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Influence of the ripening stage and crushing

temperature on polyphenols content of extra virgin
olive oil

Nuria Jiménez-Ruiz !
1 Department of Nutrition, Food Science and Gastronomy, Faculty of Pharmacy and Food Sciences,
University of Barcelona, 08028 Barcelona, Spain; nuriajimenezr@outlook.es (N.J.-R)

Resum: L’oli d’oliva verge extra (OOVE) conté polifenols que protegeixen el colesterol LDL de
I'oxidacié. La seva concentracié depen de diferents factors agraris i técnics, com ara l'estadi de
maduracié i la temperatura de trituracié. L’objectiu d’aquest treball va ser avaluar l'impacte
d’aquests dos factors en el perfil fenolic de 'OOVE de “Corbella”.

Els polifenols de ' OOVE es van mesurar a tres graus de maduracié (index de maduresa (IM) = 0,3;
IM =1,2; IM = 3,2) i tres temperatures de trituracié (10 °C, 18 °C i 25 °C). Aquests compostos es van
analitzar mitjangant cromatografia liquida d’alta eficacia acoblada a un espectrometre de masses en
tandem. Les conclusions a les que es podria arribar després de finalitzar el treball son que la suma de
polifenols disminueix quan augmenta la temperatura de trituracié, pero augmenten polifenols
individuals com I'oleocantal o I’oleaceina. A més, els polifenols totals disminueixen amb la maduresa
de la fruita. En canvi, augmenten les flavones, l'aglicona d’hidroxioleuropeina, I’acetat
d’hidroxitirosol i els lignans.

Abstract: Extra virgin olive oil (EVOO) contains polyphenols, which protect LDL cholesterol from
oxidation. Its concentration depends on different agrological and technical factors, such as the
ripening stage and the temperature of crushing. The aim of this study was to evaluate the impact of
these two factors on the ‘Corbella” EVOO phenolic profile.

The polyphenols were measured at three degrees of ripeness (maturity index (IM) = 0.3; IM =1.2; IM

= 3.2) and three crushing temperatures (10 °C, 18 °C and 25 °C) in EVOO. These compounds were
analysed by ultra-high-performance liquid chromatography coupled to a tandem mass spectrometer.
The conclusions that could be reached after completing the work are that the sum of polyphenols
decrease when the crushing temperature is increased, but individual polyphenols like oleocanthal or
oleacein increase. Further, total polyphenols decrease with fruit maturity. Instead, flavones,
hydroxyoleuropein aglycone, hydroxytyrosol acetate and lignans increase.

Keywords: olive; oil; polyphenols; crushing; ripening; oleocanthal; oleacin

1. Introduction

Extra-virgin olive oil (EVOO) has a unique fatty acid composition. In addition, it has
polyphenols, which are responsible of its functional properties, as prevention of cardiovascular
diseases, and high oxidative stability during storage (1,2). According to the European Union they
contribute to the protection of blood lipids from oxidative stress so they protect LDL cholesterol from
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oxidation (3). Polyphenol concentration depends on different agrological and technical factors, such
as the ripening stage and temperature of crushing, between others (4,5).

It has been proved that the content of phenolic compounds in virgin olive oil is affected by the
malaxation temperature and mixing time (6), during the extraction the endogenous enzymes play a
key role in the EVOO phenolic profile, as well as the non-enzymatic oxidation (7,8); literature
indicates that most phenolic compounds decrease with the malaxation time, in the case of oleocanthal
and oleacein increased instead (9). Others authors point out that there is a difference between olive
oil varieties (10,11). Also, the cultivar, the ripening stage, and even the harvesting method have an
influence on their content that affect the organoleptic and pysico-chemical profile (12-14).
Furthermore, it is also important to take into account the partition coefficient of the polyphenols,
mostly the hydrophilic, in the water-oil mixture (15).

