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SUMMARY: In the present work, we compared the phenol content and composition of fruit from the ‘Arbequina’ cultivar in four Medi-
terranean (in Andalucia, Southern Iberian Peninsula) and two Sub-Tropical (Canary Islands) locations throughout the harvest period. Two
Mediterranean and two Sub-Tropical locations were maintained with drip irrigation, while the remaining two Mediterranean locations
were in dry farming. Water availability and harvest date seemed to play more important roles than air temperature on the phenolic content
and most of the studied components. The variability associated with location was a result of the high values observed in the two Medi-
terranean locations in dry farming, with respect to the other four maintained with drip irrigation. Few differences were found among the
four drip-irrigated locations, despite the fact that two were Mediterranean and the other two Sub-Tropical. In addition, a sharp decrease
was observed during the harvest period for phenolic content and most of the phenolic compounds.
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RESUMEN: Variabilidad fendlica del fruto en el cultivo de olivo ‘Arbequina’ en condiciones climdticas mediterraneas y subtropi-
cales. En el presente trabajo se compara la variabilidad del contenido y composicion en fenoles de la variedad de olivo ‘Arbequina’ en
cuatro localidades con clima Mediterraneo y dos con clima Sub-Tropical. Dos de las localidades mediterraneas y las dos Sub-Tropicales
contaban con riego por goteo, mientras que las dos mediterraneas restantes estaban en secano. La disponibilidad de agua y momento de
recoleccion parece ser un factor mas importante que la temperatura del aire en el contenido y composicion de fenoles del fruto. La mayor
parte de la variabilidad asociada a la localidad estuvo causada por los altos valores encontrados en las dos localidades mediterraneas
en secano, respecto a las otras cuatro localidades en regadio. Solo pequefias diferencias se encontraron entre las cuatro localidades en
regadio, a pesar de que dos eran mediterraneas y las otras dos sub-tropicales. Ademas, un descenso acusado del contenido de la mayoria
de los fenoles analizados se ha observado conforme avanzaba la fecha de recoleccion.
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1. INTRODUCTION

Olive oil is one of the main components of the Medi-
terranean diet due to its nutraceutical properties (Piroddi
et al., 2017). Among olive oil constituents, phenols play
a very important role in its healthy properties (Serreli and
Deiana, 2019). For example, olive phenols reduce chronic
inflammation and help in the prevention of some diseases,
such as Alzheimer’s (Omar ef al., 2017) or different types
of cancer (Piroddi ef al., 2017).

The phenolic composition of olive oil depends, main-
ly on the phenolic composition of the fruit upon arriving
to the mill factory, which is then modified by enzymatic
processes occurring during oil extraction (Luki¢ et al.,
2017). This initial fruit phenolic composition could be af-
fected by many factors including genotype, harvest date,
tree environmental conditions and management practices
(Servili and Montedoro, 2002).

The wide olive germplasm has shown a high genetic
variability for both phenolic content and composition in
the evaluation of cultivar collections (Miho et al., 2018),
breeding progenies (Pérez et al., 2014) and comparative
trials (Pérez et al., 2018; El Riachy et al., 2013).

Several studies have also attempted to evaluate the
phenolic variability of single cultivars in different envi-
ronments of their country of origin, such as ‘Gemlik’ (Ben
Ghorbal et al., 2018) in Turkey, ‘Picholine Marrocaine’ in
Morocco (Bajoub et al., 2015), ‘Chemlali’ (Bouaziz et al.,
2004) in Tunis and ‘Baladi’ in Lebanon (El Riachy et al.,
2018). Among the environmental variables, phenol com-
position is mainly influenced by both abiotic and biotic
stresses. Among the first ones, water stress has been re-
ported as one of the main factors influencing phenol con-
tent and composition (Dabbou et al., 2015; Gémez-Rico
et al., 2006; Gucci et al.,, 2019). In general, an increase
in water stress implies an increase in phenolic content in
olive oil (Garcia et al., 2020). However, some individual
phenols, such as lignans, might show the opposite pattern
(Ovar et al., 2002). Biotic stresses such as olive fruit fly
(Medjkouh et al., 2018) and Verticillium Wilt (Landa et
al., 2019) can also increase oil phenolic content and com-
position.

The total phenolic content and composition normally
decreases during the harvest season, as shown for differ-
ent olive cultivars (Alowaiesh ef al,, 2018; Bengana et
al., 2013; Bodoira et al., 2015; Dag et al., 2011). This
includes ‘Arbequina’, the most widely planted cultivar in
the world (Fernandez-Escobar et al., 2013), whose phe-
nolic content has been evaluated in olive oil (Abenoza et
al., 2015; Morell6 et al., 2004) and fruit (Talhaoui et al.,
2015) through maturation in single locations in Spain. On
the contrary, some phenols such as lignans and flavones
have been reported to increase in oil through maturation
(Bengana et al., 2013) as well as verbascoside (Bodoira

et al., 2015) and hydroxytyrosol (Bouaziz et al., 2004)
in fruits. In other cases, irregular patterns of variation in
fruit phenols through maturation have been reported (Ben
Ghorbal et al., 2018).

