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Abstract

Ancient olive trees are widespread in many countries of the Mediterranean area, including the Calabria region
located in southern ltaly. They have adapted to environments, climates and soil conditions and represent an
ecosystem heritage. The use of their drupes for manufacturing both table olive and oil is not often economically
and/or commercially attractive. The future to preserve the environment and to develop new jobs in this area is
the evaluation of alternative strategies to foster the establishment of small medium enterprises (SMEs) involved
in the production of high value added products which might be obtained from these now endemic trees, in an
environmental safe way.

High-value active principles can be recovered from wastes of agri-food farms. Olive manufacturers are spread
throughout the Mediterranean area, where incomes from this particular food industry represent an important fraction
of the gross domestic product (GDP). A typical business of existing SMEs is represented by the commercialization
of table olives; the necessary debittering process, traditionally performed by plain water is usually carried in alkaline
conditions. The bitterness of freshly harvested olives is due to the presence of antioxidants and anti inflammatory
active principles, which belong to the family of the most popular nutraceuticals.

The development of a production line whereby olive wastewaters could be used to produce end products suitable
for food, pharmaceutical and cosmetic industries might induce the establishment of new SMEs. Accordingly, waste
products of plain water processing of table olives were monitored by Liquid Chromatography (LC)-Electro Spray
lonization (ESI)-tandem mass spectrometry (MS/MS) over a 10-day period to assess the content of the expected
phenolic compounds responsible for bitterness and generally recognized for their healthy properties.

OLEUROPEIN

;"'

HYDROXYTYROSOL

y

Keywords: Table olives; Wastewater recycling; Nutraceuticals;
Tandem mass spectrometry

Introduction

Old and environmentally friendly procedures mightbe reconsidered
in olive debittering [1,2] as a green strategy in the production of goods
in the interest of nutritional, pharmaceutical and cosmetic industries
from wastes. The recovering of bergamot albedo from wastes of
cosmetic industries has been recently proposed as a source of statin-
like active principles [3]. Table olives are the most popular fermented
agri-food in Mediterranean countries. Their composition depends on
several factors such as genetics, ripening, processing technologies and
storage. Standard processing technologies affect the physicochemical
features of olive fruits such as color, texture, volatile compounds and
phenol contents and, consequently, the organoleptic and nutritional
properties of the final product. Any processing method aims, in general,
at removing the natural bitterness of the fruit, caused by phenols,

especially by the glucosyde known as oleuropein [4]. Oleuropein and
its metabolites have powerful antioxidant activity both in vivo and
in vitro making virgin olive oil a functional food. This secoiridoid is
able to confer resistance to diseases and insect infestation [5], and
offers antioxidant protection due to the catechol moiety [6]. It is also
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accumulated as a defense mechanism against phytophatogens [7,8]. In
particular, when olive tissues are injured by diseases or by mechanical
damage, a specific enzyme producing highly reactive molecules [7]
hydrolyzes oleuropein. The antioxidant and antimicrobial activities of
oleuropein derivative molecules against herbivores and insect attacks
have been also demonstrated either in plants as well as in vitro against
bacterial strains [9].

B-glucosidase (E.C. 3.21.1.21) [9,10] is involved during fruit
ripening in the progressive degradation of oleuropein with concomitant
releasing of glucose and the aglycones with a concomitant reduction in
bitterness of the fruit [11,12]. The detected changes in p-glucosidase
activity, thus in the products of enzymatic hydrolysis at different stages
of fruit ripening [10] are strictly associated with product quality; in
fact, good-tasting table olives and olive oil are greatly influenced by
phenolic compound content [13-16]. Thus, debittering of green
olives is a major challenge in the industrial processing of fruit. The
most commonly employed methods involve dilute NaOH and/or
NaCl at low concentrations. The alkaline treatment modifies the ester
moieties of phenolic compounds present such as oleuropein and its
derivatives. The waste produced cannot be safely and easily eliminated
[17,18] while the quality of the recovered food is deeply affected. The
recovering of antioxidants from olive wastes is an important issue in
the Mediterranean area [19].

The alternative approaches providing both debittering and
fermentation [16] through the action of bacterial p-glucosidase,
interferes, unfortunately, with the antioxidant properties of the
products.