For all these, in this study the effect of crushing temperature and ripening index on the phenolic
content of EVOO was studied. The EVOO studied was 'Corbella’ monovarietal oil a very aromatic
virgin oil, with diverse connotations of ripe fruits, apples and herbs. This variety has prevalence in
the Bages and the 'Vera' in the Valles Oriental, but it can be find outside these regions scattered
throughout the regions of La Segarra, La Noguera, Solsones, Alt Urgell and Pallars Jussa, where it is
called 'Llargueta’ (16,17). Due to historical reasons, its cultivation was stopped but nowadays work
is underway to recover the production of these olive trees and, consequently enhancing biodiversity.
It is interesting in softening bitter oils, adding chromatic complexity. Its low stability makes it
advisable to closely monitor the storage and packaging conditions (18), making it interesting to
increase its polyphenolic content to enhance its stability. Its most common characteristics are:

Fruit Pulp/pine | Oil C18:1 | SAT | MONOINSAT | POLIINSAT | Total K235 | Stability
weight | ratio content | (%) (%) (%) (%) polyphenols (h a 120
(® (% (mg / kg) °C)
over
dry)
2.31 3.67 48.34 67.76 | 15.72 69.80 14.48 202.0 0.205 5.0

Table 1. Corbella fruit characteristics from Ninot et al. (2015) (16)

Due to the low polyphenols content and the high level of polyunsaturated fatty acids, it has low
stability, which results in a short shelf life of the oils of these varieties. In order to keep evaluate the
concentration of these compounds, it was determined the differences in EVOO polyphenol content
between three types of three harvest days and three crushing temperatures.

2. Materials and Methods

2.1. Chemicals and standards

Acetonitrile, methanol (99.9%), formic acid, and acetic acid were purchased from AppliChem,
Panreac Quimica SA (Barcelona, Spain). Hexane, p-coumaric acid, luteolin, oleuropein, oleocanthal,
and pinoresinol were purchased from Sigma-Aldrich (St. Louis, MO, USA). Hydroxytyrosol was
acquired from Extrasynthese (Genay, France) and apigenin from Fluka (St. Louis, MO, USA).
Ultrapure water was obtained using a Milli-Q purification system (Millipore, Bedford, MA, USA).

2.2. Extraction of the oil

2.2.1. Olives and oil
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The fruit came from old olive trees (over 50 years old), grown in dry land in Oli Migjorn
plantation from Bages. Oli Migjorn is a project addressed to the cultivation of olive trees and the
production of organic extra virgin olive oil. The recovery of local varieties and synergy with the
territory are one of its main objectives.

The oil is described as a fruity profile and a medium green colour with ripe touches. In the mouth
it has an intense spicy and bitter balanced with sweet, and an appreciable astringency that is positive
and does not interfere with the profile. Secondary aromas of vegetable type, with connotations of
vegetable plants (artichoke, almond), as well as other ripe tomatoes, notes of almond and walnuts in
the mouth.

2.2.2. Ripening study

The fruit was collected in three different moments (25/09/17, 9/10/17 and 25/10/17), the ripening
index for each harvest was calculated according to the method described by Uceda and Frias (1975),
explained before in another paper (19). The stages were: between 0-1, 1-2 and 2-3. The oil was
extracted by the method of Abencor (“Ingeniria y Sistemas, Sevilla”), which reproduces the industrial
process on a laboratory scale. The olives were crushed in a 5 mm diameter sieve and the olive paste
was placed in a 28 °C malaxator for 30 min. Then, it was centrifuged at 3,000 rpm for 3 min., without
the addition of talcum powder or hot water. The oil obtained was separated by decantation,
transferred to amber glass bottles and stored in the freezer (-20 °C) until further analysis. Three
repetitions were carried out for each ripening stage.

2.2.3. Crushing temperature study

Other samples of healthy olives (at a maturation stage of 3.2) were washed and heated to three
different temperatures: 10 °C, 18 °C and 25 °C in a water bath. Once the desired temperature had been
reached, they were crushed in a 5 mm diameter sieve and the obtained paste is placed in a malaxator
at 18- 19 °C for 30 min. It was then centrifuged at 3,000 rpm for 3 min., without the addition of talcum
powder or hot water (3 repetitions were performed per temperature tested). The oil obtained was
separated by decantation, transferred to amber glass jars and stored in a freezer (-20 °C) until further
analysis.