All the mentioned works on olive fruit phenols have
been performed in Mediterranean climatic conditions.
Few reports exist on olive phenols in other climates as
is the case of Argentina (Bodoira et al., 2015). However,
olive growing is currently expanding worldwide, in many
cases outside the Mediterranean climate. Besides, this ex-
pansion is mainly based on few cultivars specially adapt-
ed to the new trends of olive growing (Fernandez-Escobar
etal., 2013), with ‘Arbequina’ being the clearest example.
Therefore, it would be of great interest to compare the
influence of very different climate conditions (Mediterra-
nean vs. non-Mediterranean) on variation in an important
component of olive oil such as phenolic compounds.

In this sense, Tenerife, in the Canary Islands, is one of
the non-Mediterranean locations where olives now have
some importance (Medina et al., 2018). Its Sub-Tropical
climate might be of interest as a natural scenario with cli-
matic conditions similar to those of the typical Mediter-
ranean olive growing area in the likely event of a climate
warming (Medina et al., 2020).

In the present work, we compared the variation in
phenolic content and components of ‘Arbequina’ fruits
through maturation in typical Mediterranean locations
from Andalusia in Sothern Iberian Peninsula, with others
from the Sub-Tropical climatic conditions in Tenerife, Ca-
nary Islands. That comparison was used to compare the
test of location, harvest date and their interaction on phe-
nolic content and composition.

2. MATERIALS AND METHODS
2.1. Study sites and plant material

The trees of ‘Arbequina’ olive cultivar were sam-
pled in four locations of Andalusia, Southern Iberian
Peninsula from typical olive growing areas and Medi-
terranean climate: Antequera (37.17N, -4.64W), Baena
(37.60N, -4.23W), La Rambla (37.62N, -4.82W) and
Ubeda (37.89N, 3.24W); and two locations in Tenerife,
Canary Islands, with Sub-Tropical climate: Los Tomillos
(28.13N-16.49W) and El Viso (28.30N, -16,37W, Figure
1). The Mediterranean climate is characterized by colder
winters and hotter summers than the Sub-Tropical one,
which also has a low intraday temperature range. Ante-
quera and Baena are managed in dry farming while the
other four with drip irrigation (year amount of irrigation:
La Rambla 250 mm, Ubeda 150 mm, Los Tomillos 372
mm and El Viso 312 mm). In the four Andalusia loca-
tions, trees were planted in 2008 at 7 x 6 m distance in a
clay-loam soils. In the two Tenerife locations, trees were
planted in 2010 at 5 x 5 m distance in a sandy-loam soil.
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FiGUrE 1.- Geografical location of the different tested orchards

Fertilization was applied on the basis of foliar analysis in
order to avoid any limitations on growth and yield.

Four sets of three trees per location with similar fruit
load (2-3 in a 0-3 visual scale) were sampled on three
dates of the olive maturation period in 2017. In the case
of Andalusian locations, sampling was performed in
mid-September (harvest 1), mid-October (harvest 2) and
mid-November (harvest 3). In the case of Tenerife, as the
oil accumulation occurs earlier (Figure 2), harvest dates
were mid-August (harvest 1), mid-September (harvest 2)
and mid-October (harvest 3).

In each harvest date, a sample of 1 kg fruit was ran-
domly hand-picked for each set of trees and location (4
sets X 3 harvest dates x 6 locations) to evaluate phenolic
content and composition as well as fruit traits.

2.2. Phenols analysis

Reagents for extraction and other measurements were
supplied by Sigma-Aldrich (St. Louis, MO). Phenolic
standards were purchased from Extrasynthese (Genay,
France).

Fruit phenolic compounds were extracted from each
sample according to a previously developed protocol
(Garcia-Rodriguez et al., 2011). Longitudinal pieces of
mesocarp were cut at least from twenty olives.

For each sample, fruits were finely chopped and used
to prepare phenolic extracts. Representative fruits samples
(1 g) were kept at 4 °C for 72 h in dimethyl sulphoxide
(DMSO, 6 mL) containing siringic acid as internal stan-

dard. The extracts were filtered through a 0.45 pm mesh
nylon and kept at -20 °C until HPLC analysis.

The phenolic extracts were analyzed by HPLC on
a Beckman Coulter liquid chromatography system
equipped with a System Gold 168 detector, solvent mod-
ule 126, autosampler module 508 and a Waters column
heater module following a previously described method-
ology (Pérez et al., 2014). A Superspher RP 18 column
(4.6 mm i.d. x 250 mm, particle size 4 um: Dr Maisch
GmbH, Germany) at a flow rate of 1 mL/ min and a tem-
perature of 35 °C was used for all the analyses. A total of
9 phenolic compounds were quantified in the phenolic ex-
tracts: hydroxytyrosol-4-glucoside, tyrosol-1-glucoside,
demethyloleuropein, verbascoside, luteolin-7-glucoside,
rutin, oleuropein, comselogoside, and ligustroside.

