 188 μL of ABTS+ solution. After 30min of incubation
in dark at room temperature the absorbance of the standard and sam-
ples was measured at 734 nm. All measurements were performed in
triplicate. The antioxidant activity of the extract was calculated as
Trolox Equivalent Antioxidant Capacity (TEAC) and was expressed as
mmol of Trolox equivalents per kg of olive flesh (dry weight) and oil
(mmol TEAC kg−1). A standard curve of the percentage of ABTS+ in-
hibition in function of Trolox concentration was used for the calcula-
tions.

2.6.2. DPPH radical scavenging assay
DPPH% radical scavenging assay was carried out as previously

Fig. 1. Climatic conditions (rainfall and average temperature) during the experimental period in 2015 and 2016. By order, the letters mean the months of the year
monitored: June (J), July (J), August (A), September (S), October (O), November (N) and December (D).

Table 1
Selected properties of the soil used in the field experiment sampled shortly
before the trial started at a depth of 0–20 cm.

Soil properties Soil properties

Clay (%) 14.5 Extractable P (mg P2O5 kg−1)d 87.9
Silt (%) 27.7 Extractable K (mg K2O kg−1)d 102.0
Sand (%) 57.8 Exchangeable basese

pHH2O 5.8 Ca (cmolc kg−1) 7.2
pHKCl 4.6 Mg (cmolc kg−1) 2.2
Oxidizable C (g kg−1)a 8.5 K (cmolc kg−1) 0.2
Total organic C (g kg−1)b 25.6 Na (cmolc kg−1) 0.4
Extractable B (mg kg−1)c 0.5 Exchangeable acidity (cmolc kg−1) 0.5

a Walkley-Black.
b Incineration.
c Azomethine H.
d Ammonium-lactate.
e Ammonium-acetate, pH 7.
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reported by Domínguez-Perles et al. (2014) with some modifications,
using trolox as a standard. For this assay, it was prepared a solution of
8.87mM of DPPH and diluted in methanol/H2O (70:30, v/v) to achieve
an absorbance closer to 1.000 at 520 nm. To 10 μL of properly diluted
methanolic extracts was added 190 μL of DPPH solution. After 30min of
incubation in dark at room temperature the absorbance of the standard
and samples was measured at 520 nm. All measurements were per-
formed in triplicate. The antioxidant activity of the extract was calcu-
lated as Trolox Equivalent Antioxidant Capacity (TEAC) and was ex-
pressed as mmol of Trolox equivalents per kg of olive flesh (dry weight)
and oil (mmol TEAC kg−1). A standard curve of the percentage of
DPPH+ inhibition in function of Trolox concentration was used for the
calculations

2.6.3. Ferric reducing antioxidant power
The ferric reducing antioxidant power (FRAP) was performed ac-

cording to Bolanos de la Torre et al. (2015) with minor alterations,
using trolox as a standard. The FRAP working solution was prepared
daily by mixing 10 volumes of acetate buffer (300mM, pH 3.6) with 1
volume of 2, 4, 6-tris(2-pyridyl)-S-triazine (TPTZ) (10mM dissolved
with 40mM HCl) and 1 volume of ferric chloride (FeCl3) (20mM in
water). The solution was warmed at 37 °C for 10min before use. To
20 μl of properly diluted methanolic extracts was added 280 μL of FRAP
working solution. After 30min of incubation in dark at 37 °C the ab-
sorbance of the standard and samples was measured at 593 nm. All
measurements were performed in triplicate. The antioxidant activity of
the extract was calculated as Trolox Equivalent Antioxidant Capacity
(TEAC) and was expressed as mmol of Trolox equivalents per kg of olive
flesh (dry weight) and oil (mmol TEAC kg−1). A standard curve of the
reading absorbance in function of Trolox concentration was used for the
calculations.

