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Abstract

Alperujo or olive oil waste was hydrothermally treated at 160 C for 60 min to increase
the phenols in the liquid phase. The extract obtained from the liquid using ethyl
acetate extraction was divided into 27 phenolic fractions using adsorbent and
polyamide resins. Phenolic alcohols and acids, secoiridoid molecules, elenolic acid
derivatives, flavonoids, verbascoside, degradation products of sugar and a polymeric
phenolic fraction (PPF) were characterized using HPLC-ESI-MS. The antiradical activity,
ferric reducing power and the inhibition of primary and secondary oxidation were
examined for each fraction. Hydroxytyrosol was the most abundant phenol in the ethyl
acetate extract and possibly the main component responsible for the in vitro
antioxidant activity of the entire phenol extract. However, other phenolic and
secoiridoid molecules with interesting biological properties were also identified, and
the crude extract could be considered a potential source of natural antioxidants.

1. Introduction

Many epidemiological studies show that the Mediterranean diet provides protection
against a wide array of common chronic pathological conditions, including coronary
heart disease, cancer and neurodegenerative disorders (Pérez-Jiménez, 2005). This
effect may be attributed to many components of the diet, including the phenols that
exhibit free radical scavenging activity and protect organisms against oxidative damage
(Covas et al.,, 2006). Thus, the daily consumption of olive oil, rich in phenolic
compounds improves health by reducing oxidative damage to the human body.
However, after olive oil extraction, only a small percentage (1-2%) of the total phenols
present in the olive fruit remain in the oil, with the majority remaining in the olive mill
wastes like alperujo (two phase extraction system) that may be used as a promising
source of these phenolic compounds.

To increase the concentration of these phenols and to extract them in high yield from
alperujo, an environmentally friendly process based on hydrothermal treatment in
which an autohydrolytic process occurs has been developed (PCT/ES2011/070583). In
a previous study, phenols were selectively extracted from the autohydrolysis liquid
using ethyl acetate, yielding extracts with antioxidant activity levels comparable to
vitamin E (Rubio-Senent, Rodriguez-Gutiérrez, Lama-Mufioz, & Fernadndez-Bolafios,
2012).

The aim of this study was to determine the phenolic composition of the ethyl acetate
extract obtained after hydrothermal treatment of the alperujo at 160 °C for 60 min.
Fractionation of the extract is used to facilitate the characterization and identification
of the main phenolic and secoiridoid components. A second purpose of this study was
to assess the antioxidant activity of each fraction to determine the relative
contribution of the various compounds to the above activities for the entire phenolic
extract. This study will help to evaluate the use of this extract as a potential source of
natural antioxidants.

2. Materials and methods

2.1. Materials



The sample of alperujo was obtained in March 2009 from Picual olives processed at a
Spanish oil mill (Instituto de la Grasa, Seville).

2.2. Standard compounds

Hydroxymethylfurfural, protocatechuic acid, p-hydroxybenzoic acid, vanillic acid, p-
coumaric acid, caffeic acid and 3,4-dihydroxyphenylglycol were obtained from Sigma-
Aldrich (Deisenhofer, Germany). Tyrosol and 3,4-dihydroxyphenylacetic acid were
obtained from Fluka (Buchs, Switzerland). Oleuropein, verbascoside and luteolin-7-O-
glucoside were obtained from Extrasynthese (Lyon Nord, Geney, France). (t)-a-
Tocopherol 295% purchased from Sigma-Aldrich was used as reference compound.
Hydroxytyrosol was obtained using the method described by Fernandez-Bolaios et al.
(2002).

2.3. Thermal treatment

In total, 20 kg of alperujo was treated for 60 min at a fixed temperature of 160 °C in
the patented reactor (100 L). Then, the wet material was centrifuged at 4700 g
(Comteifa, S.L., Barcelona, Spain), obtaining 51 L of liquid, and an aliquot of 10 L was
collected for the experiment and was concentrated to 1 L.

2.4. Determination of the total phenolic content

The phenolic content was measured according to the Folin-Ciocalteu method and
expressed as grams of gallic acid equivalents per kilogram of fresh alperujo (Singleton,
& Rossi, 1965).

2.5. Phenol extraction

The liquid portions (1 L) obtained after treatment were washed with hexane (500 mL)
to remove the lipid fraction. The mixture was shaken vigorously, and the phases were
then separated by decantation and washed twice (De Marco, Savarese, Paduano, &
Sacchi, 2007).