Phenolic compounds were monitored at two different
wavelengths of 280 nm and 335 nm and quantified taking
into account the internal standard and specific response
factors for each of them (Garcia-Rodriguez et al., 2011).

The tentative identification of compounds by their UV-
vis spectra was confirmed by HPLC/ESI-qTOF-HRMS.
The liquid chromatography system was Dionex Ultimate
3000 RS U-HPLC liquid chromatography system (Ther-
mo Fisher Scientific, Waltham, MA, USA) equipped with
a similar Superspher RP 18 column but with 3 um particle
size. Formic acid 1% was used instead of phosphoric acid
0.5% for the mobile phase. A split post-column of 0.4 mL/
min was introduced directly onto the mass spectrometer
electrospray ion source. The HPLC/ESI-qTOF operated
for mass analysis using a micrOTOF-QII High Resolu-
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FIGURE 2. Average, maximum and minimum daily temperature (monthly average in °C) and monthly rainfall (mm/m?) of the six locations
considered. Temperature data were recorded hourly to make daily statistics

tion Time-of-Flight mass spectrometer (UHRTOF) with
qQ-TOF geometry (Bruker Daltonics, Bremen, Germany)
equipped with an electrospray ionization (ESI) interface.
Mass spectra were acquired in MS full scan mode and
data were processed using Target Analysis 1.2 software
(Bruker Daltonics, Bremen, Germany).

2.3. Fruit traits analysis

Ripening index was evaluated according to the procedure
described by (Frias et al., 1991). Afterwards, oil content was
measured in three random sub-samples of 25 g of each sam-
ple. Each sub-sample was oven dried at 105 °C for 42 h (Rio
and Romero, 1999) to ensure dehydration, and weighed to
measure the percentage of oil content in a NMR fat analyzer.

2.4. Statistics

Analysis of variance was performed to evaluate the rel-
ative influence of location, harvest date and their interac-
tion on the variability of phenolic content and composition.
Comparison of means (Tukey) was used to test differences
among locations, harvest dates and harvest dates-locations,

when significant. Previous works have shown that the wa-
ter availability is the main factor influencing phenol content
(Gucci et al., 2019). Therefore, in order to test the differ-
ences between the Mediterranean and Subtropical condi-
tions of Andalusia and Tenerife regions, a separate analysis
was performed with only the four irrigated locations (two
in Andalusia and two in Tenerife). Finally, a person corre-
lation was performed to test the correlations among phenol
constituents and with fruit traits.

3. RESULTS

The six locations involved in this work showed dif-
ferent climatic conditions during the experimental period,
mainly associated with the region level (Figure 2). The
two locations in Tenerife, Canary Islands, showed milder
temperatures both in summer and winter, with around 7 °C
range of average maximum-minimum temperatures. Tem-
peratures in Los Tomillos (located 200 m.a.s.1.) were 2-3 °C
higher than in El Viso (400 m.a.s.l.). Among the locations
in Andalusia, Baena, La Rambla and Ubeda showed quite
similar temperature patterns; while only slightly lower tem-
peratures were observed in Antequera. Some differences in
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Ficure 3. Oil content on dry weight basis of ‘Arbequina’ fruits
on three harvest dates in the four locations of Andalusia, Iberian
Peninsula (Antequera, Baena, La Rambla and Ubeda) and in two
locations of Tenerife, Canary Islands (El Viso and Los Tomillos).

In Andalusia, harvests 1, 2 and 3 represent mid- September,
mid-October and mid-November at the Iberian Peninsula locations.

In Tenerife, oil accumulation occurs one month in advance. For
that reason, harvests 1, 2 and 3 represent mid-August, mid- Sep-

tember and mid-October. Three replicates per location and harvest
date were averaged.

rainfall distribution among the Andalusian locations were
also observed, particularly due to high rainfall in Antequera
in the first week of November. Compared to the Peninsula,
locations in Tenerife were characterized by limited rainfall
throughout the year, with only exceptional rainfall observed
in Los Tomillos in March.

The oil accumulation of ‘Arbequina’ in the six loca-
tions sampled showed a similar pattern considering that
harvest 1 was done in August for El Viso and Los To-
millos (in Tenerife) and in September for the Andalusian
locations (Figure 3).

Among all the identified phenols in ‘Arbequina’ fruits,
oleuropein represented around half of the total phenolic
content (Table 1), and together with demethyloleuropein,
comseogoside, ligstroside and verbascoside constituted
95% of the total phenolic content. All the phenols showed

high variability (high coefficient of variance), being espe-
cially high for verbascoside and oleuropein.