2.7. Determination of oil quality parameters

The oil quality parameters were determined according to the
European Community regulation EEC/2568/91(Regulation, 1991).
Free acidity (FA) measures the hydrolytic breakdown of triglycerides to
mono and di-glycerides, leading to fatty acid liberation. This variable is
an indicator of the olives quality, the procedures of harvesting, hand-
ling, transportation and storage prior to olive milling (Khaleghi et al.,
2015). FA was expressed as % oleic acid per 100 g oil. Peroxide value
(PV) is a measure of the active oxygen bound by the oil, which reflects
the hydroxyperoxide value (Khaleghi et al., 2015). PV was expressed as
mgEqO2 kg−1 oil. The ultraviolet spectrophotometric analysis gives
indications about the oxidation stage of the olive oil. The extinctions at
specified wavelengths, 232 nm (K232) and 270 nm (K270), are related
with the formation of conjugated diene and triene compounds, re-
spectively, due to oxidation (Khaleghi et al., 2015). ΔK is the variation
of the specific extinction.

2.8. Statistical analysis

All statistical calculations were performed using the statistical
software program SPSS for Windows (v. 22). After testing for ANOVA
assumptions (homogeneity of variances with the Levene's mean test,
and normality with the Kolmogorov-Smirnov test), statistical differ-
ences were evaluated by one-way analysis of variance (ANOVA)., fol-
lowed by the post hoc Tukey’s test (p values < 0.05). * - significant at
p < 0.05; ** - significant at p < 0.01; *** - significant at p < 0.001;
n.s. – not significant at p > 0.05. The relationship between the con-
centration of phenolic compounds and the antioxidant activity in olive
fruits and oil was analyzed by the Pearson correlation test and sig-
nificance was set at p < 0.05.

3. Results

3.1. Yield and ripening degree of fruits

Fig. 2 shows that both applied substances increased the yield of
young olive trees. In 2015, KL-treated trees presented higher increases
(171%) in olive yield than in the SA-treated trees (65%). In 2016, both
products presented similar performance, averaging 78% and 73% for
KL and SA treatments, respectively, which resulted in cumulative in-
creases in the two harvests of 97% and 72%. Both SA and KL treatments
and harvest date influenced the MI of the fruits (Table 2). The tendency
is constant in the three harvest dates, being the maturation stage
slightly delayed by the application of SA and KL, namely in the 2016
season.

3.2. Phenolic compounds and antioxidant capacity of olive fruits

The content of phenolic compounds, namely TP, o-DP and Fl and
antioxidant capacity responded differently to the harvest date during
the 2015 season (Table 3). While the fruits from KL and SA-treated trees
exhibited a decrease in both TP and Fl over the fruit ripening, the fruits
from C plants exhibited increases of 8.8% and 23.7% in TP and Fl, re-
spectively. By another side, the concentration of o-DP decreased in all
treatments, but with higher depletion in KL fruits (22.5%). The anti-
oxidant capacity based on ABTS and DPPH assays followed a similar
trend to TP and Fl (Table 3).

During the first harvest of 2015, both substances contributed to
increase the levels of all phenolic compounds in fruits, with the order
C < SA < KL for TP, C≤ SA≤ KL for o-DP and C < SA and KL for Fl
(Table 3). However, the higher decline in SA and KL fruits during ri-
pening attenuate the differences in the second harvest, where only the
concentrations of TP were still influenced by the treatments, being
higher in KL fruits (Table 3). Relatively to 2015, in 2016 was noticed an
increase in phenolics accumulation in all the analyzed treatments,
highlighting the C fruits (Table 3). However, in 2016 harvest the re-
sponse to the treatments was quite different from 2015. Both KL and SA
treatments lead to a lower accumulation of TP and o-DP, while the Fl
concentration was not affected (Table 3).

Fig. 2. Influence of control (C), salicylic acid (SA) and kaolin (KL) treatments
on yield in the two years of experiment (the values mean relative change
against the minimum value, set out 100%) (n= 9).

Table 2
Influence of control (C), salicylic acid (SA) and kaolin (KL) treatments, on
maturation index of olives harvested in 2015 (November 9th (H1 2015) and
30th (H2 2015)) and in 2016 (December 9th (H1 2016)).

