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Abstract

The evaluation of the phenolic composition in advanced selections in breeding programs constitutes the first approach for
selecting genotypes with improved olive oil quality. In this work, the influence of genotype and ripening index on the phe-
nolic profile of olive oils from advanced selections in comparison to their genitors was studied. Fruit samples were collected
in genotypes from crosses between ‘Arbequina’ x ‘Picual’, ‘Picual’ x ‘Arbequina’ and ‘Frantoio’ x ‘Picual’ at five dates from
I*t October to 26" November 2009. Characterization of the phenolic profile was performed by liquid-liquid extraction with
60:40 (v/v) methanol-water and subsequent chromatographic analysis with absorption and fluorescence detection in a sequen-
tial configuration. A dual effect of genotype and fruit ripening on the phenolic profile has been observed with more pronounced
genetic influence in both total (34.73% and 20.45%, respectively) and individual phenols (16.99% to 49.25% and 1.58% to
23.77%, respectively). A higher degree of variability between genotypes at early ripening stages was also observed (p < 0.05).
The obtained results allow also the identification of selections with high content of total and individual phenols. These results
suggest a strategy based on early harvesting of fruits (at the first three ripening indexes) for better comparison and selection
of genotypes in further crosses in olive breeding programs aiming at improving the quality of virgin olive oil.
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Resumen

Perfil fenoélico de aceites de oliva virgenes obtenidos de selecciones avanzadas en un programa de mejora

La evaluacion de la composicion fenolica en selecciones avanzadas en programas de mejora constituye el primer paso
para la seleccion de genotipos cuyos aceites son de mejor calidad. Se ha estudiado la influencia del genotipo y del indice
de madurez en el perfil fendlico del aceite de oliva de selecciones avanzadas en comparacion con sus genitores. Se reco-
gieron muestras de genotipos obtenidos de cruzamientos entre ‘Arbequina’ X ‘Picual’, ‘Picual’ x ‘Arbequina’ y
‘Frantoio’ x ‘Picual’ en cinco fechas entre el 1 de octubre y el 26 noviembre de 2009. Se realizo la caracterizacion del
perfil fenolico por extraccion liquido-liquido con metanol-agua al 60:40 (v/v) seguido de un analisis cromatografico con
deteccion por absorcion y fluorescencia en una configuracion secuencial. Los resultados obtenidos mostraron un mayor
grado de variabilidad entre genotipos en las primeras etapas de maduracion de los frutos (p < 0.05), asi como el efecto
de la madurez de los frutos y del genotipo en el perfil fenolico, con una influencia genética mas pronunciada tanto para
fenoles totales (34,73% and 20,45%, respectivamente) como individuales (entre 16,99% y 49,25% y entre 1,58% y 23,77%,
respectivamente). Los resultados obtenidos han permitido la identificacion de selecciones con alto contenido en fenoles
totales e individuales. Ambos resultados sugieren una estrategia basada en la evaluacion de los fenoles totales e indivi-
duales en las primeras etapas de la maduracion para comparar y seleccionar genotipos en programas de mejora por cru-
zamiento encaminados a mejorar la calidad del aceite de oliva virgen.

Palabras claves adicionales: composicion fendlica; indice de madurez; mejora por cruzamiento; Olea europaea,
variabilidad genética.
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Introduction

Virgin olive oil (VOO) has been a main delectable
food in the Mediterranean basin for thousands of
years. Its consumption is increasing in the United
States, Canada, Australia, Japan and other countries
(Garcia-Gonzalez & Aparicio, 2010). This increase is
ascribed to the awareness of healthy and organoleptic
properties of VOO, which can be consumed in its raw
state —without suffering any refining process—, thus
conserving the taste, aroma, and healthy properties of
olive fruit.

The chemical composition of VOO is characterized
by the presence of a group of major compounds (98%)
and a group of minor compounds (2%). The first group
is constituted mainly by triacylglycerols and small
concentrations of diacylgycerols, monoacylglycerols
and free fatty acids. However, the second group in-
cludes more than 230 compounds, including phospho-
lipids, waxes, hydrocarbons, alcohols, sterols, volatile
and phenolic compounds (Boskou, 1996).

Special attention should be paid to phenolic com-
pounds (phenolic acids, phenolic alcohols, hydroxy-
isochromans, flavonoids, secoiridoids and lignans)
because of their antioxidant and healthy properties and
their influence on VOO organoleptic characteristics. In
fact, phenolic compounds are correlated to VOO stabil-
ity during storage by virtue of their antioxidant activ-
ity that reduces oxidation processes (Gallina-Toschi
et al., 2005; Frankel, 2010). Moreover, these com-
pounds may provide a defense mechanism that delays
aging and prevents carcinogenesis, atherosclerosis,
obesity, liver disorders and inflammations (Tripoli
et al., 2005; Bendini et al., 2007; Servili et al., 2009).
Also, beneficial effects on breast and colon cancer
(Owen et al., 2000), on diabetes accompanied by hy-
pertriacylglycerolaemia and autoimmune diseases such
as rheumatoid arthritis (Alarcon de la Lastra et al.,
2001) have been attributed to VOO. Finally, phenolic
compounds are highly correlated to VOO organoleptic
characteristics, mainly bitterness and pungency (An-
drewes et al., 2003; Beltran et al., 2007).