This high variability in phenolic content and com-
position was mainly due to location effect for phenols
and most of the components (Table 2) except for oleu-
ropein and ligstroside, for which location and harvest
date showed comparable variance and for demethylo-
leuropein, which showed a double variance for the har-
vest date effect (41.9) compared to location (21.2) and
their interaction (18.0). The interaction between location
and harvest date represented the main contributor to total
variance only for hydroxytyrosol-4-glucoside. Error vari-
ance represented more than half of the total variance for
luteolin-7-O-glucoside. In any case, location, harvest date
and their interaction showed a significant effect on phe-
nolic content and all its components except for rutin and
luteolin-7-O-glucoside, for which location was the only
significant factor.

The phenolic components described were found in all
locations and harvest dates (Table 3). The high variability
due to location for total phenols was mainly due to the
high values observed for Antequera and Baena (Table 3,
Figure 4). While the decrease in total phenols with harvest
date was, on average, more similar between harvest 1 and
2 than between harvest 2 and 3. However, for Antequera
and Baena, this decrease was more evident between har-
vest 2 and harvest 3 -- just the opposite for the rest of
the locations. Oleouropein, the major phenol identified,
showed a similar pattern of variation to that of total phe-
nols. The same could be said for ligstroside.

Different patterns of variation were observed for the
rest of phenolic components (Table 3, Figure 4). De-
methyloleuropein showed an increase between harvest
1 and harvest 2 in all locations except for Los Tomillos.
In Antequera, this increase was also maintained between
harvest 2 and harvest 3, maybe associated to a heavy rain-
fall at that time. Few variations among harvest dates were
observed for comselogoside and verbascoside. Only in

TaBLE 1. Descriptive statistics (from a total of 54 samples) of the phenols found in ‘Arbequina’ olive pulp. Data are presented in pg/g of

fresh olive pulp.

Compound Average SDb CVb Min Max

Total phenols 23028 11647 51 8180 51767
Oleuropein 11176 10740 96 585 39985
Demethyloleuropein 7103 3722 52 555 14639
Comselogoside 1470 681 46 462 3279

Ligstroside 1103 972 88 171 4251

Verbascoside 916 927 101 30 4009

Hydroxytyrosol-4-glucoside 431 226 52 75 1061

Rutin 408 252 62 49 1046

Luteolin-7-O-glucoside 367 232 63 15 1335

Tyrosol-1-glucoside 53 18 33 35 97

aSD=Standard deviation, ®°CV= coefficient of variance
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TABLE 2. Percentage of variance for location, harvest date and their interaction for the phenols found in ‘Arbequina’ olive pulp by the
ANOVA analysis. Values in bold indicate significant differences for this source of variation at p<0.01. The analysis included 6 locations, 3
harvest dates and 3 replicates per location and harvest date.
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Location 66.1 43.2 21.2 87.6 38.7 64.1 40.4 64.0 41.5 65.9
Harvest date 25.0 45.6 41.9 1.0 434 4.6 0.0 0.0 0.2 1.2
Location * Harvest date 5.0 5.2 18.0 4.1 8.2 10.7 47.4 49 0.0 7.1
Error 3.9 6.1 18.9 73 9.7 20.6 12.2 31.0 58.3 25.8

TaBLE 3. Total and main phenol means by harvest date, location and harvest* location in ‘Arbequina’. Different letters indicate significant
differences (p< 0.005) among means within each of the three groups of data (Tukey test). Data are presented in pg/g of fresh olive pulp.
Three replicates per location and harvest were averaged.