2.3. Extraction and analysis of phenol compounds

The extraction of polyphenols from olive oil was carried out using the method of Capriotti et al.
(2014) (20). In a centrifuge glass tube, 0.5 g of oil was weighed. It was added 1 mL of hexane and 2
mL of MeOH4:1H20, the dispersion was mixed in a stirrer for 30 seconds and then centrifugated for
3 minutes at 3,000 rpm at 4 °C. The two phases were separated, the methanol phase was defeated
with 1 mL of hexane and the oil phase was reextracted with 2 mL of MeOH4:1H20O. The methanolic
extracts were combined and evaporated under a stream of nitrogen to dryness. It was then
reconstituted with 800 uL of H20:Methanol (80:20 v/v). It was finally filtered with 0.2 um PTFE
syringe filters and transferred to an 2mL topaz vial and stored at -80 °C until analyses.

To quantify the olive oil polyphenols it was used the methodology proposed by Suérez et al.
(2008) which consist on a UPLC-MS/MS (21). It was used an AcquityTM UPLC (Waters; Milord, MA,
USA) with an API 3000 triple-quadruple mass spectrometer (PE Sciex, Framingham, MA, USA)
coupled the source of iron spray was a turbo. Compound separation was accomplished using an
Acquity UPLC® BEH C18 column ((2.1x50 mm, id, 1.7 um particle size) (Waters Corporation®,
Wexford, Ireland)) and an Acquity UPLC® BEH C18 Pre-column ((2.1x5 mm, id, 1.7 pm particle size)
(Waters Corporation®, Wexford, Ireland)). Chromatographic conditions were detailed in previous
work of the group (19).
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Furthermore, in the experiment, the following polyphenols were also quantified with a different
method: oleochantal, oleacein, oleuropein aglycone and ligstroside aglycone. It was carried out with
an adjustment of the method described by Sanchez de Medina et al. (2017) (22). The chromatographic
and mass equipment was the same used for the rest of phenolic compounds and the exact analytical
conditions are explained elsewhere (19).

The quantification of the compounds was done with a curve made in refined olive oil. The
stardards used for the quantitation were apigenin for apigenin; oleocanthal for oleocanthal;
oleuropein for hydroxytyrosol acetate, elenolic acid, hydroxyoleuropein aglycone, methyloleuropein
aglycone and hydroxyelenolic acid; oleacein for oleacein; oleuropein aglycone for oleuropein
aglycone and ligstroside aglycone; hydroxytyrosol for hydroxytyrosol; luteolin for luteolin; p-

coumaric acid for p-coumaric acid and m-coumaric acid; and pinoresinol for pinoresinol.

2.4. Statistical analyses

The normality of the data was tested by the Q-Q plot diagnostic graphic. After viewing the
results, all subsequent tests performed were non-parametric. To assess differences between groups
Kruskal-Wallis test was performed and the post-hoc test was the pairwise Mann—-Whitney U-test. All
the statistics were performed with R Project for Statistical Computing 3.6.0.

3. Results

3.1. Ripening study

The results of the maturity assay are showed in Table 2. Total polyphenols decrease with fruit
maturity. However, in the case of flavones and lignans their concentration increases with the

maturity index (IM). Phenolic alcohols increase at the beginning of the maturation but then their

concentration decreases.