Phenolic composition of VOO is the result of a very
complex multivariate interaction between genotype and
agronomic, environmental and technological factors
(Montedoro & Garofolo, 1984; Lavee & Wodner,
1991). In fact, drastic variability between cultivars was
registered (Baccouri O. et al., 2007; Montedoro et al.,
2007; Tura et al., 2007; Baccouri et al., 2008; Issaoui
et al., 2010). In addition, harvest time, determined by

sequential physiological and biochemical changes and
influenced by several environmental and cultural prac-
tices (Conde et al., 2008), has a considerable effect on
the VOO phenolic profile (Yousfi ez al., 2006; Baccouri
B. et al., 2007; Damak et al., 2008; Gomez-Rico et al.,
2008). Moreover, water availability, cultivation zone
and sanitary status of the olive fruits (mainly infestation
by Bactrocera olea) have a large effect on the phenolic
profile of VOO (Morell6 et al., 2005; Gomez-Rico
et al.,2007; Servili et al., 2007; Gomez-Caravaca ef al.,
2008; Ripa et al., 2008; Tura et al., 2008). On the other
hand, the extraction process, mainly crushing and ma-
laxation steps, highly affects the phenolic composition
of VOO due to the activity of endogenous enzymes of
olive fruits, which are released in the paste during these
steps (Servili et al., 1998; Bianco et al., 2001; Ranalli
et al.,2001; Gomez-Rico et al., 2009).

The influence of agronomic practices on VOO phe-
nols has been widely studied in the principal cultivars
of producing countries. Nevertheless, few studies have
been published on segregating populations and on
advanced selections from breeding programs developed
in these countries. As an example, Garcia-Gonzalez
et al. (2010) described the evolution along ripening of
phenolic and volatile compounds of the new olive cul-
tivar ‘Sikitita’ obtained by a crossing of ‘Picual” and
‘Arbequina’ cultivars in the olive breeding program
established in Cordoba (Spain). The objective of this
work was to study the variation of phenolic compounds
along fruit ripening and among advanced selections
from the olive breeding program carried out in Cor-
doba (Spain) and their genitors. The influence of two
relevant factors, genetic variability and ripening index,
on the phenolic profile of VOOs was studied. The final
aim of the research here reported was to provide a
strategy for selection of potential genotypes in future
crosses in breeding programs.

Material and methods
Plant material and fruit samples

Selections evaluated in this work come from cross-
es between ‘Arbequina’, ‘Frantoio’ and ‘Picual’ culti-
vars, carried out in the olive cross-breeding program
of Cordoba in 1991-1992. Several genotypes were
selected in the initial seedling population after three
consecutive harvest seasons mainly on the basis of their
early bearing (short juvenile period) and high oil con-
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tent. The selected genotypes were propagated by soft-
wood cuttings and planted, in 2001, in a comparative
field trial together with the three genitors as control at
6 x 5 m spacing. Trees were trained as single-trunk
vase, with three to four main branches, and minimal
pruning was carried out to allow early bearing. Stan-
dard cultural practices were followed, including irriga-
tion supply by in-line drips to avoid water stress of
plants. Results of their agronomic evaluation at the
initial seedling stage (Leon et al., 2004) and compara-
tive field trials (Leon et al., 2007; De la Rosa et al.,
2008) have been reported so far.

Olive fruit samples were collected from 12 genotypes
including the three genitors (‘Arbequina’, ‘Picual’ and
‘Frantoio’), and three advanced selections from each
cross: ‘Arbequina’ x ‘Picual’ (‘UC-I 6-9°, ‘UC-I 7-8°,
‘UC-1 9-67’), ‘Picual’ x ‘Arbequina’ (‘UC-I 2-68°,
‘UC-I 5-44°, ‘UC-1 7-34’) and ‘Frantoio’ X ‘Picual’
(‘UC-14-62°, “UC-17-60°, “‘UC-I 10-30"). The samples
were collected at five dates from 1% October to 26" No-
vember 2009 (every two weeks) and two trees-per-
genotype were sampled each date. No samples were
available from ‘Picual’ at the first date (1** October).

Ripening index of fruit samples was recorded as de-
scribed by Frias et al. (1991). Briefly, an aliquot of 100
randomly selected fruits was taken from each fruit sam-
ple, and fruits were classified into the following catego-
ries: 0 = the skin is a deep or dark green color; 1 = the
skin is yellow or yellowish-green color; 2 = the skin is
a yellowish color with reddish spots; 3 = the skin is a
reddish or light violet color; 4 = the skin is black.