Date C SA KL

Maturation Index H1 2015 3.12 3.04 2.95
H2 2015 3.45 3.39 3.22
H1 2016 3.90 3.36 3.26
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In general terms, the antioxidant capacity of fruits from C trees was
negatively affected in 2015, while it increases largely in 2016 (Table 3),
following a similar trend of phenolic compounds. On the first harvest of
2015, the antioxidant capacity based on DPPH followed the order
C < SA and KL (Table 3). By using the ABTS assay, the order was si-
milar, C < SA < KL (Table 3). On the second harvest of 2015, the
statistical differences recorded for DPPH assay was annulated and by
using the ABTS assay the KL still stood out (C and SA < KL, Table 3). In
2016, the antioxidant capacity response to the applied treatments was
also influenced by the method in test, but with a different trend from
the previous year (Table 3). While with the DPPH assay the order was
KL < C and SA, by using ABTS assay no differences were recorded
(Table 3). The analysis of FRAP assay was also different with the order
KL and SA < C (Table 3).

3.3. Phenolic compounds and antioxidant capacity of olive oil

The concentration of phenolic compounds in olive oil presented
different patterns among years (Table 4). In 2015, the concentration of
all quantified phenolics followed the order C < KL < SA (Table 4). On
the other hand, the trend of phenolic compounds concentrations in
2016 was different, following the order SA and KL < C for TP and Fl
and KL < SA < C for o-DP (Table 4). Moreover, the increase in phe-
nolics noticed in fruits, from 2015 to 2016 (Table 3), was more evident
in the olive oil, as well the huge increase in the C group (Table 4).

Following a similar trend of phenolic compounds concentrations,
the olive oil analysis revealed a positive influence of KL and SA on the
antioxidant capacity based on the antiradical activity in 2015, with the
order C < SA and KL for DPPH assay and C < KL < SA for ABTS
assay (Table 4). Following the fruit tendency, in 2016 the C group ex-
hibited higher antioxidant capacity, with the order SA and KL < C for
DPPH and ABTS assays and KL < SA < C for FRAP assay (Table 4).

3.4. Correlation analysis

As presented in Table 5, in general terms the antioxidant capacity
was significantly positive correlated with the phenolic concentrations,
showing that phenols have a high association with the antioxidant ca-
pacity of olives and olive oil. In fruits, TP showed a significant positive
correlation with all the antioxidant capacity methods tested, being this
relationship strong for DPPH and very strong for both ABTS and FRAP
methods, while Fl showed a very strong correlation with DPPH and
ABTS methods and o-DP with FRAP method. In opposite to the fruits, in
olive oil the correlation between the phenolic compounds and the an-
tioxidant capacity methods was persistently very strong (Table 5).

3.5. Olive oil quality parameters

The oil quality indices FA, PV, K232 and ΔK were not affected by the
applied treatments, whereas the K270 coefficient was reduced by both
SA and KL application (Table 6).

4. Discussion

4.1. Yield and ripening degree of fruits

The increase in yield promoted by KL and SA agrees with previous
studies in different plant species (Abd El-Razek et al., 2013;
Chamchaiyaporn et al., 2013; Correia et al., 2014; El-Shazly et al.,
2013; Glenn et al., 2003; Jamali et al., 2011; Kazemi, 2013; Khalil et al.,

Table 3
Influence of control (C), salicylic acid (SA) and kaolin (KL) treatments, on olive
pulp chemical parameters: total phenols, ortho-diphenols and flavonoids con-
tent and antioxidant capacity (AC) based on DPPH, ABTS and FRAP assays.
Olives were harvested in 2015 on November 9th (H1 2015) and 30th (H2 2015)
and in 2016 on December 9th (H1 2016). Means (n=9) followed by the same
letter within the same harvest season are not significantly different at
P < 0.05.

Date C SA KL Sig.