El Viso Los Tomillos Antequera Baena La Rambla Ubeda Average
Total Phenols
Haverst 1 15834.4 ijk 22650.8 fg 461272 a  39922.6 bc 3177577 d 26668.1 ef 304965 a
Harvest 2 11258.0 Im 128272 klm 439152 ab 380819 ¢ 21231.0 gh 19747.0 ghi 24510.1 b
Harverst 3 97834 m 10911.0 Im 28063.9 de 212062 gh 18091.6 hij 14593.6 jkl 171083 ¢
Average 122920 d 15463.0 d 39368.8 a 330702 b 236994 c¢ 203362 ¢
Oleuropein
Haverst 1 102426 f 113281 f 36031.0 a 27113.0 ¢ 18728.1 de 210140 d 207428 a
Harvest 2 3360.8 gh 20458 gh 309145 b 17190.7 e 42359 g 90184 f 111277 b
Harverst 3 14545 gh 7757 h 119462 f 35014 gh 14537 gh 34835 gh 3769.1 ¢
Average 50193 e 47166 e 262972 a 159350 b 81392 d 111720 ¢
Demetiloleuropein
Haverst 1 34295 d 75934 b 10306 ef 32262 de 72533 b 798.0 f 38885 ¢
Harvest 2 60545 bc 79954 b 45162 cd 10959.2 a 126282 a  6808.6 b 81603 b
Harverst 3 64399 bc  6629.7 be 110573 a  12280.1 a 128520 a  7963.1 b 9537.0
Average 53080 d 74062 bec 55347 cd 88219 b 109112 a 51899 d
Cosmelogoside
Haverst 1 531.3 j 1176.1 gh 2002.0 cd 25015 b 15626 ef 15505 ef 15540 ab
Harvest 2 653.5 j 10653 hi 23572 bc 29228 a  1460.0 efg 1362.1 fgh 16368 a
Harverst 3 790.3 ij 10967 hi 17648 de 2269.7 bc 1311.2 fgh 11563 gh 13982 b
Average 658.4 e 11127 d 20413 b 25647 a 14446 ¢ 13563 cd
Ligustroside
Haverst 1 1013.6 ¢ 1155.5 de 3634.6 a 2774.4 1653.1 c 14336 cd 19441 a
Harvest 2 4972 fg 3223 g 26473 b 17049 ¢ 583.5 fg 8824 ef 11063 b
Harverst 3 2459 g 262.9 g 833.4 ef 561.9 fg 215.6 g 495.0 fg 4358 ¢
Average 585.6 d 580.2 d 23718 a 1680.4 b 8174 cd  937.0 c
Verbascoside
Haverst 1 71.9 ef 3522 def 21549 b 26462 ab 9374 d 650.6 cde 11355 a
Harvest 2 83.4 f 383.5 def 20119 b 3005.0 a 9014 cd 5835 cdef 11615 a
Harverst 3 114.4 f 5253 cdef 1099.9 c 969.5 cd  731.1 cd 4052 def 6409 b
Average 89.9 d 420.3 cd 1755.6 b 22069 a 856.6 c 546.4 cd
Hydroxytirosol-1-Glucoside-1-
Haverst 1 187.8 h 331.8 fghi 173.7 hi 4077 efg 6223 bed 5190 cde 3737 ¢
Harvest 2 2649 ghi 4737 def 2564 ghi 4817 def 700.4 b 476.8  def 4423 ab
Harverst 3 3545 efgh 942.6 a 215.8 hi 306.6 fghi 6655 bc 3474 efghi 4721 a
Average 269.1 cd 5827 a 2153 d 398.7 bc  662.7 a 447.7 b
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El Viso Los Tomillos Antequera Baena La Rambla Ubeda Average
Rutin
Haverst 1 148.5 fg 3232 defg 585.0 be 622.3 b 581.1  bc  370.8 cdef 4385 ns
Harvest 2 135.5 g 268.0 efg 6079 be 1007.0 a 419.3  bede 277.8 efg  452.6 ns
Harverst 3 148.1 fg 335.0 defg 5529 bed 591.0 bc 4248 bede 287.7 efg 3899 ns
Average 144.0 d 308.8 cd 5819 ab 740.1 a 475.1 be 312.1 cd
Luteolin-7-O-glucoside
Haverst 1 167.6 e 3524 bede 438.5 abcde 562.7 abc 383.0 bede 2773 cde 363.6 ns
Harvest 2 170.9 e 2328 cde 519.6 abed 7222 a 2550 cde 2927 cde 3655 ns
Harverst 3 197.7 e 300.2 cde 533.1 abed 6634 ab 3832 bede 4144 abcde 4153 ns
Average 178.7 c 295.1 bc  497.0 ab 649.4 a 3404  bc 328.1 bc
Glucoside-1-tyrosol
Haverst 1 41.7 ef 38.2 f 76.9 ab 68.7 be 55.0 cde 54.2 cde 558 ns
Harvest 2 37.1 f 40.3 f 84.3 a 88.3 a 47.4 efg 447 ef 570 ns
Harverst 3 38.0 f 42.8 ef 60.5 cd 62.7 be 54.5 cde 40.7 ef 499 ns
Average 39.0 c 40.4 be 73.9 a 73.2 a 523 b 46.5 bc

TaBLE 4. Fruit trait means by harvest date, location and harvest* location in ‘Arbequina’. Different letters indicate significant differences
(p< 0.005) among means within each of thr three groups of data (Tukey test). Three replicates per location and harvest were averaged.