Phenolic compounds were extracted with ethyl acetate (500 mL per 200 mL of sample)
using a continuous extraction at 77 °C for 8 h. The organic phase was rotary-
evaporated under vacuum at 30 °C.

2.6. Chromatographic fractionation of the ethyl acetate extract (EtOAc extract)

Approximately 12 g of EtOAc extract was dissolved in 60 mL of H,O0:MeOH (80:20). The
extract was passed through an open column of 3.5 cm in diameter and 40 cm in height
packed with the non-ionic resin Amberlite XAD16 (Vivaqua, Spain). The elution was
performed using 1 L of H,0, EtOH 30% (v/v), EtOH 50% (v/v) and EtOH 95% (v/v); ten
fractions of 100 mL each were collected and analyzed using HPLC, and those with
similar compositions were mixed, concentrated to 50 mL and passed through a second
column. This second column was 3.5 cm in diameter and 45 cm in height and filled



with polyamide (particle size = 50-160 mm, Fluka Analytica). The elution was
performed using 500 mL of H20, MeOH 25% (v/v), MeOH 50% (v/v), MeOH 75% (v/v)
and MeOH 100% (v/v). Ten fractions of 50 mL each were collected and monitored
using HPLC. Fractions with similar composition were combined (Fig. 1). In each
fraction, the phenols were identified using HPLC-DAD and HPLC-DAD-MS, and
quantified using HPLC-DAD.

2.7. Isolation of compounds of interest

The compounds that are not commercially available were purified on a silica gel
preparative TLC (Merck 60F254) and eluted with a mixture of chloroform and
methanol 8:2 (v/v). The different bands were identified by their absorption at 254 nm
and 366 nm.

2.8. HPLC-DAD

Quantitative evaluation of phenols content was carried out as described by Rubio-
Senent et al. (2012). Quantification was performed in triplicate using external
standards. Standards curve were linear in all cases (R? > 0.99).

2.9. HPLC-DAD-MS

The phenolic compounds were separated by HPLC as described above and identified by
the electrospray ionization mass data collected on a quadrupole mass analyzer (ZMD4,
Micromass, Waters Inc.; Manchester, U.K.). Electrospray ionization (ESI) mass spectra
were obtained at ionization energies of 50 eV and 100 eV in negative mode and 50 eV
in positive mode; the capillary voltage was 3 kV, the desolvation temperature was 200
°C, the source temperature was 100 °C, and the extractor voltage was 12 V. The flow
was maintained at 1 mL/min in split mode (UV detector MS) for each analysis.

2.10. Antiradical activity: 2,2-diphenyl-1-picrylhydrazyl (DPPH)

The free radical-scavenging capacity was measured using the DPPH method described
in a previous study (Rodriguez et al.,, 2005) and expressed as ECso (effective
concentration, mg/mL), calculated from a calibration curve using linear regression for
each antioxidant.

2.11. Antiradical activity: 2,20-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid)
(ABTS)

The ABTS assay was performed according to the method of Gongalves et al. (2009),
with some modifications described in a previous work (Rubio-Senent et al., 2012). The
results were expressed in terms of the Trolox equivalent antioxidant capacity (TEAC) in
mg/mL.

2.12. Reducing power



The reducing power assay was performed according to the procedure described in a
previous study (Rodriguez et al., 2005). The assay was calibrated using 6-hydroxy
2,5,7,8-tetramethylchroman-2-carboxylic acid (Trolox), and the results were expressed
in mg/mL TE (Trolox equivalent). To express the results, a calibration curve was created
by plotting A490 against the known concentration of Trolox (0.059-0.56 mg/mL
[correlation coefficient (R) = 0.9936].

2.13. Inhibition of primary oxidation

The method is based on the ferric thiocyanate (Sdnchez-Moreno, Larrauri, & Saura-
Calixto, 1999) with some modifications described in a previous work (Rubio-Senent et
al., 2012). The accumulation of hydroxyperoxides due to the oxidation of linoleic acid
was measured at 490 nm. The results are expressed as ECso (mg/mL).

2.14. Inhibition of secondary oxidation

The evaluation of the inhibition of secondary oxidation was based on thiobarbituric
acid method of Sdnchez-Moreno et al. (1999) with modifications. This assay was based
on thiobarbituric acid-reactive substances (TBARS) to measure the antioxidant ability
of the tested samples with a lipid peroxidation inducer. The results are expressed as
ECso (mg/mL).