Total Phenols (mg GAE g−1) H1 2015 27.6c 32.7b 36.3a ***

H2 2015 29.6b 29.3b 31.7a **

Sig. * ** ***

H1 2016 41.2a 38.4b 39.0b ***

ortho-diphenols (mg GAE g−1) H1 2015 40.5b 43.1ab 43.9a *

H2 2015 34.9 35.6 34.0 n.s.
Sig. *** *** ***

H1 2016 40.8a 38.0b 38.5b ***

Flavonoids (mg CE g−1) H1 2015 26.9b 42.7a 43.4a ***

H2 2015 33.3 32.1 32.8 n.s.
Sig. *** *** ***

H1 2016 47.4 49.4 48.5 n.s.

C- DPPH (mmol Trolox kg−1) H1 2015 81.7b 123.8a 131.7a ***

H2 2015 110.0 105.2 107.9 n.s.
Sig. *** ** ***

H1 2016 130.6a 130.5a 121.8b **

AC – ABTS (mmol Trolox kg−1) H1 2015 141.6c 176.2b 207.7a ***

H2 2015 174.5b 170.6b 190.1a **

Sig. *** n.s. **

H1 2016 319.0 311.2 320.3 n.s.

AC – FRAP (mmol Trolox kg−1) H1 2016 214.3a 190.2b 185.1b ***

*-significant at p < 0.05; **- significant at p < 0.01; ***- significant at
p < 0.001; n.s. – not significant at p > 0.05.

Table 4
Influence of control (C), salicylic acid (SA) and kaolin (KL) treatments, on olive
oil chemical parameters: total phenols, ortho-diphenols and flavonoids content
and antioxidant capacity (AC) based on DPPH, ABTS and FRAP assays.Means
(n= 9) followed by the same letter within the same harvest season are not
significantly different at P < 0.05.

Date C SA KL Sig.

Total Phenols (mg GAE kg−1) 2015 84.0c 123.0a 113.1b ***

2016 555.6a 428.5b 412.1b ***

ortho-diphenols (mg GAE kg−1) 2015 63.5c 72.0a 66.6b ***

2016 195.1a 152.4b 136.8c ***

Flavonoids (mg CE kg−1) 2015 74.7c 116.0a 92.7b ***

2016 557.3a 401.9b 398.5b ***

AC – DPPH (mmol Trolox kg−1) 2015 0.212b 0.301a 0.295a ***

2016 1.23a 0.910b 0.827b ***

AC – ABTS (mmol Trolox kg−1) 2015 0.367c 0.451a 0.395b ***

2016 2.50a 2.24b 2.14b ***

AC – FRAP (mmol Trolox kg−1) 2016 2.17a 1.47b 1.35c ***

*** significant at p < 0.001.

Table 5
Pearson correlation coefficients established between the antioxidant capacity
and phenolics content.

TP (F) Fl (F) o-DP (F) TP (O) Fl (O) o-DP (O)

DPPH (F) 0.788*** 0.858*** 0.272
ABTS (F) 0.923*** 0.863*** 0.109
FRAP (F) 0.923*** −0.246 0.947***

DPPH (O) 0.994*** 0.994*** 0.992***

ABTS (O) 0.988*** 0.982*** 0.968***

FRAP (O) 0.969*** 0.973*** 0.970***

TP (F) and TP (O)= total phenols content in fruits and oil, respectively; Fl (F)
and Fl (O)= flavonoids content in fruits and oil, respectively; o-DP (F) and o-
DP (O)= ortho-diphenols content in fruits and oil, respectively; DPPH (F) and
DPPH (O) = antioxidant capacity based on DPPH assay in fruits and oil, re-
spectively; ABTS (F) and ABTS (O)= antioxidant capacity based on ABTS assay
in fruits and oil, respectively; FRAP (F) and FRAP (O)= antioxidant capacity
based on FRAP assay in fruits and oil, respectively. ***- significant at
p < 0.001.
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2012; Saour and Makee, 2003). Moreover, it is also important to notice
that albeit the significant differences in yield in the 1st year, namely in
KL-treated plants, the differences in olive yield in the 2nd year were
notorious, since this species suffers from the peculiar phenomenon of
alternate bearing, particularly under rainfed conditions, as in the pre-
sent study. In addition, the severe summer stress verified in 2016 also
contributed to limit potential crop yield in that year. Meanwhile, the
delay of maturation stage by the application of SA and KL was closely
associated with the higher fruit yield. Similar relationship between crop
load and fruit ripening was previously verified (Barone et al., 1994).