A great number of studies describe the phenolic composition of
olives [20-24]; their recovering by low cost innovative technologies in
concentrated solutions might be of commercial interest in view of the
accepted use of these natural compounds as nutraceuticals [25-30].
Nutraceuticals possess the special role of preventing or even supporting
medical therapies [31].

This work aims at identifying and assessing active compounds, such
as oleuropein, hydroxytyrosol, tyrosol, verbascoside, luteolin and rutin,
accumulating in wastes during the simplest debittering processing of
olives with plain water. Solutions containing whole, pitted and crushed
olives were prepared and target phenols assayed using tandem mass
spectrometry. Tandem Mass spectrometry has been extensively used in
the field of structure evaluation of natural products [32].

Experimental
Chemicals

Pure samples of rutin, luteolin and verbascoside were purchased
from Extrasynthese (Nord B.P 62 69726 Genay Cedex France) and
tyrosol, 3-hydroxytyrosol and oleuropein from Sigma-Aldrich (Riedel-
de Haén, Laborchemikalien, Seelze). Methanol, ethanol, formic acid
were LC/MS grade and purchased from VWR International; aqueous
solutions were prepared using ultrapure water, with a resistivity of 18.2
MQ cm, obtained from a Milli-Q plus system (Millipore, Bedford, MA,
USA).

Olives sampling and maceration process

Hand-picked olives of Coratina cultivar, allegedly very rich in
antioxidant compounds [33], were collected during the crop year 2013
from an olive grove located in the Basilicata region (Italy) and stored
immediately at -25°C. Three different forms of olives, whole, pitted and
crushed, were considered for the debittering process. Ultrapure water

and ultrapure water-ethanol 80/20 (v/v) were used in two distinct
protocols. Inatypical experiment, 12 g of olives were placed in stoppered
flask containing 100 ml of debittering solution; the maceration process
was carried out in the dark at 4°C, except for the first day when the
olives were subjected to two thermal shocks caused at first by passing
from -25°C to room temperature in the aqueous solutions and then
being frozen again. This was to promote the disintegration of the cell
membranes and the release of any active compounds. After which,
every day for 10 days, aliquots of supernatant were collected and the
solution pH was checked. The samples thus prepared were submitted
to LC-MS/MS analysis.

Preparation of standard solutions

Standard stock solutions were prepared by dissolving reference
compounds in ethanol. Aliquots of these solutions were further
diluted with water/0.1% formic acid to obtain calibration standards
at concentrations between 1-200 upg/ml for oleuropein and
hydroxytyrosol, 1-100 pg/ml for tyrosol, luteolin and rutin, and 1-150
pg/ml for verbascoside.

High performance liquid chromatography (HPLC)

HPLC was performed using an Agilent Technologies 1200 series
liquid chromatography system equipped with G1379B degasser,
G1312A pump, and G1329A autosampler. The analytes were separated
on an Eclipse XDB-C8-A HPLC column [5 pm particle size, 150 mm
length and 4.6 mm i.d. (Agilent Technologies, Santa Clara, California)]
at a flow rate of 350 pl/min and an injection volume of 10 ul. A binary
mobile phase made up of 0.1% aqueous formic acid (A) and methanol
(B) was programmed to increase B from 10% to 100% B in 10 minutes,
hold for two minutes and ramp down to original composition (90%
A and 10% B) in eight minutes. The total elution time was 20 min per
injection.

Mass spectrometry

The ESI-MS/MS analyses were performed using a MSD Sciex
Applied Biosystem API4000 Q-Trap mass spectrometer in negative ion
mode using multiple reactions monitoring (MRM). The experimental
conditions were set-up as follow: ionspray voltage (IS) -4500 V; curtain
gas 20 psi; temperature 400°C; ion source gas (1) 35 psi; ion source gas
(2) 45 psi; collision gas thickness (CAD) medium. Entrance potential
(EP), declustering potential (DP), collision energy (CE) and collision
exit potential (CXP) were optimized for each transition monitored.

Results and Discussion

Method validation

Calibration curves reported in Figure 1 were constructed using a
least-squares linear regression analysis. For each analyte the calibration
curves were linear in the concentration range 0-150 pg/mL with
correlation coefficients ranging between 0.9990 and 0.9997. Recovery
tests were carried out injecting three times two standard solutions
at different concentration of the six active molecules. Results from
recovery experiments at levels of 25 and 50 pg/ml gave mean recoveries
ranging from 91-116% with satisfactory precision (relative standard
deviation (RSD) from 0.1-0.5%). Limits of quantitation (LOQs) from
1.258-2.847 ug/ml (Table 1).