2.15. Statistical analysis

Three replicates were performed for each assay. STATGRAPHICS® Plus software was
used for statistical analysis. The correlation coefficients were determined using
regression analysis at the 95% confidence level. Comparisons among samples were
made with one-way analysis of variance (ANOVA) and the LSD method at the same
confidence level.

3. Results and discussion
3.1. Hydrothermal treatment and extraction with ethyl acetate

We have previously characterized the antioxidant extracts recovered with ethyl
acetate from autohydrolysis liquids of alperujo steam-treated at a fixed temperature
of 160 °C for 15-90 min. The results indicated that the phenol extracts were effective
antioxidants to a significantly greater extent than the untreated control and
comparable or better than a-tocopherol (Rubio-Senent et al., 2012). The present study
was performed to further characterize the antioxidants present in the most active
extract, which corresponds to alperujo treated at 160 °C/60 min and extracted for 8 h
with ethyl acetate. The yield of the phenol extract was 7.1 g/kg of fresh alperujo with a
total phenolic content of 1.74 g gallic acid equivalent/kg of fresh alperujo. In an initial
approach a fractionation method was used for characterization (Fig. 1) and the
antioxidant activity was evaluated for each fraction.

3.2. Fractionation and characterization of the phenolic extract



Fractionation of the ethyl acetate extract was performed using a system easy to scale
up for industries that consist of resin Amberlite XAD-16 and further desorption with
water and followed by increasing the concentration of ethanol. Five fractions (1-5)
were collected, which were characterized by HPLC analysis on a C18 reverse column.
Fig. 2 showed the absorbance profiles of the 5 fractions obtained after fractioned the
ethyl acetate extract through the XAD resin to two different wavelengths; 280 nm,
where the phenolic compounds absorbed, and 254 nm, where secoiridoids derivatives
absorbed. In the first fraction, a very polar compound was identified as 3,4-
dihydroxyphenylglycol (DHPG), which was present almost exclusively (Fraction 1). The
fractions 2-4 had were further fractionated in a polyamide resin. Six (2A-2F), nine (3A-
31) and seven fractions (4A-4G) were collected from subfractions 2, 3 and 4
respectively. Fraction 5 was eluted with 100% ethanol and represents a new polymeric
phenol fraction (PPF) constituted by several unseparated peaks (30-48 min).

The identification of the phenols in each fraction was performed using HPLC-DAD-MS,
the retention time and UV spectra (Table 1). Table 2 summarizes the concentrations of
the phenolic compounds of each of the fractions and the mg dry extract/mL of the
fraction. The analysis of the ethyl acetate extract demonstrated the wide structural
diversity of the compounds (Fig. 3).

Among the phenolic alcohols detected, hydroxytyrosol was the main compound. The
thermal treatments caused the rupture of the more complex molecule that contained
simple phenols and enhanced their solubilization (Fernandez-Bolafios et al., 2002).
Hydroxytyrosol has been associated with important antioxidant, anti-inflammatory,
antiproliferative and antifungal activities (Granados-Principal, Quiles, Ramirez-Tortosa,
Sanchez-Rovira, & Ramirez-Tortosa, 2010). Other phenolic alcohol compounds such as
DHPG, tyrosol and hydroxytyrosol acetate were also detected.

Phenolic acid and oleuropein family compounds were also identified in the extract. The
concentration of the oleuropein and oleuropein derivatives also is low, possibly
because the treatment promotes the breakdown of oleuropein into simpler molecules.
Three elenolic acid derivatives were tentatively identified in the extract being their
spectral characteristics and m/z values coincident with those given in the literature
(Obied, Bedgood, Prenzler, & Robards, 2007). The first, termed A (R: = 8.5 min), is
characterized by a maximum absorbance in the UV-vis spectrum at 230 nm. In its mass
spectrum, a possible molecular ion is present at m/z 423 that has not been identified;
however, its fragmentation in negative mode produces a profile of fragments
associated with the elenolic acid structure, with the presence of the fragment at m/z
241 [elenolic acid-H]" and the fragments at m/z 197 [elenolic acid-COO]" and m/z 137
[197-COOCHs]". This same signal at m/z 241 was identified in the mass spectrum of the
derivative B (Rt = 30.1 min); this derivative is present in a minor amount and is
characterized by the presence of absorbance maxima at 210 and 264 nm. The
derivative C (Rt = 21.2 min) has a UV-vis spectrum characteristic of elenolic derivatives,
with a maximum absorbance at 242 nm. This molecule produces fragmentation, in
positive mode, with a profile signal similar to elenolic acid, as described by De Nino et
al. (1999), with fragments at m/z 243 [elenolic acid]*, m/z 211 [elenolic acid-CH3-H,0]*
and m/z 151 [211-CH3COOH]".