The total number of olives in each category (n,,
n,,..., ny) was recorded, and, then, the following equa-
tion was applied to determine the ripening index (RI):

~ [0 x 1) + (1 xmy) +(2xmy) + (3% 1) + (4 X ny)]
- 100

Then, RI was categorized as following: RI < 0.5 (Rl);
RI = 0.5-1.5 (RI)); RI = 1.5-2.5 (RL,); RI = 2.5-3.5 (RI;)
and finally RI > 3.5 (RL,).

RI

Olive oil extraction

Olive fruit samples were processed using an Abencor
system (MC2 Ingenierias y Sistemas, Sevilla, Spain),
which consists of three essential elements: the mill, the
thermo-malaxer and the olive paste centrifuge. VOO
was extracted according to the manufacturer protocol;
briefly, olives were crushed with the hammer mill; the

olive paste thus obtained was malaxated for 30 min
with the water bath set at 28+1°C. Then, olive oil was
separated from the paste by centrifugation for 2 min.
Subsequently, the oil was separated from the wastewa-
ter by decantation and collected in dark brown glass
bottles and stored at —18°C until analysis.

Reagents

Methanol, n-hexane, o-phosphoric acid, Folin-Cio-
calteu (F-C) reagent and anhydrous sodium carbonate
were purchased from Panreac (Barcelona, Spain). Hy-
droxytyrosol, tyrosol, vanillic acid, syringic acid, p-
coumaric acid, o-coumaric acid, oleuropein, luteolin
and apigenin were acquired from Extrasynthese (Genay,
France) and Sigma Aldrich (Madrid, Spain). High qual-
ity water (Millipore Milli-Q) was used to prepare 60:40
(v/v) methanol—water extractant, the chromatographic
mobile phase and analytical samples.

Phenols extraction

A solution of syringic acid (internal standard)
was prepared by dissolving 15 mg of syringic acid in
10 mL of 60:40 (v/v) methanol-water. Then, 1 mL of
this solution was diluted in a 25 mL volumetric
flask with 60:40 (v/v) methanol-water. Syringic
acid was used as internal due to its similarity to
phenolic compounds present in VOO and to its
absence in this product.

An aliquot of 3 g of olive oil was dissolved in 2 mL
of n-hexane and homogenized by stirring for 15 s.
Subsequently, 250 pL of syringic acid solution and
1.75 mL of 60:40 (v/v) methanol-water mixture were
added, and the solution was subject to stirring for
2 min. Then, the extract was separated from the oily
solution to which 2 mL of methanol-water mixture was
added, followed by stirring for 2 min for a second ex-
traction. The collected extracts from both separations
were mixed and stored under refrigeration at — 18°C
for further determinations.

Total phenols determination
An aliquot of 20 pL of methanol-water extract was

introduced in an Eppendorf vial; then, 1.58 mL of
deionized water, 300 puL of 20% Na,CO;and 100 pL
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of F-C reagent were added to the extract. The reaction
was accelerated by putting the Eppendorfs in an oven
at 50°C for 5 min and then set to rest for 30 min at
room temperature. A blank and calibration solutions
using gallic acid as standard were prepared similarly
to the samples. The absorption at 765 nm was measured
by a Spectronic Helios Gamma UV-Vis spectropho-
tometer from Thermo Fisher Scientific (Waltham, MA,
USA) equipped with a tungsten—halogen lamp. The
results were expressed as mg equivalents of gallic acid
(GAE) kg™ of oil.

Separation, identification and quantification
of phenols

Sample extracts were analyzed using a Varian ProStar
230 solvent delivery module equipped with a reciprocat-
ing single piston pump. The chromatographic column
was a Microsorb-MV 100 — 8 C18 (250 x 4.6 x 6.35 mm).
The elution solvents were 0.2% o-phosporic acid in
water (phase A) and pure methanol (phase B). The
samples were eluted according to the following elution
gradient: at 0 min: 96% of A and 4% of B; 0-40 min:
96-50% of A and 4-50% of B; 40-45 min: 50-40% of A
and 50-60% of B; 45-60 min: 40-0% of A and 60-100%
of B; 60-70 min: 0% of A and 100% of B and finally
70-77 min: 0-96% of A and 100-4% of B, and a constant
flow rate of 1 mL min™' was maintained during all the
chromatographic step.