4.2. Influence of the harvest time on the phenolic compounds content and
antioxidant capacity of olive fruits

An overall decrease in phenolic compounds concentrations and in
antioxidant capacity of olive fruits during ripening is a common de-
scribed phenomenon (Barros et al., 2013; Brahmi et al., 2013; Damak
et al., 2008; Machado et al., 2013; Sousa et al., 2014a, 2015; Sousa
et al., 2014b; Talhaoui et al., 2015), due to chemical and enzymatic
reactions occurring during the ripening process (Ye et al., 2014). In the
present study, this decrease was highly notorious in o-DP contents
(Table 3). By other side, the increase in TP (8.8%) and Fl (23.7%)
concentrations noticed in C plants over the fruit ripening (Table 3) may
be justified by the appearance of other classes of phenolic compounds.
Oleuropein, an ortho-diphenolic compound, is the most abundant phe-
nolic during the green stage, but decreases sharply during the ma-
turation, while by other side the black maturation phase is character-
ized by the appearance of other compounds, such as flavonoids,
specially anthocyanins (Damak et al., 2008; Jemai et al., 2009;
Machado et al., 2013; Sousa et al., 2014a; Talhaoui et al., 2015). This
assumption is consistent with the discoveries of Barros et al. (2013)
since they found an overall increase of flavonoids concentration from
green to black stages in different olive cultivars, including “Co-
brançosa”.

4.3. Accumulation of phenolic compounds on fruits and olive oil in response
to the applied treatments

The different trend in phenolic compounds accumulation recorded
in 2015 and 2016 (Tables 3 and 4) may be justified by the distinctive
environmental conditions that include frost events before harvest in
2015 and severe summer stress in 2016. Stress conditions influence the
metabolism of phenolic compounds in fruits, mainly in two ways, which
are not mutually exclusive and that may even interact. First, due to the
reduction in net photosynthesis that may result in a decrease in car-
bohydrate supply to the fruits, the major source of precursors for the
biosynthesis of these phytochemicals; second, the stress conditions may
exacerbate the oxidative stress, promoting the biosynthesis of this
group of antioxidant compounds (Ripoll et al., 2014; Wang and Frei,
2011). To notice, phenolic compounds accumulate more, both in fruits
and olive oil, in 2016 than in 2015 harvest (Tables 3 and 4). As can be

seen in Fig. 1, during the fruit development, the accumulated pre-
cipitation was much higher in 2015 than in 2016, mainly in October
(123.6 mm), close to the harvest time. Moreover, 2015 had a less hot
summer. These data justify the higher accumulation of phenolic com-
pounds in 2016, in agreement with other studies, which reported that
stressful conditions increase the accumulation of phenolic compounds
in olive fruits (Gómez-Rico et al., 2006; Machado et al., 2013). On the
other side, in 2015 the plants were exposed to frost events before the
harvest, coinciding one of those events with the second harvest of 2015.
With temperatures below 0 °C occurs the freezing of extracellular water,
and the thermodynamic equilibrium is achieved either by cellular de-
hydration and continued extracellular ice formation, or by intracellular
ice formation. These effects seriously damage cell membranes, leading
to cell death and the oxidative degradation of cell contents, as phenolic
compounds, due to the contact between enzymes and their respective
substrates (Morelló et al., 2003). Indeed, it is known that frost events
can damage olive fruits and consequently the quality of the extracted
olive oil, including the decrease in pigments and phenolic compounds
concentrations (Houliston et al., 2007; Morelló et al., 2003; Morelló
et al., 2006). As the early frosts are very common in this region, it is
recommended to anticipate the harvest time, usually adopted by the
local farmers. Interestingly, Morelló et al. (2006) reported that in crop
seasons following the frost events, the concentration of phenolic com-
pounds increases significantly, associating this response to the fact that
the previously frost damaged olive trees were more sensitive to water
deficit during summer.