Verbascoside and the flavones apigenin-7-O-rutinoside, luteolin-7-O-glucoside and
luteolin 7-O-rutinoside previously reported in olive fruit (Ryan et al., 2002) were also
detected in the ethyl acetate extract.

The molecular ion of 1-phenyl-6,7-dihydroxyisochroman ([MH]- at m/z 241) was
detected together with two characteristic fragments, at m/z 211 and 136, in the mass
spectrum (Bianco, Coccioli, Guiso, & Marra, 2001). This molecule is not present in olive
fruit; however, it is formed during the storage of olive oil. It has not been previously
detected in alperujo although in this study has been found in very low amounts.
Because of the hydrothermal treatment conditions (high temperature and pressure) of
the alperujo and the abundant presence of free HT, the aldehyde formation and the
acidity condition of the extract could promote the formation of this compound.

3.3. Antioxidant activity

The antioxidant value potential of each phenolic fraction obtained after the
fractionation was compared with the values for the unfractionated phenolic extract
and with the values of other known antioxidant compounds such as HT, DHPG, a-
tocopherol and Trolox, the water-soluble a-tocopherol analogue.

3.3.1. Free radical scavenging capacity (DPPH and ABTS assays)

Data available in the literature on DPPH and ABTS assays indicate that they are not
always well correlated and they don’t often give the same results because it deals with
two different action mechanisms using two different radicals. It is for this reason that
both assays were considered. Individual regression equations were used to calculate
the antiradical activity of each sample. Statistical analyses of the results indicate that
the dose response adjusted to a linear model for two of the assays, with R2 > 0.90.
Lower EC50 values for DPPH assay and higher Trolox equivalent values for ABTS assay
mean high antioxidant activity.

The results of the antiradical activity against the DPPH radical (Fig. 4a) indicate that
fractions rich in DHPG, HT, tyrosol, protocatechuic acid, vanillic acid, hydroxytyrosol
acetate, caffeic acid, comsegoloside, verbascoside, and polymeric phenolic fraction,
have a higher antiradical capacity and do not exhibit significant differences compared
with the three standards (HT, DHPG and a-tocopherol). The fractions 4A and 3B with a
high percentage of elenolic acid derivative A (91 and 99%, respectively) exhibit very
minimal activity.

The results of antiradical activity against the ABTS radical (Fig. 4b) indicate that
fractions 2B, 4F and 4G have a high capacity for ABTS antiradical activity, with
capacities between those of HT and DHPG. The fraction 2B is characterized by a high
percentage of HT (96.14%), the fraction 4F contains HT and other compounds such as
vanillic acid (23.82%) and verbascoside (65.11%), and the fraction 4G is characterized
by a high percentage of comsegoloside (91.61%). All of these compounds are most
likely responsible for the antiradical activity. However, fractions 2C, 3C, 3E, 4C, 4D and
4E have ABTS antiradical activity similar or greater than that of a-tocopherol because
of the presence of compounds such as HT, tyrosol, protocatechuic acid, vanillic acid,
hydroxytyrosol acetate and polymeric phenolic fraction (PPF). The activity of fraction
3E with a high percentage of elenolic acid derivative A is not attributable to the



compound because fraction 4A and 3B, which are among the richest in this compound,
exhibit no activity.

The different comportment between fraction 1, composed almost exclusively of the
phenol DHPG, and the standard DHPG is most likely explicable by the low purity of
fraction 1 of only approximately 18% of total phenol/weight total. The same result was
observed in the reducing power and secondary oxidation assays discussed above.