Detection was made by a Varian ProStar 335 ultra-
violet diode-array detector and a Varian ProStar 363
fluorescence detector (Aex = 250 nm, Aem = 350 nm)
in a sequential configuration. Hydroxytyrosol, tyrosol,
vanillic acid and the dialdehydic form of elenolic acid
linked to hydroxytyrosol (3,4-DHPEA-EDA; the most
abundant secoiridoid form) were identified by their
fluorescence emission spectra and retention times;
while, p-coumaric and o-coumaric acids, luteolin and
apigenin were identified by their absorption spectra
(maximum absorbance at 280 nm) and their retention
times. The results were elaborated by the Varian work-
station. Quantification of phenolic compounds was
performed relatively to the internal standard (sy-
ringic acid) and based on calibration curves of the
eight commercially available standards. Accordingly,
the results were expressed as mg of the target analyte
kg™ of oil for all individual phenols, except for
3,4-DHPEA-EDA, expressed as mg of oleuropein kg™
of oil.

Statistical analyses

HPLC analyses were carried out in triplicate, while
the values of total phenols were the result of a single
analysis. The data were subjected to analysis of variance
to test the effect of genotype, RI and interaction between
both factors, in order to determine the relative importance
of each factor. Means comparison was obtained using the
Duncan test at a significance level of 5%. Statistical
analysis was carried out using the Statistix (Analytical
Software, Tallahassee, FL, USA) and SAS (SAS Institute
Inc., Cary, NC, USA) statistical packages.

Multivariate analysis based on principal component
analysis (PCA) was applied using the Unscrambler
software (CAMO A/S, Trodheim, Norway).

Results
Harvesting time and ripening index (RI)

Significant differences were observed in ripening index
between genotypes (p < 0.0001) and sampling dates
(p < 0.0001). Besides, the interaction genotype x date
was also significant (p = 0.01), indicating that the ripen-
ing progress in the different genotypes was different. The
evolution of the ripening process showed that ‘Frantoio’,
‘Picual’, UC-I 10-30, UC-I 7-34 and UC-I 7-8 ripened
earlier than genotypes ‘Arbequina’, UC-I1 4-62, UC-I 5-44,
UC-I 6-9 and UC-I 7-60, which ripened earlier than UC-I
2-68 and UC-I 9-67 (Fig. 1). For instance, by the fourth
sampling date (November 12) an average ripening index

Frantoio_
UC-17-34]
UC-110-30|
Picual |
uc-17-8]
UC-14-62
UC-1 7-60|
UC-16-9|
Arbequina_
UC-19-67
UC-1 5-44
UC-12-68 |

1-0ct  15-0ct  29-0ct ~ 12-Nov = 26-Nov

1 Rl —1 Rl Rl, = R, mm R,

Figure 1. Average ripening index (RI) of genitors and advanced
selections along the five harvesting dates. Genotypes are pre-
sented in descending order of RI.
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3 or 4 was observed in genotypes of the first group, while
this value was 2 and 1 on the second and third group,
respectively. To avoid the difference in ripening among
the studied genotypes, the categorization of RI previ-
ously described in the materials and methods section —
viz. RI £ 0.5 (RI); RI = 0.5-1.5 (RI}); RI = 1.5-2.5 (R1,);
RI = 2.5-3.5 (R];) and finally RI > 3.5 (RL,)— was used
for comparison between the genotypes.

Phenols variability

Genotype variance was the main contributor to total
variance for total phenols content, accounting for 35%
of total sum of squares, whereas 20% and 10% ac-
counted for RI and interaction between both factors,
respectively (Table 1).

Significant differences for total phenols content were
obtained between genotypes and RI. Total phenols, deter-
mined by the F-C method, showed high variability be-
tween genotypes from 494 (‘UC-I 5-44’) to 131 (‘UC-I
7-8’) mg GAE kg™ of oil (Table 2). Significant differ-
ences between genotypes were more clearly observed at
the initial stages of ripening (RI,, RI, and RI,) and smooth
away at the end of the ripening process (Table 3).

The total phenol content significantly decreased dur-
ing fruit ripening, with average values 2.5 times
higher for RI, than for RI, (Table 4).

All individual phenols were identified in all geno-
types at all ripening indexes, but with quantitative
differences. As for the total phenols content, genotype
variance was the main contributor to total variance for
hydroxytyrosol, vanillic acid, 3,4-DHPEA-EDA, p- and
o-coumaric acids, accounting for 31-49% of total sum
of squares (Table 1). Genotype x RI interaction was

the main contributor to total variance for tyrosol,
luteolin and apigenin.

Similarly to total phenols, high variability between
genotypes was observed in all individual phenols de-
termined by HPLC. Significant differences between
genotypes were obtained for all phenols and the Dun-
can multiple comparison test provided 2—7 subsets for
the different phenols evaluated (Table 2). The highest
differences were obtained for vanillic acid, with values
from 0.21 (‘UC-T 4-62) to 1.33 (‘Arbequina’) mg kg™
of oil and 3,4 DHPEA-EDA with values from 85.30
(‘Picual’) to 334.74 (‘UC-I 5-44’) mg of oleuropein
kg™ of oil. Significant differences between genotypes
were more clearly observed at ripening indexes RI; or
RI,. The pattern evolution for hydroxytyrosol and
3,4-DHPEA-EDA are presented in Table 5, and similar
results were obtained for all other individual phenols
evaluated (data not shown).