Maturity Index (mg/kg)
Group/Compound 25/09/2017 (IM=0.3) 09/10/2017 (IM=1.2) 25/10/2017 (IM=3.2)
Total Polyphenols 566151 (a) 484127 (b) 319+17 (c)
Secoiridoids 556451 (a) 473426 (b) 30617 (c)
Elenolic acid 272+10 (a) 229+16 (b) 125+10 (c)
Hydroxyelenolic acid 8.68+0.4 (a) 8.79+0.3 (a) 4.32+0.2 (b)
Hydroxyoleuropein aglycone |1.11+0.09 (a) 1.17+0.05 (a) 2.03+0.07 (b)
Ligstroside aglycone 15.1+0.8 (a) 11.9+0.5 (b) 9.00+0.5 (c)
Methyloleuropein aglycone 0.926+0.04 (a) 0.876+0.02 (a) 0.866+0.007 (a)
Oleacein 94.216 (a) 78.7+4 (b) 34.1+2 (c)
Oleocanthal 9.14+1 (a) 6.84+0.3 (b) 2.36+0.2 (c)
Oleuropein aglycone 15516 (a) 13543 (a) 98+4 (a)
Phenolic alcohols 1.34+0.2 (a) 2.1620.1 (b) 0.7150.04 (c)
Hydroxytyrosol 1.27+0.08 (a) 0.67620.06 (b) 0.458+0.05 (c)
Hydroxytyrosol acetate 0.0763+0.02 (a) 0.107+0.01 (a) 0.205x0.02 (b)
Flavones 0.903+0.09 (a) 1.15+0.08 (b) 2.73+0.4 (c)
Apigenin 0.488+0.01 (a) 0.824+0.06 (b) 2.23+0.2 (c)
Luteolin 0.414+0.02 (a) 0.324+0.04 (a) 0.695+0.04 (a)
Phenolic acids 2.12+0.3 (ab) 2.16+0.06 (b) 1.90+0.1 (a)
m-coumaric acid 1.53+0.04 (a) 1.47+0.03 (a) 1.42+0.03 (b)
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p-coumaric acid 0.590+0.05 (ab) 0.687+0.05 (b) 0.503+0.04 (a)
Lignans 5.57+0.8 (a) 6.56+0.7 (a) 7.84+0.8 (b)
Pinoresinol 5.57+0.8 (a) 6.56+0.7 (a) 7.84+0.8 (b)

Table 2. Different letters within the same row mean significant differences (p-value < 0.05) according to the Kruskal-Wallis test.

3.2. Crushing temperature study

The results of the study of the phenolic profile at different crushing temperatures can be seen in
Table 3. Total polyphenols decrease with crushing temperature, a significant difference is observed

between 10 °C and 18 °C. The groups follow the same trend although there are compounds, such as
oleocanthal, which concentration increases.

Crushing temperatura (mg/kg)
Group/Compound 10 °C 18 °C 25°C
Total Polyphenols 361+15 (a) 337+17 (b) 331420 (b)
Secoiridoids 346+14 (a) 325417 (b) 32119 (b)
Elenolic acid 19118 (a) 175210 (a) 17124 (b)
Hydroxyelenolic acid 7.44+0.5 (a) 6.06+0.5 (b) 6.13+0.3 (b)
Hydroxyoleuropein aglycone 2.14+0.08 (a) 1.7240.1 (b) 1.74+0.08 (b)
Ligstroside aglycone 10.0+0.2 (a) 8.96+0.5 (b) 8.47+0.1 (c)
Methyloleuropein aglycone 0.865+0.009 (a) 0.867+0.006 (a) 0.867+0.004 (a)
Oleacein 16.5+0.6 (a) 29.7+2 (b) 35.2+1 (c)
Oleocanthal 0.953+0.09 (a) 2.0520.1 (b) 2.42+0.2 (c)
Oleuropein aglycone 117+2.96 (a) 97.245 (b) 95.1+2 (b)
Phenolic alcohols 0.789+0.1(a) 0.450+0.05 (b) 0.393+0.04 (b)
Hydroxytyrosol 0.585+0.04 (a) 0.279+0.03 (b) 0.288+0.04 (b)
Hydroxytyrosol acetate 0.204+0.02 (a) 0.157+0.01 (b) 0.104+0.01 (c)
Flavones 3.7420.2 (a) 3.04+0.2 (b) 1.91+0.09 (c)
Apigenin 2.85+0.2 (a) 2.28+0.1 (b) 1.43+0.07 (c)
Luteolin 0.894+0.09 (a) 0.666:+0.04 (a) 0.486+0.05 (c)
Phenolic acids 2.08+0.09 (a) 1.79+0.2 (b) 1.65+0.009 (b)
m-coumaric acid 1.49+0.04 (a) 1.43+0.04 (ab) 1.38+0.03 (b)
p-coumaric acid 0.59620.06 (a) 0.325+0.02 (b) 0.270+0.04 (b)
Lignans 8.06+1 (a) 6.9910.8 (ab) 5.9910.8 (b)
Pinoresinol 8.06x1 (a) 6.9910.8 (ab) 5.9910.8 (b)