3.3.2. Reducing power

The reducing power results (Fig. 4c) indicate that there are two fractions, 2B rich in HT
(96.14%) and 2C is composed exclusively of protocatechuic acid (100%), whose
reducing values are higher than Trolox. There is a group of fractions rich in HT, tyrosol,
verbascoside, protocatechuic acid, vanillic acid and hydroxytyrosol acetate (3D, 3E, 3F,
4C, 4D and 4F) with Trolox equivalent values between 0.8 and 1. In fraction 3D, the
major component is the elenolic acid derivative A (89.03%); however, this species
cannot be attributed to the reducing power because fractions 3B and 4A are also rich
in this species (99.64 and 91.18%, respectively) and have very low reducing power. The
dose response adjusted to a lineal model (R2>0.90).

3.3.3. Inhibition of lipid oxidation

In the primary oxidation assay the response was not linear but depended on the
square root of x (y = a + bx?), with R2 > 0.882. In the secondary oxidation assay
(TBARS), all of the samples are also described by a “square root x” regression model
(R2>0.807).

In fraction 1, 2B and 3C, the positive effect shown in the primary oxidation assay (Fig.
5a) may be due to the high concentrations of HT and DHPG. The fraction 4C is rich
hydroxytyrosol acetate (95.5%), the antioxidant effect is most likely due to this
compound, which is the hydroxytyrosol derivative more liposoluble according to
Trujillo et al. (2006). In other cases, the activity may be due the presence of vanillic
acid, verbascoside, comsegoloside and PPF, as in the previous cases. If we compare the
fraction composition of 3F, 3E and 2C, we see that 2C consists exclusively of
protocatechuic acid, whereas 3E also contains vanillic acid (11.46%) and 3F also
contains p-hydroxybenzoic acid (6.63%) and is most active with respect to 2C inhibition
primary oxidation, most likely because these species act synergistically.

The antioxidant properties of these fractions were also tested with a peroxidation
inducer by thiobarbituric acid-reactive substance (TBARS) assay (Fig. 5b). Almost all of
the fractions exhibit a value of inhibition of secondary oxidation similar to that
observed for HT and DHPG, and, in some cases, even better than that of a-tocopherol.
The fractions that exhibited less activity are rich in tyrosol and hydroxymethylfurfural
that should not have an excess capacity to inhibit the secondary oxidation. However,
fractions 3B, 4A and 4B are high in elenolic acid derivatives (99.64, 91.18 and 97.36%,
respectively), which should not inhibit the secondary oxidation.

3.4. Conclusions



The present study demonstrated the great diversity and complexity of the mixture of
phenolic compounds present in the ethyl acetate extract of steam-treated alperujo.
Among all of the compounds detected, hydroxytyrosol was observed in the highest
concentration, followed by the elenolic acid derivatives produced during the process,
which possess the core structure of secoiridoid compounds. Tyrosol, 3,4-
dihydroxyphenylglycol, hydroxytyrosol acetate, comsegoloside, protocatechuic acid,
along with a new polymeric phenolic fraction (PPF), must also be considered because
its concentration and its contribution to the antioxidant/free radical-scavenging
activity. A significant contribution was made by PPF, exhibiting a strong antioxidant
activity in a lipid system as an emulsion, similar to a-tocopherol.

It was noted that there were a number of fractions whose behavior in all tests were
quite good, these fractions are the 2B, 2C, 3C, 3D, 3E, 3F, 4C, 4D, 4E, 4F and 4G, which
are rich in DHFG, hydroxytyrosol, tyrosol, protocatechuic acid, verbascoside, 4-
hydroxybenzoic acid, vainillic acid, hydroxytyrosol acetate, polymeric phenolic fraction,
comsegoloside or/and p-coumaric acid. Furthermore, it was observed that there are
also a number of fractions to the test whose results were bad in all cases studied;
these fractions were 3A, 3B, 4A and 4B rich in hydroxymethylfurfural, elenolic acid
derivative A and/or elenolic acid derivative B.

These findings might be helpful for the production of a natural antioxidant extract for
use in the food, cosmetic or pharmaceutical industries. Although further studies about
their toxicity, in vivo activity and bioavailability are necessary. Thus, hydrothermal
treatment, a technology being scaled to the industrial level, along with ethyl acetate
extraction and the use of adsorbent resin, may enable the use of alperujo, which
should not be considered a polluting residue but a precious and inexpensive source of
natural antioxidants.
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Figures

Phenolic extract obtained from alperujo treated
hydrothermally to 160 °C and 60 min and extracted with ethy/ acetate
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Fig. 1. Steps of fractioning of ethyl acetate extract The fractions corresponding to the elution through the fist resin Amberlite XAD with one liter of H>0, EtOH 30% (v/v), EtOH 50%
(vjv) and EtOH 95% (vjv) divided in ten fractions of 100 mL each one, and elution through the second resin polyamide with 500 mL of H>0, MeOH 25% (v{v), MeOH 50% (v/v), MeOH
75% (v/v) and MeOH 100% (v/v) divided in ten fracdons of 50 mL each one. The intervals of the eluted fractions and collected fractions were specified.