Significant differences between RI were obtained
for tyrosol, vanillic acid and 3,4-DHPEA-EDA, de-
creasing the values for these phenols during fruit ripen-
ing (Table 4). Significant genotype x RI interaction was
also obtained for tyrosol, vanillic acid and apigenin
(Table 1). This significant interaction was mainly at-
tributable to more pronounced decrease in tyrosol
content for UC-I 7-60 and UC-I 9-67, in vanillic acid
for ‘Arbequina’ and UC-I 7-34, and no clear trends
between genotypes for apigenin content (Table 5).

Correlation between traits
Significant correlations were obtained between some

of the evaluated characters (Table 6). These correlations
confirm the inverse relationships between RI and total

Table 1. Relative importance of genotypes and ripening index (RI) expressed as percentages of total sum of squares and significance
in the ANOVA for different compounds under study. Means are in mg gallic acid equivalent (GAE) kg™ of il for total phenols,
mg kg™ of oil for all individual phenols, except dialdehydic form of elenolic acid linked to hydroxytyrosol (3,4-DHPEA-EDA) that

was expressed as mg of oleuropein kg™ of oil

Parameter p:zltlills Ht);ll;(s)g- Tyrosol  Vanillic acid 3’4-]];;1§EA- P _C(;l:;ganc o_C(;l:;:;anc Luteolin  Apigenin
Genotype 34.73%%% 49 )5k 21.88%** 31.07%%* 42 91%** 34, 5%%%* 36.11%** 24 83***  16,99*
RI 20.45%** 2.49 21.37%** 23.20%%% 23.777*** 1.80 1.58 2.31 4.71
Interaction 9.66 13.23 20.73%%%* 21.46%* 11.07 20.32 15.52 28.94 31.93*
Error 35.16 35.03 27.08 2431 22.25 43.38 46.79 43.92 46.38
CV (%) 53.35 28.52 49.78 64.25 37.58 45.75 50.15 35.09 37.63
Mean 277.61 4.74 1.79 0.62 168.70 2.14 8.52 3.52 1.85
SE 93.95 0.96 0.58 0.26 38.69 0.80 2.95 0.93 0.55

CV, coefficient of variation; SE, standard error; *, p < 0.05; **, p < 0.01; *** p < 0.001.
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Table 2. Overall evaluation of genitors and advanced selections for total phenols content (mg gallic acid equivalent (GAE)
kg™ of oil), and individual phenols content (mg kg™ of oil), except dialdehydic form of elenolic acid linked to hydroxytyrosol
(3,4-DHPEA-EDA, mg of oleuropein kg™ of oil)

Genotype Total phenols Hydroxytyrosol Tyrosol Vanillic acid 3,4-DHPEA-EDA
‘Arbequina’ 154.78 e (11) 4.18 be (8) 1.45be (8) 1.33a(1) 176.47 cd (5)
‘Frantoio’ 378.46 abce (3) 3.95 be (10) 1.93 be (3) 0.33d(9) 139.12 cdefg (8)
‘Picual’ 216.05 de (7) 4.91b (3) 1.36 be (10) 0.25d (11) 85.30 g (12)
UC-12-68 178.99 de (10) 3.88 be (11) 1.37 be (9) 0.48 d (7) 187.63 ¢ (3)
UC-I 4-62 249.87 cde (6) 3.99 be (9) 1.12 ¢ (12) 0.21d(12) 104.37 efg (10)
UC-I 5-44 49437 a (1) 7.23a (2) 1.90 be (4) 1.03 ab (3) 33474 a (1)
UC-16-9 210.81 de (8) 4.29 be (6) 1.68 be (7) 1.07 ab (2) 120.17 defg (9)
UC-17-8 131.19¢ (12) 3.28¢c (12) 1.14 c (11) 0.45d (8) 157.14 cdef (7)
UC-17-34 310.80 bed (5) 7.46 a (1) 1.78 be (6) 0.90 be (4) 265.58 b (2)
UC-17-60 370.98 abc (4) 4.82b (4) 3.54a(1) 0.49d (6) 177.42 cd (4)
UC-19-67 184.39 de (9) 4.22 be (7) 2.24b(2) 0.57 cd (5) 163.65 cde (6)
UC-110-30 438.26 ab (2) 4.66 be (5) 1.85 be (5) 0.32d (10) 96.15 fg (11)

Genotype p-Coumaric acid  o-Coumaric acid Luteolin Apigenin
‘Arbequina’ 2.79 ab (3) 10.25b (3) 3.36b(7) 1.88 abc (8)