Table 3. Different letters within the same row mean significant differences (p-value <0.05) according to the Kruskal-Wallis test.

4. Discussion

4.1. Ripening study

In the sense of the effect of ripening stage to the amount of phenols, there is a decrease in
phenolic concentration (the final value corresponds to 44% less than the initial one) with the ripening
index. This could be caused by the endogenous enzymes present in the olive drupes, such as
esterases, polyphenol oxidases and [(-glucosidases, which degrade the phenols during the
maturation process (7,8,23). These results are in agreement with other papers which have seen the
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same effect (23-26). One of these works with Frantoio and Manzanilla EVOO shows a gradual
decrease from the first ripening index to the fifth (24). Although, others indicate that this effect does
not begin until the 2.5-3 ripening index (23).

The concentration of secoiridoids is greatly affected with the harvest time (7,27,28). All of them
decrease except in the case of the hydroxyoleuropein aglycone that increases, that may be due to the
fact that the enzymes degrade the oleuropein and the ligstroside increasing the concentration of the
aglycone. This group is the most present in the EVOO and many benefits are attributed to it. The role
of oleocanthal on Alzehimer's disease should be emphasized, it has been shown that prevents the
accumulation of (3-amyloid proteins and facilitate their elimination both in vitro and in vivo (29,30).

Speaking of phenolic alcohols, the concentration of hydroxytyrosol decreases (28), while that of
hydroxytyrosol acetate increases. This can be explained by the fact that the acetate form can be found
as a part of more complex compounds like oleacein, oleuropein, and verbascoside and when they are
degraded the free acetate form increases (31). In the case of hydroxytyrosol, which is also a
degradation product, its decrease in its concentration could be because it is more labile than acetate.
This fact is interesting since the EFSA consider that to bear the claim (for protection of LDL particles
from oxidative damage) people must consume at least 5 mg of hydroxytyrosol and its derivatives
(12). Therefore, it would not be wise to increase the maturity index since it decreases hydroxytyrosol
much more than acetate increases.

In the case of flavones, an upward trend is observed that is comparable with other studies such
as that of Bengana et al. (2013) (32). In the droplet we find the glycosidic forms and during the
maturation -glucosidase breaks down the bond with the sugar, making the compounds more
soluble in oil. Then, during the extraction the flavones are more retained in the oil than the ones that
are in the water, compared to the previous maturity stage. Similar results are found in other studies
(33,34). Although looking specifically at the compounds other studies found that luteolin increased
and apigenin was maintained with Hojiblanca, Picual and Picudo (35) or even decreased with
Arbequina variety (36). The differences in behavior during maturation can be attributed to the fact
that they are different varieties, therefore, the composition and the endogenous enzymes may also
change (13,37).

The group of phenolic acids shows a decrease between the first and second stage; although the
concentration decreases, it varies very little. This effect has already been observed in other
evaluations (34). Against, there are studies indicating that there could be an increase in these
compounds which would be explained by hydrolytic enzymes on the droplet (28,38).

In the case of lignans if the first stage is compared with the last pinoresinol increases a 41%
approximately. There are two different compounds: acetoxypinoresinol and pinoresinol in oil (39), it
is possible that acetoxy degrades and forms pinoresinol and therefore it increases.
Acetoxypynoresinol is not within the limits of detection, so it is not in the results, but it may be
degraded and in doing so pinoresinol is formed, which is quantified. It is a very stable compound,
because of this it is not lost during ripening. This group seems to have an inhibitory activity in front
of the growth of cancer cells, in addition to having antiestrogenic effects (40,41).