El Viso Los Tomillos Antequera Baena Fuencubierta Ubeda Average
Fruit fresh weight (g)
Haverst 1 0,86 g 1,29 ef 0,93 g 1,44 cde 1,40 cde 1,08 fg 1,17 c
Harvest 2 1,24 ef 1,66 bc 0,86 g 1,37 def 1,75 ab 1,37 def 1,37 b
Harverst 3 1,32 ef 1,85 ab 1,30 ef 1,76 ab 2,02 a 1,60 bed 1,64
Average 1,14 cd 1,60 a 1,03 d 1,52 ab 1,72 a 1,35 be
Oil content in dry basis (%)
Haverst 1 35,6 g 44,6 e 35,5 gh 34,9 gh 32,4 hi 29,1 i 35,4 c
Harvest 2 43,5 ef 53,4 b 43,6 ef 43,6 ef 432 ef 41,2 f 44,8 b
Harverst 3 48,8 cd 57,6 a 50,6 be 51,4 be 48,7 cd 46,4 de 50,6 a
Average 42,6 b 51,9 a 43,2 b 433 b 41,4 be 38,9 c
Fruit Moisture (%)
Haverst 1 59,7 ab 50,9 fg 45,5 ij 50,0 fgh 59,1 abc 56,7 cde 53,7 a
Harvest 2 57,8 abcd 52,1 f 35,6 k 43,9 j 58,1 abcd 552 e 50,4 c
Harverst 3 56,3 de 48,7 gh 44,6 j 47,8 hi 60,5 a 56,2 de 52,4 b
Average 57,9 ab 50,6 c 41,9 e 47,2 d 59,2 a 56,1 b
Maturity index
Haverst 1 0,8 ¢h 1,4 ef m.d. 1,0 fgh m.d. 1,5 ef 1,5 [¢
Harvest 2 1,7 de 2,4 c 0,1 i 1,2 fg m.d. 3,1 b 1,7 b
Harverst 3 2,0 cd 3,2 b 0,8 h 1,2 fg m.d. 3,7 a 2,0 a
Average 1,5 b 2,3 a 0,4 c 1,2 b m.d. 2,7

Antequera and Baena, the two locations with the highest
values for both components, a significant decrease was
observed in harvest 3.

For the four components with lower contents in ‘Ar-
bequina’ fruits (hydroxytyrosol-4-glucoside, rutin, lute-
olin-7-O-glucoside and tyrosol-1-glucoside), the highest
values were observed in Antequera and Baena samples,
probably due to the water stress. The unique exception
was hydroxytyrosol-4-glucoside with very high levels
in the fruits from La Rambla, and a significantly differ-
ent accumulation pattern observed in Los Tomillos. This
component is probably less influenced by water stress.

Few variations with harvest date were observed for rutin,
except for the very high values in Baena in harvest 2.
Fruit traits were also evaluated in the six locations and
on three harvest dates. Fruit size, moisture and maturi-
ty index showed most of the variance due to the location
effect. The oil content was mainly influenced by harvest
date, as expected (data not shown). Antequera was the
location with the smallest fruit size; while Los Tomillos
showed higher oil content than the rest of the locations
(Table 4). Fruit moisture was much lower in the two dry
farming locations (Antequera and Baena), as expected.
Maturity index was very delayed in Antequera, and very
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TABLE 5. Percentage of variance of region, harvest date and their interaction for the phenols found in ‘Arbequina’ olive pulp by the
ANOVA analysis. Only data for the four irrigated locations in Andalusia (La Rambla and Ubeda) and Tenerife (Los Tomillos and El Viso)
were included. For each location, data of the 3 harvest dates and 3 replicates per location and harvest date were considered. Values in bold

indicate significant differences for this source of variation at p<0.01.
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Region 472 19,1 5,9 58,7 13,8 63,1 7.2 45,7 22,3 52,7
Date 38,3 71,0 22,5 3,8 68,1 42 8,9 1,8 6,5 42
Region * Date 2,4 0,6 11,0 4,1 3,3 48 27,3 1,9 7,0 0,3
Error 12,1 9,2 60,5 334 14,8 27,9 56,6 50,6 64,2 42,7

TABLE 6. Pearson correlation coefficients among phenols and fruit characteristics for the data of elementary plots by location and harvest
date (18 data points) in ‘Arbequina’. Values > 0.7 are highlighted.

E -
g 2z i . B
= 8 £ g & 2 E® _ £ 3 & §F f:z £
s 3 &£ E& & £ 83 = £s g B B 22 %
£ 5 & & 7 & 23 2 33 & £ £ FE £
Oleuropein 0.93
Demethyloleuropein -0.20 -0.55
Comseogoside 0.82 0.61 0.16
Ligstroside 091 096 -0.51 0.61
Verbascoside 0.81 0.65 0.00 0.83 0.69
Hydroxytyrosol-4-glucoside -0.28 -0.38 0.31 -0.07 -0.36 -0.10
Rutin 0.70 048 020 0.79 0.50 0.74 0.00
Luteolin-7-O-glucoside 049 031 0.18 062 034 051 -0.11 0.87
Tyrosol-1-glucoside 083 0.70 -0.02 084 0.70 0.80 -0.17 0.63 0.43
Fruit fresh weight -0.39 -0.59 0.61 0.00 -0.54 -0.13 0.63 0.09 0.15 -0.27
Fruit dry weight -0.19 -042 056 025 -036 0.10 054 031 037 -0.02 0.86
Oil content in dry weight -0.50 -0.65 0.53 -0.15 -0.61 -025 0.33 -0.10 0.05 -026 0.63 0.75
Fruit moisture -0.59 -0.50 0.04 -0.65 -0.49 -0.59 0.18 -0.53 -047 -0.65 022 -0.23 -0.23
Maturity index -0.62 -0.63 0.07 -0.41 -0.57 -039 0.56 -0.36 -025 -0.54 059 035 038 0.39

advanced in Ubeda, although intermediate in the rest of
the locations.