‘Frantoio’ 1.69 cde (9) 8.66 be (7) 3.43b(6) 1.97 abc (4)
‘Picual’ 2.57 abc (5) 5.19 ¢d (10) 3.55b(4) 1.98 abc (3)
UC-I 2-68 2.11 bed (6) 8.90 b (6) 2.63b(11) 1.25¢c (12)
UC-1 4-62 1.30 de (11) 4.22d(12) 3.19b (8) 1.57 be (10)
UC-15-44 2.01 bed (7) 9.78 b (5) 5.01a(l) 1.92 abc (7)
UC-16-9 3.10a(2) 10.77 b (2) 3.91 ab (3) 1.92 abc (6)
UC-17-8 3.13a(1) 6.90 bed (8) 4.83a(2) 2.46a(l)
UC-17-34 1.57 de (10) 1523 a (1) 3.18b (9) 1.47 c (11)
UC-I 7-60 1.99 bed (8) 6.87 bed (9) 3.53b(5) 2.30 ab (2)
UC-19-67 2.60 abc (4) 9.79b (4) 3.00b (10) 1.59 be (9)
UC-110-30 091 e (12) 5.02 cd (11) 2.62b (12) 1.97 abc (5)

Different letters in a column indicate significant differences (Duncan test, 0.05). Numbers in brackets indicate the ranking of each
genotype for each component. ‘Arbequina’ x ‘Picual’: UC-I 6-9; UC-I 7-8; UC-19-67. ‘Picual’ x ‘Arbequina’: UC-I 2-68; UC-I 5-44;
UC-I 7-34. ‘Frantoio’ x ‘Picual’: UC-I 4-62; UC-1 7-60; UC-I 10-30.

Table 3. Evolution along ripening of total phenols content (mg gallic acid equivalent (GAE) kg
of oil) in the advanced selections and genitors

Total phenols
Genotype

RI, RI, RI, RI; RI,
‘Arbequina’ 182.96 197.38 132.84 95.61 -
‘Frantoio’ - 744.47 305.31 318.57 198.76
‘Picual’ - - 279.18 193.69 167.83
UC-110-30 - 660.51 361.27 431.41 182.02
UC-I 2-68 220.12 160.64 113.96 152.94 -
UC-1 4-62 449.88 271.59 202.75 151.43 -
UC-I 5-44 633.51 491.14 396.36 380.73 -
UC-16-9 362.94 185.25 103.37 128.38 -
UC-17-34 - 425.74 553.61 204.34 104.96
UC-1 7-60 430.57 491.72 324.69 283.27 -
UC-17-8 - 246.82 109.44 60.07 62.91
UC-19-67 306.18 166.24 86.807 - -
p % sk * NS NS

RI-RI,, ripening index categories. Significant differences between genotypes in a common ripening
category (column) are indicated (NS, non significant;*, p < 0.05; **, p < 0.01).
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Table 4. Mean total phenols (mg gallic acid equivalent (GAE) kg™ of 0il), and mean tyrosol and va-
nillic acid contents (mg kg™ of 0il), and dialdehydic form of elenolic acid linked to hydroxytyrosol
(3,4-DHPEA-EDA) contents (mg of oleuropein kg™ of oil) by ripening indexes
Ripening index Total phenols Tyrosol Vanillic acid 3,4-DHPEA-EDA
RI, 359.18 a 2.86 a 1.29a 259.7 a
RI, 328.07 ab 2.05b 0.76 b 208.24 b
RI, 244.50 b 144 ¢ 047 ¢ 142.59 ¢
RI; 247.15b 145¢ 0.34 cd 116.51 cd
RI, 146.08 ¢ 095¢ 0.20d 91.08d
Different letters in a column indicate significant differences (Duncan test, 0.05); RI0-RI4, ripening
index categories.
Table 5. Example of evolution of some individual phenols contents of different VOOs during fruit ripening
Hydroxytyrosol 3,4-DHPEA-EDA
Genotype
RI, RI, RI, RI, RI, RI, RI, RI, RI, RI,
‘Arbequina’ 3.11 5.07 431 3.74 - 245.43 187.88 162.00 112.07 -
‘Frantoio’ - 3.83 4.33 4.08 3.53 - 182.52 128.00 138.45 102.93
‘Picual’ - - 5.74 3.73 4.86 - - 107.17 70.23 73.46
UC-110-30 - 3.77 4.75 4.46 7.25 - 133.47 104.03 82.95 71.75
UC-12-68 3.80 3.88 4.21 3.90 - 255.12 157.22 117.22 109.73 -
UC-14-62 3.52 4.01 4.11 3.95 - 168.64 108.13 87.41 92.92 -
UC-15-44 7.12 7.75 7.19 6.09 - 422.39 328.00 269.90 286.55 -
UC-1 6-9 4.36 4.14 3.89 4.82 - 205.88 106.96 63.25 68.35 -
UC-17-34 8.83 9.07 6.74 5.50 - 470.28 277.69 195.48 99.56
UC-17-60 6.14 4.38 4.60 4.39 - 232.35 277.92 121.98 132.87 -
UC-17-8 - 3.99 3.28 2.68 2.97 - 241.72 152.38 91.67 114.16
UC-19-67 5.00 4.47 3.11 - - 215.05 154.53 124.39 - -

RI,-R1,, ripening index categories. Significant differences between genotypes in a common ripening category (column) are indicated

(NS, non significant;*, p < 0.05; **, p < 0.01; ***, p < 0.001).