Regarding the differences among treatments, it is important to refer
that KL and SA ameliorate the olive photosynthetic rate during the fruit
development (unpublished results). In the first year, this response not
only contributed to higher crop yield, but also to a slight higher accu-
mulation of phenolic compounds in the fruits (Table 3). Moreover, the
plants sprayed with SA and KL were physiologically less damaged with
the frost events (unpublished results). However, as in 2016 the plants
face severest stress conditions during the summer period (Fig. 1), the
control plants, that were in worst physiological conditions (unpublished
results), increase the investment in these phytochemicals in order to
increase the free radical scavenging activity. Thus, these data demon-
strate the effectiveness of the applied substances in reducing the degree
of frost damage and in mitigating the extreme adverse conditions that
were felt in 2016, namely in summer.

The present study showed that a very low percentage of total phe-
nolic compounds were transferred from olive pulp to oil, being higher
in 2016 in a closely association with the prevailing climatic conditions
reported previously. Moreover, phenolic compounds changed qualita-
tively and quantitatively during the transfer, as in the study of Ye et al.
(2014), resulting in quite different phenolic composition of olive oil
compared to that of olive flesh. To explain the different trend in the
transference of phenolic compounds to oil between years and among
the applied treatments (Tables 3 and 4) different hypothesis were
raised: variations in pulp moisture (69.8% to 71.1% in 2015 and 60.5%
to 61.4% in 2016), since higher moisture affects negatively the transfer
of phenolics to the oil; changes in enzymes activities during the pressing
and malaxation steps; and/ or changes in the transference of specific
phenolics presented in olive stones, lignans, after whole olive fruits
crushing and malaxation (Oliveras López et al., 2008; Talhaoui et al.,
2016). Yet, the initial characteristics of the olive fruits, such as phenolic
composition, is probably the most important variable involved in the
quality of the final olive oil (Fregapane and Salvador, 2013). As stated
previously, the information about the influence of both SA and KL in
phenolic composition of fruits is scarce and sometimes not consensual.
Indeed, a global analysis of the literature previously cited and our re-
sults reveal that other factors, such as genotypes or environmental
conditions, may determine the influence of these mitigating agents in
fruits quality.

Table 6
Influence of control (C), salicylic acid (SA) and kaolin (KL) treatments on olive
oil quality indices (FA -Free Acidity; PV – Peroxide Value; K232 – specific ex-
tinction at wavelength 232; K270 – specific extinction at wavelength 270; ΔK –
Variation of the specific extinction). Means (n= 3) followed by the same letter
are not significantly different at P < 0.05.

Oil quality indices in 2016 C SA KL Sig.

FA (% oleic acid) 0.388 0.390 0.392 n.s.
PV (mgEq O2 kg−1 oil) 2.73 2.70 2.69 n.s.
K232 2.03 1.96 1.96 n.s.
K270 0.165a 0.151b 0.142b **

ΔK 0.0025 0.0032 0.0027 n.s.

** significant at p < 0.01; n.s. – not significant at p > 0.05.
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4.4. Antioxidant capacity of fruits and olive oil

The global antioxidant capacity of an extract reflects both the “an-
tiradical” and the “antioxidant” activity, that not necessarily coincide
(Tirzitis and Bartosz, 2010). The antiradical activity characterizes the
ability of compounds to react with free radicals (e. g. ABTS and DPPH
assays) and antioxidant activity represents the ability to inhibit the
process of oxidation (e. g. FRAP assay) (Moharram and Youssef, 2014;
Tirzitis and Bartosz, 2010). Therefore, to better understand the global
antioxidant capacity of olives and olive oil, methanolic extracts were
evaluated by three different assays to cover different mechanisms of the
antioxidant defense system: DPPH and ABTS%+ radicals scavenging
activity and FRAP. Indeed, according to the method tested the anti-
oxidant capacity presented a different behavior (Tables 3 and 4),
highlighting the importance of testing different methods. It is well es-
tablished the influence of phenolic compounds on the antioxidant ca-
pacity of olive fruits and oil (Brahmi et al., 2013; Gouvinhas et al.,
2014; Jemai et al., 2009; Sousa et al., 2014a; Tripoli et al., 2005).
Nevertheless, other compounds with antioxidant capacity are known to
be present in these products (Jemai et al., 2009; Sousa et al., 2014a),
which may contribute to some different trends detected between phe-
nols and the antioxidant capacity (Tables 3 and 4).