A separate analysis of variance was performed for the
four irrigated locations to better test differences among
the Mediterranean and Subtropical conditions of Andalu-
sia and Tenerife regions (Table 5). Region was the main
contributor to the total variance for total phenols, comsel-
ogoside, verbascoside, rutin and tyrosol-1-glucoside. This
effect was mainly due to the higher values for those com-

ponents in the two Andalusian locations (La Rambla and
Ubeda), especially for the first two harvest dates (Figure
4). While oleuropein and lisgtroside showed higher vari-
ance for harvest date mainly due to the sharp decrease in
their contents, especially between harvests 2 and 3.

The correlation between phenolic content components
and with fruit traits were also studied (Table 6). Total phe-
nolic content showed a high positive correlation with most
individual phenolic components except for demethyloleu-
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ropein, which increased throughout the harvest season,
and hydroxytyrosol-4-glucoside and luteolin-7-O-gluco-
side which did not show a clear decrease during ripening.
Among the phenolic components, the stronger correlation
was found between oleuropein and ligstroside. Although
comselogoside, verbascoside and rutin seemed to also be
highly correlated. Besides, tyrosol-1-glucoside showed
very high correlation coefficients with verbascoside and
comselogoside. Both have a similar chemical structure in
which the glucose is directly linked to the phenolic alco-
hol moiety, hydroxytyrosol and tyrosol, respectively. No
high correlations were found between the total phenolic
content or specific phenolic components and fruit traits,
with most of them being negative, except for demethy-
loleuropein and tyrosol-1-glucoside. Ripening index
showed low correlations with phenol content and com-
position and with the fruit traits evaluated. In particular,
fruits having a high ripening index (more than 2) showed
low phenol contents (less than 20,000 pg/g of fresh olive
pulp); while fruits having a ripening index lower than 2
showed a very large range in variation in phenol contents
(from 8,180 to 51,767 pg/g of fresh olive pulp).

4. DISCUSSION

The nine major phenolic components identified, in
all locations and harvest dates, showed high variabil-
ity (coefficient of variance higher than 50%, except for
comselogoside and tyrosol-1-glucoside). Oleuropein was
the main phenol as previously reported for olive fruits of
other cultivars (Ben Ghorbal et al., 2018; Valente et al.,
2020).

The high variability found was mainly due to a lo-
cation effect for total phenols and for most individual
phenolic components. Significant the effect of location
was previously reported for phenols in several cultivars.
This is the case of ‘Gemlik’ in Turkey (Ben Ghorbal et
al., 2018), ‘Arbequina’, ‘Manzanilla’ and ‘Arauco’ in Ar-
gentina (Bodoira ef al., 2015) and Italian cultivars from a
central region of Italy (Mousavi et al., 2019).

Most variability associated with location was caused
by the high values observed for Antequera and Bae-
na compared to the other four locations. The most out-
standing difference between Antequera and Baena and
the rest of the locations is that olive trees are managed in
dry farming, while, in Los Tomillos, El Viso, La Rambla
and Ubeda, drip irrigation is used. The great influence of
water availability on phenolic content and composition of
olive fruits and virgin olive oils was previously report-
ed when olive dry farming and irrigation were compared
(Gémez-Rico et al., 2006; Cirilli et al., 2017). It seems
that water stress periods caused a higher concentration
of phenolic compounds in in the dry farming locations of
Antequera and Baena, which remained during most of the
maturation period. Water availability in the dry farming

locations was especially low at the beginning of the oil
accumulation period with respect to the four irrigated lo-
cations. Previous reports have suggested that water stress
in this period has a strong influence on the phenol content
(Gucci et al., 2019). This is maybe the reason why rainfall
at the beginning of November in Antequera had little in-
fluence on phenol content. However, in some other works,
a decrease in phenol content with higher stress has been
reported (Valente ef al., 2020). Probably, in the latter case,
the combination of water and heat stress gave a different
response of the olives.

When considering only the four irrigated locations,
two in Andalusia and two in Tenerife, higher content for
total phenols and some components was observed in An-
dalusia. These differences were especially important for
the first harvest date. The higher summer temperatures in
Andalusia with respect to Tenerife could produce higher
stress which could be the cause of those differences.