Table 6. Pearson correlations between all studied traits

Total Hydroxy- Vanillic 3,4-DHPEA- p-Coumaric o-Coumaric .
RI phenols t};frosoly Tyrosol acid EDA ! acid acid Luteolin
RI 1
Total phenols -0.31%** ]
Hydroxytyrosol NS 0.47%%% ]
Tyrosol —0.39%**  (.44%* 0.45%** |
Vanillic acid —0.50%** NS 0.31%**  0.50%*%* 1
3,4-DHPEA-EDA  —0.53***  (.53*%*  (.55%** (.44 0.60%** 1
p-Coumaric acid NS NS NS NS NS NS 1
0-Coumaric acid NS 0.27** 0.52%%x* NS 0.25%* 0.40%** 0.24%* 1
Luteolin NS NS NS NS NS (.34 0.57*%* NS 1
Apigenin NS NS NS NS NS NS 0.54%** NS 0.59%**

RI, ripening index; **, p < 0.01; ***, p < 0.001.

phenols content, tyrosol, vanillic acid and 3,4-DHPEA-
EDA. Significant correlation coefficients were also
found between hydroxytyrosol and total phenols, be-
tween hydroxytyrosol and tyrosol, and between tyrosol
and vanillic acid.

Principal component analysis (PCA) showed that
62% of the total variance was associated to the first two
principal components: the first component accounted
for 36% of total variance and was positively correlated
to hydroxytyrosol, tyrosol, vanillic acid, 3,4-DHPEA-
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EDA and o-coumaric acid; the second component ac-
counted for 26% of total variance and was mainly
positively associated with apigenin, p-coumaric acid
and luteolin. However, in spite of the relationship be-
tween RI and some of the analyzed components, no
special grouping was found in the scores biplot of the
PC1 and PC2 according to the RI of samples (data not
shown).

Discussion

The comparison of phenolic profile between geno-
types in an olive breeding program focused on improv-
ing VOO quality is of great importance, not only at
initial selection but also in case of comparison between
advanced selections, in order to attain a correct and
effective selection of the genotypes with higher content
in total and individual phenols. The results obtained in
this study reveal that comparison of phenolic profile
between genotypes across harvesting dates could be
highly influenced by their different fruit ripening pat-
terns. A previous study underlined the need for using
objective criteria (such as olive fruits skin color) dif-
ferent from progressive sampling dates for a good es-
timation of fruit maturity, facilitating in this way the
monitoring of the effect of olive ripening on the chang-
es of the phenolic compounds in the VOO (Yousfi et al.,
2000).

On the other hand, the influence of the genotype
seems to be greater than that of the ripening index and
interaction on both total phenols content and individ-
ual phenols content, except for tyrosol, luteolin and
apigenin where the interaction genotype x RI was the
main contributor. This information constitutes an im-
portant aspect for determining the selection protocols
in the olive breeding programs. These results are in
agreement with other works showing that genetic vari-
ability is the main factor affecting phenolic composition
(Montedoro & Garofolo, 1984; Brenes et al., 1999).
Conversely, Skevin et al. (2003) showed that ripeness
of olive fruits exerts greater effect than cultivars on the
total phenols content of olive oils. The differences
among the selections evaluated in this work were sig-
nificant only at the initial stages of ripening, when the
phenolic content was higher; then, these differences
smooth away at the end of the ripening process. As a
consequence, for an effective selection of genotypes
with an improved VOO phenolic composition in olive
breeding programs, fruits must be harvested at the

initial stages of ripening. The obtained values for total
phenols content and for individual phenols content are
comparable to those provided for the corresponding
compounds by Brenes et al. (1999), Krichene et al.
(2007), Tura et al. (2007), Baccouri et al. (2008), and
Gomez-Rico et al. (2008) with some discrepancies
probably originated from differences in the analytical
methods or from genetic and other agronomic factors
such as irrigation, pedo-climatic conditions, sanitary
status of the fruits and/or alternate bearing. Also, the
high variability among genotypes for phenolic compo-
sition was obtained in other studies (Gallina-Toschi
et al., 2005; Torres & Maestri, 2006; Krichene et al.,
2007). The overall evaluation of the advanced selec-
tions presented in Table 2 showed the particularly high
content of total phenols and of the main individual
phenols of the advanced selection ‘UC-I 5-44°.