BMeCH 75% — 2MeCH 100%
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Table 1

Compounds identified in the acetate ethyl extrad obtained after the hydmothe rmal treatments and ethyl acetate extraction

Compounds Retention time (min)  Molecular weight 4., (nm) m/z (mode negative) mg/ kg fresh alperujo  Referenoe

3,4-Dihydroxyphenylg lycol® 43 170 214, 234 and 278 169 F19 + 0.45 Obied et al, 2007

Hydroxymethylfurfural® 73 126 194,228 and 284 467 + 015 -

Protocate chuic acd® 83 154 206, 218, 260 and 294 109 and 45 1835 = 058 DObied et al., 2007

Elenolic acid derivative A® 85 230 423,241, 197 and 137 19129+ 1.17 Obied et al., 2007

Hydroxytyrosol® 849 154 214, 234 and 778 153 and 123 77653 + 1468 Sudrez, Mada, Romero, & Motilva, 2008

Tyrasol* 1.7 138 200, 218 and 276 137 8062 +2.11 De la Torre-Carbot et al, 2005

p-Coumnaric add derivative® 13.4 536 230 and 310 205, 145and 117 005 + 0 Rommero et al., 2002

Vanillic acd® 141 168 200, 218, 255 and 298 5M + 005 Sudrez et al, 2008

4 Hydroxybenzoic acid® 144 138 194 and 256 144 + 0.M Obied et al., 2007

Caffeic acd?® 162 180 202, 218, 240 and 324 179, 163, 135 and 45 265 + 003 Savarese, De Marco, & Sacchi, 2007

Oleuropein aglycone hemiacetal? 17.6 352 198, 224 and 275 707 [2ZM-H], 351, 137 and 119 0| +0m D Mino et al, 2000

p-Coumnaric add* 205 164 194, 210, 226 and 310 119 149 + 002 Sudrez, Rometo, Ramo, Macia, & Motilva, 2009

Elenolic acid derivative C° 21.2 242 243,311 and 151 in mode positive  123.56 + 0.08 De Mino et al, 1999

Hydroxytyrosol acetate” 231 196 214, 234 and 278 195 6013 £ 127 :

Verbasmside® 245 624 198 and 328 623, 461 and 161 B43 + 008 Savarese et al, 2007

Apige nin-7-0-Rutinoside® 257 578 212, 264 and 350 577,371 and 269 007 £ 0m Ryan et al, 2002

Luteolin-7-0-Glucaside* 26.4 448 206, 256, 266 and 350 447 and 285 0.18 + O Ryan et al, 2002

Luteolin-7-0-Rutinoside® 266 504 200, 254 and 349 593, 447, 285 and 151 058 + 0M Ryan et al., 2002

Elenolic acid derivative B ELIN 210 and 264 241 and 251 057 £+ 0M Obied et al., 2007

Oleuropein® 307 540 198, 232 and 282 539, 377, 307,275 and 223 046 + 0L Fu, Segura-Carretern, et al, 2009

Comsegoloside” 321 536 192, 230 and 312 535,205 and 145 2268 024 Obied et al., 2007b

Ligstroside? 323 524 220, 224 and 280 523, 361, 291 and 259 0 = 0m De la Torre-Carbot et al, 2005

Oleuropein aglycone derivative? 326 378 200, 222 and 280 377,307, 275, and 149 020 + 0. Fu, Arraez-Romdan, Menéndez,
Segura-Car retero, & Ferndnde z-Gutiérrez, 2009

Oleuropein derivative? 36 538 214, 234 and 378 211,139 and 123 139 + 0 Obied et al., 2007

1-Pheny k6,7 -dihydroxyisochroman 381 242 200, 230 and 280 241,211 and 136 ng® Bianco et al, 2001

Polymeric phenolic fraction™ 30-48 7766 -

# The compounds were identified and guantified by corres ponding commeraal standards,

® The compounds were identified with isolated compounds.