Previously, the Sub-Tropical temperatures of Tenerife
have shown a great influence on the flowering phenology
of the olive tree (Medina-Alonso et al., 2020). This is im-
portant, since the Tenerife climatic conditions could help
to predict the influence of climate change in the Mediter-
ranean climate. In our case, it seems that the main factor
associated with climate change that would impact phenol
content is water availability more than changes in air tem-
perature. However, the higher heat stress in summer, pre-
dicted in a climate change scenario, could also increase
phenol content although have negative influence on other
parameters such as oil content (Navas et al., 2019). More
experimentation is needed to accurately determine the in-
fluence of climate change on phenol content and compo-
sition.

Harvest date was also showed to influence the varia-
bility in total phenols and phenolic components. As ob-
served in our trials, most of the previous works reported a
decrease in total phenolic content with maturation (Abaza
et al., 2017; Ferro et al., 2020), including ‘Arbequina’ in
North-East Spain (Benito ef al., 2013). However, different
patterns of variation were observed for individual phenol-
ic components. In fact, the decrease in oleuropein content
throughout the ripening process was concomitant with a
parallel increase in demethyloleuropein, as previously re-
ported (Gomez-Rico ef al., 2008). This was the only com-
ponent with a significant increase with harvest date. Pre-
vious reports have also shown different variation patterns
for the different phenolic components in fruit (Ben Ghor-
bal et al., 2018; Talhaoui et al., 2015; Ferro et al., 2020).

ANOVA analysis revealed the comparison of the
relative influence of location and harvest date. For total
phenols and some components such as comselogoside,
tyrosol-1-glucoside, verbascoside and rutin, location
had a much greater influence than harvest date. On the
contrary, in the case of demethyloleuropein, harvest date
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was more important. And for other components such as
oleuropein and ligstroside, both factors were equally im-
portant. Therefore, the relative influence of harvest date
and location very much depend on the phenolic com-
ponent. No previous study on the comparative variance
analysis has been performed for olive phenols, except for
the case of ‘Baladi’ in Lebanon (EI Riachy et al., 2018),
where a greater influence of location was observed with
respect to harvest date for total phenol content determined
spectrophotometrically using the Folin-Ciocalteu method.
Different influences of location and genotype for the dif-
ferent phenolic components were previously reported in a
set of breeding trials (Pérez ef al., 2018).

As expected, all phenolic components showing sim-
ilar behavior across locations and harvest dates were
highly correlated. The extremely high correlation found
for oleuropein and ligstroside suggest a common biosyn-
thetic pathway for both secoiridoid glucosides. While the
negative correlation between oleuropein and demethylo-
leuropein support the hypothesis on the interconversion
of oleuropein into demethyloleuropein (Obied et al.,
2008). On the contrary, demethyloleuropein, hydroxy-
tyrosol-4-glucoside and luteolin-7-O-glucoside showed
no correlation with the rest as having a different pattern
of variation. Different correlations than the ones reported
here were found in a previous set of breeding trials (Pérez
et al., 2018). This is probably due to the fact that the var-
iability here is only due to environmental factors; while
in the previous work, the phenol variability is attributable
to different environments but also to different genotypes.
The correlation of phenols with oil and moisture contents
in the fruit was low and negative, which seems to indicate
different metabolic pathways.

Ripening index seems to be also negatively correlat-
ed with phenolic content and most of the phenolic com-
ponents. In fact, ripening index has been proposed as an
indicator of fruit composition (Sanchez de Medina ef al.,
2014). However, the correlation coefficients obtained in
this work were not very high and varied greatly across lo-
cations. Overall, low phenolic content was found in fruits
with high ripening index (2.0 to 4.0). However, at lower
ripening indexes (0.8 to 2.0), both fruits with high and
low phenolic contents were found. These results could
explain some contradictory results reported in previous
studies. Indeed, Gomez-Rico et al. (2008) and Morello
et al. (2004) showed both high correlation and lack of
correlation of ripening index with phenolic content and
composition in the ‘Arbequina’ cultivar. Therefore, a gen-
eral relationship between fruit color and phenolic content
should be taken cautiously. A strong association of phe-
nol content with harvest time but not with ripening index
could be explained by the fact that there is not a consistent
pattern of variation in the ripening index with harvest time
in the different locations considered.

5. CONCLUSIONS

In summary, water availability and harvest date seem
to play a more important role than air temperature on the
phenolic content and composition of ‘Arbequina’ fruits,
even when very different climatic conditions such as
Sub-Tropical and Mediterranean are compared. There-
fore, in order to obtain olive fruits with high phenolic con-
tent, low water availability together with an early harvest
should be considered. Taking into account that those two
factors would also reduce the oil content in fruit. Among
the phenol components studied, comsegoloside seems to
be the one with the greatest variance among locations.
Therefore, future studies might consider this phenol as a
good marker for plant stresses, especially water availabil-
ity. Further research is needed to determine the relative
influence of water availability and harvest date on other
cultivars with different phenolic profiles than the ‘Arbe-
quina’ one here considered.
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