4.5. Correlation analysis

The correlation analysis suggest that the nature of phenolic com-
pounds determine its ability to reduce the ABTS%+ and DPPH radicals
and the ferric iron. Moreover, those data also suggest that in olive oil
the phenolic compounds are the most responsible for the antioxidant
capacity and that in fruits, the presence of other constituents in the
extracts could also have an important contribution to the antioxidant
capacity. For instance, Jemai et al. (2009) reported that the presence of
sugar alcohols, as mannitol, enhances the ability of the extract to act as
an antioxidant because it is known to be a quencher of ROS and sca-
venger of hydroxyl radicals. The correlation between the antioxidant
capacity and the level of phenolic compounds has been largely de-
scribed, but, in fact, it is very dependent on its structure, specially the
number and the position of hydroxyl substituents in the aromatic ring
(Boskou et al., 2006; Bouaziz et al., 2005; Gouvinhas et al., 2014; Rice-
Evans et al., 1996; Silva et al., 2006; Sousa et al., 2014a).

4.6. Influence of the applied treatments on oil quality parameters

Since the harvesting, transportation, storage and extraction process
were equal among the treatments, the similar values of olive oil FA
(Table 6) reflect the same quality of the olives (Khaleghi et al., 2015).
As far as we know, no study access previously the influence of SA ap-
plication in olive oil quality indices. Regarding KL application, our re-
sults corroborate the study of Saour and Makee (2003) whereas
Khaleghi et al. (2015) reported a reduction of FA with the application of
kaolin.

The higher PV means the greater degradation of the oil due to
oxidation (Khaleghi et al., 2015). The absence of KL effects in this index
contradicts the results of Saour and Makee (2003) and Khaleghi et al.
(2015), that showed a lower PV in olive oil from KL-treated trees.

The lower K270 absorption coefficient in oils from KL and SA
treatments (Table 6) indicates a fewer formation of secondary products
of oxidation in the oils from sprayed trees (Limón et al., 2015). A re-
duction in both K232 and K270 absorption coefficients with KL applica-
tion was already described in the literature (Khaleghi et al., 2015; Saour
and Makee, 2003). According to the European Community EEC/2568/
91 (Regulation, 1991) the evaluated indices of all the analyzed olive
oils fall within the ranges established for “extra virgin olive oil” cate-
gory. FA (0.388–0.392%) are below the limit of 0.8%, PV (2.693–2.733
mEq O2 Kg−1) are below the limit of 20 mEq O2 Kg−1 and the UV
spectrophotometric coefficients are also below the stablished limits, 2.5

for K232 (1.957–2.026), 0.22 for K270 (0.142–0.165) and 0.01 for ΔK
(0.0025-0.0032).

5. Conclusions

This study provided evidences that yield, phenolics compounds and
antioxidant capacity of olive fruits and olive oil are modulated by the
applied mitigating agents. Both SA and KL lead to an increase in olive
yield. However, it is hard to conclude their influence on the phenolic
composition and antioxidant capacity, since the climatic conditions
determine different responses by the plants. The lower concentration of
phenolic compounds under higher maturation index was accelerated by
KL and SA. In general, both stress mitigating agents increased the
concentration of phenolic compounds and antioxidant capacity in both
fruits and oil on the first year, but decreased their levels on the second
year, in a closely association with the prevailing climatic conditions.
The quality indices of olive oils set by the European Community EEC/
2568/91(Regulation, 1991) were not negatively affected by KL and SA.
On the contrary, oils from KL and SA treatments presented lower for-
mation of secondary products oxidation. Both KL and SA compounds
were effective in reducing the degree of frost damage and in mitigating
the adverse summer conditions, typical of Mediterranean olive growing
areas.
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