¢ The compounds were guantified with calibration of p-coumaric acid

4 The compounds were quantified with calibration of oleuropein.

# The compounds were quantified with calibration of luteolin-7-0O-rutinoside.

! The compounds were quantified with calibration of elenolic acid derivative A
£ Mot quantified

" Quantified by evaporation to dryness.



Talsle 2
Compadgtion of each of the factions that compose e acstate ethy exract olviaimed after treating alpengo st 16D °C for G0 min The nature of tee compounds present in e sch
Traction and their coneniration in pgimL are specifbed.

Fraction mg fml (Extrad dry) mgimL (Total pleenol) o pond g Compaond fml. fraction E Inclividhisal com poimd
1 1424 + 025 201 =018 3 4-Dilydrosxy phenylg ool 245738 = 1483 L]
24 15.17 + 065 23 =013 3.4-Dihydmoxyphenylg hiool T44 + 0U6s 799
Hydraxymethy Murfural 002+ 3m 998
Hydroxyty s 95 88 + 688 10.72
Tyrasal 66421 + 384 T3
2B W8l +212 3875 =1.71 3.4-Dihydmoxyphenylg ool 2BA16 = 1.4 091
Hiyedros ety W wral s ) e el 017
Hydraxytymss 2989067 + 519.13 9614
Tyrasl 86122 + 927 277
ac 2002 & iR 101 & 001 Protocatechusic acid 53462 + 2154 100
3A 792+ 057 047 = 0 Hiybraxymetvy Wl 3875 = DMl L]
3B 15.02 + 065 094 = L0 Hiyedros ety W wral 285+ 0un 008
Hydraxyrymss 955 = 06 026
Elemolic acid derivative A 363906 + 2 93 9964
Ol ewropein 2ghioon e le mi scetal 076 =+ 0U 02
i 732+ 035 372 =07 Hiyedrox vty s BER 20 + 5484 2993
Elemolic acid derivative A SH.15+939 19.65
Tyrosol 148929 + 66326 5027
k1] 679 + 006 345 + 03 Hydroxytyose| 5185+ 32m L.76
p-Coumaric add derivative 196+ 018 LiLir)
Tyl 251 = 126 6
Elenolic acid derivative A 263137 +2913 89.03
1= Phe il -6, -dilvydr ooyisochr oman = =
Werhasoosde 4588 = 008 155
IE 224 £ 015 082 + 0 Protocatechisic acid 551035 85
d-Hydmoxyhenzaic acid 4691 + 02 57
Elenalic acid derivative A 6575+ 135 T8
Lute alin- 7- O-Rutingside 291 = 0B 035
Wanillic acid 131 = D6 1145
3F 132 + 0.08 031 =001 Protocatechuic acid 15014 = 084 9337
d-Hydmxybenzaic acid 10,66 + 0UB 663
3G 1.82 + 02 018 + 001 Cafleic acid 10686 + 112 100
44 927 & 02 019 = 005 3.4-Dihydroxyphenylg ool 5.45 = 0uGe 234
Hiyelrayty s 1228 + 0un 528
Tyrasal 278 = D5 118
Elemolic acid derivative A 21181 £ 5.8 9118
4B 458 + 035 05 + 001 Hyroxyry s TRAZ+0M 154
Elemolic acid derivative C 496718 + 3234 9736
Ol ewro pein dber v ative 5611+ 035 1.1
ac 456 £ 0.15 326 0239 Hyedrox vty THEZ =+ 126 333
Hydroxytymsol aoetate 226007 + 5067 9543
Ol ewrgpein 1855 + 052 078
Ligstroside 1.71 =056 007
Ol ewropeein ag hicone derivative TAT= 114 033
A 137 + 0,08 041 + 1 Hydroxyty s 610+ 244 2668
Elemolic acid derivative B [+ 08 965
Hydroxytymso| scetate 153.01 = 0.2 6367
4dE 3TE+ 095 085 002 Palymeric phenolic fraction (PPF) L]
4F 365 + 045 186 =016 Hydraxytymso D264 + 391 947
Wanillic acid 10721 + 1 80 238
A pigenin-T-0-Ruti natide 719+ 01 16
Verbaioosde 29309 + 3.19 B5.11
aG 267+ 0.18 055 + 0002 p-Coumarnic acid G017 + 096 B0
Lute alin-7-D-glucatide 1329+ 07 234
Comse golosde 91189 + 6UR2 9161

5 Palymeric phenclic lraction (PPF) 100