4.2. Crushing temperature study

The amount of total polyphenols decreases when the temperature is increased (specifically about
8% between 10 °C and 25 °C), fact that has already been observed previously in a different study (42).
It has been observed that the greatest change occurs between 10 °C and 18 °C, while from this to 25
°C there is no significant difference. Instead, Caponio et al. (2002) evaluated olives of Cima di Bitonto
cultivar and obtain that with three crusher temperature (12 °C, 16 °C and 20 °C) gradually decreased
the phenol content. If the temperature to which the paste is subjected during crushing varies, in the
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next step, which is malaxation, the paste will have a certain temperature. Depending on whether it is
colder or hotter, it can trigger a series of variations such as changing the phenolic profile or having
more or less enzymatic activity (like polyphenol oxidase and peroxidase) and chemical activity
during the process (43). As seen in other studies in which the temperature of the malaxation stage is
controlled the greatest losses in experiments were found when temperature was raised from 25 °C to
35 °C (44). Furthermore, it cannot be ignored that the quality of the oil depends on the composition,
its oxidative stability and its sensorial and chemical characteristics, lower malaxation temperatures
avoided any negative organoleptic attributes and undesired chemical compounds formation (45).

In the case of secoiridoids, at high temperatures the oleuropein aglycone and ligstroside
aglycone are degraded, resulting in oleacein and oleocanthal possibly due that during crushing and
malaxation, 3-glucosidases and esterases are released from the flesh and the seed in the pit and they
can interact easily with the phenols, depending on the temperature they are more active and stable.
Hence, oleacein and oleacanthal increase at higher temperatures because they are formed by the
degradation of oleuropein and ligstroside aglycones, thanks to the increase in temperature the
kinetics of the reaction increases (46). It would be important to find an equilibrium since high
concentration of oleocanthal and oleacein might be desirable due to their health properties (47);
however other polyphenols may be degraded.

The group of phenolic alcohols, both hydroxytyrosol and hydroxytyrosol acetate, decreased by
51% and 49% respectively between 10 °C and 25 °C. While hydroxytyrosol undergoes a great change
between temperatures of 10 °C and 18 °C, the acetate form does it progressively. EFSA has recognized
a claim on hydroxytyrosol and its derivatives. Therefore, by decreasing the concentration of these, is
also decreasing the probability that the final consumer can reach the established dose and that a
protection of LDL particles from oxidative damage (12).

In the case of flavones, there is a difference of 49% between the first and last crushing
temperature EVOOs. Being the lowest temperature where more quantity is obtained. If we compare
it with another study that works with Ayvalik oils those who are obtained at 27 °C have a higher
concentration in luteolin compared to oils obtained at malaxation temperatures of 37 °C and 47 °C
(48).

The effect of the group of phenolic acids closely resembles that of total polyphenols since the
decrease is observed between the temperature of 10 °C and 18 °C. This fact is due to the fact that at
such low temperature phenolic compounds do not degrade or degrade very little, on the other hand
the degradation increases substantially at 18 °C and that between 18 °C and 25 °C this difference is
no longer observed.

Finally, although a less change can be observed lignans also decrease with temperature, which
could be compared with another study that indicates that the concentration of this group is
maintained with the change in temperature during malaxation (49).

5. Conclusions

Total polyphenols when the crushing temperature is increased, they decrease, but individual
polyphenols like oleocanthal or oleacein increase. Total polyphenols decrease with fruit maturity.
Instead, flavones, hydroxyoleuropein aglycone, hydroxytyrosol acetate and lignans increase. Then
for obtaining a “Corbella” EVOO rich in phenolic compounds early harvest and low crushing
temperature are necessary. On the contrary, if the concentration of some individuals phenols as
oleocanthal or oleacein is desired, due to their health properties, a moderate crushing temperature
would be required.
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In consideration of these results, the aim of future research could be to study the enzymatic

activity according to maturity index or how the temperature affects fruits collected at different times.
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