On the other hand, a significant decrease of total
phenols content during ripening was previously re-
ported (Skevin et al., 2003; Rotondi et al., 2004; Bac-
couri B. et al., 2007). This decrease was most likely
correlated with the increased activity of hydrolytic
enzymes observed during ripening (Amiot et al., 1989).
Similar results have been obtained in this work, with
a significant decrease in total phenols content during
the ripening period (Table 4). However, other studies
have reported an increase in total phenols content to a
maximum level at the ‘reddish’ and ‘black’ pigmenta-
tion, the content decreasing drastically as ripening
progressed (Salvador et al., 2001; Conde et al., 2008).
A similar pattern of total phenols evolution during
ripening was observed in some of the genotypes eval-
uated in this study (‘UC-1 7-34’, “‘UC-I 7-60’ and ‘Ar-
bequina’), in which a slight, not significant increase in
total phenols content was observed at the initial stages
of the ripening process (Table 3). Therefore, early
harvesting should be recommended to obtain high
content of phenolic compounds, although the evolution
of other parameters such as total oil content, extract-
ability, sensory properties and fruit detachment force
should be also taken into account to determine the
optimal harvesting period (Garcia et al., 1996; Beltran
et al.,2004; Dag et al., 2011).

The evolution of individual phenols throughout the
ripening period of olive fruits has been studied by
several authors with contradictory results. Results
similar to those obtained in this work have been re-
ported for 3,4-DHPEA-EDA (Brenes et al., 1999;
Bonoli et al., 2004; Gallina-Toschi et al., 2005; Yous-
fi et al., 2006), p- and o-coumaric acids (Brenes et al.,
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1999; Bonoli et al., 2004), luteolin and apigenin con-
tent (Yousfi et al., 2006). However, different patterns
have also been reported on evolution of these com-
pounds during ripening, namely: (a) Gomez-Rico et al.
(2008) found a significant decrease of tyrosol content
in ‘Picolimon’ cultivar, but a significant increase in the
case of ‘Picual’ and ‘Morisca’; (b) several works re-
ported no changes in vanillic acid content during ripen-
ing progress (Brenes et al., 1999; Bonoli et al., 2004;
Yousfi et al., 2006); and (¢) an increase in o-coumaric
acid and luteolin during ripening has also been re-
ported (Brenes et al., 1999; Baccouri et al., 2008).

The decrease in 3,4-DHPEA-EDA is generally ac-
companied by an increase in hydroxytyrosol content
with ripening, probably due to gradual hydrolysis of
oleuropein first to the aglycon form and then, to hy-
droxytyrosol (Brenes et al., 1999; Baccouri et al., 2008;
Jemai et al., 2009). However, other studies reported
that both 3,4-DHPEA-EDA and hydroxytyrosol de-
creased along ripening (Morelld et al., 2004; Damak
et al., 2008). This could be due to the fact that oleuro-
pein, in irrigated conditions such as in this experiment,
may disappear in the fruits and be transformed into
phenolic oligomers, as described by Cardoso et al.
(2006). These authors reported that the polymerization
of oleuropein explained the decrease of its concentra-
tion with the formation of phenolic oligomers and, thus,
the decrease in the hydroxytyrosol content during rip-
ening. In this work, no significant differences in hy-
droxytyrosol content was found through the ripening
period, although the content of 3,4-DHPEA-EDA de-
creases with ripening.

The results confirm the inverse relationships between
RI and total phenols content, tyrosol, vanillic acid and
3,4-DHPEA-EDA. In addition, the relationships among
phenolic compounds may be due to the same biosyn-
thetic pathway of these compounds. Some of the cor-
relations showed in this study were also found by Tura
et al. (2007). The principal component analysis reflects
the main correlation between the characters above
mentioned. However, no special grouping either for
genotypes or ripening index could be identified. This
reflects the high variability for these components in
any of the RI evaluated.

In summary, high differences in fruit ripening pat-
terns have been observed between genotypes, which
underlined the need for using objective criteria (e.g. RI
instead of sampling dates) to compare phenolic profiles
between genotypes. The results obtained indicate that
genotype variance was the main contributor to total

variance both for total phenols content and the main
individual phenols studied, although the RI effect was
significant in some cases. Also significant differences
between genotypes were obtained for all the characters
evaluated and clear pattern evolution was observed for
some of them throughout the ripening process. Some
selections with higher content of all examined pheno-
lic compounds than the genitors were observed, which
confirm the possibility of obtaining new cultivars with
enhanced phenol concentration by cross breeding. It
should be noted that, for all the evaluated characters,
significant differences between genotypes were more
clearly observed at the initial stages of ripening (RI,
and RI,, corresponding to ‘yellowish’ to ‘reddish spots’
peel color). These results improve our knowledge about
the variation of phenolic compounds along fruit ripen-
ing and suggest a strategy based on early harvesting of
fruits (at the first three ripening indexes) for better
comparison and selection of genotypes in further
crosses in olive breeding programs aiming at improving
the quality of virgin olive oil.
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