The MS instrument operating parameters were optimized for each
analyte of interest by direct injection of the analyzed solution. The
CID-MS/MS spectra of the deprotonated molecular ion [M-H]' are
shown in Figure 2. MRM analyses were carried out by monitoring the
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Figure 1: External calibration curve of oleuropein, tyrosol, hydroxytyrosol, rutin, luteolin and verbascoside obtained injecting different concentrations of the mix
standard solution.

Spiked solutions
(a) (b)

Active compound LOD Found Recovery Found Recovery
(ug/ml) mean £ RSD? (%) mI:SaSai (%)
Oleuropein 1.258 58.0 £ 0.1 116 253+0.2 101
Hydroxytyrosol | 1.479 525+0.1 105 245+0.3 98
Tyrosol 2418 49.5+0.2 99 26.0+0.3 104
Verbascoside @ 1.215 455+ 0.5 91 27.3+0.1 109
Luteolin 1.658 50.5+0.3 101 248+0.2 99
Rutin 2.847 51.5+0.1 103 225+0.1 90

Table 1: LOD, recoveries and precision (RSD) of the active compounds analysed
by LC-ESI-MS/MS. 2Each value is the mean of three determinations; RSD=relative
standard deviation; Spiked solutions (a) 50 pg/ml; and (b) 25 pg/ml.

transition reported in Table 2.

A SIM-like analysis was considered for tyrosol (F) since its product
ion spectrum under the experimental conditions adopted for the
other analytes did not produce any important fragments. The MRM
measurements were, therefore, carried out by modulating the first
quadrupole scanning for the transmission of the (M-H) value of the six
analytes (Table 2) and scanning the third analyzer according to Table
2. A MRM chromatogram obtained by injecting 10 ul of a standard
mixture of the compounds under investigation at 25 ug/ml is shown
in Figure 3.

LC-ESI-MS/MS analysis was performed on aliquots of each sample
collected. Aqueous solutions containing whole and crushed olives gave
a pH value of 6 regardless of whether water/ethanol (80:20) or pure
water was used. However, the aqueous solutions containing pitted
olives was pH 5 suggesting the presence of the stone was involved in
this variation. The results obtained and a discussion for each compound

analysed (below) are also presented in Figure 4.
Oleuropein (Olp)

The ESI mass spectrum of the negative (-) ions shows the (M-H)-
species together with the known diagnostic fragments at m/z 275 and
m/z 307 [34,35] (Figure 2). Olp, as expected, was one of the major
components of wastes. The maximum concentration of this secoiridoid
(409 mg/kg), reached after the first day when plain water is used,
slowly decreases to half (228 mg/kg) in the subsequent days (Figure
4). A similar trend was observed when water/ethanol (80:20) was used
although the maximum concentration observed after one day (369 mg/
kg) reaches the mean value 264 mg/kg.

A marked difference was observed when crushed and pitted olives
were debittered (Figure 4). The maximum concentration achieved after
one day was 1187 mg/kg and 1118 mg/kg for pitted and crushed drupes,
respectively. This value decreases according to enzymatic kinetics to
reach a value of 8 mg/kgon the last day. The solution containing water/
ethanol (80:20) since day one gave a lower content of olp (665 mg/
kg for crushed olives and 754 mg/kg for pitted olives). These values
decrease during the days until they reached the mean values 139 mg/
kg and 162 mg/kg for crushed and pitted olives, respectively (Figure 4).

Hydroxytyrosol (HTyr)

The mass spectrum for this compound in negative ion mode gave
the deprotonated molecule at m/z 153 and the fragment at m/z 123 due
to the loss of the CH,OH group (Figure 2).

HTyr is frequently detected in olive pulp and has been widely
studied, in particular its anti-oxidant activity and its health-beneficial
properties [36]. The concentration of HTyr in the solution containing
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Figure 2: ESI-MS/MS spectra of oleuropein, hydroxytyrosol, tyrosol, verbascoside, luteolin and rutin showing the deprotonated molecular ion [M-H]- and the major
fragments utilised to set up the MRM method.

EP DP CE CXP
-65 -7 -25 -5
-70 -8 -35 -8
-65 -10 -30 -5
-65 -8 -45 -10
-70 -8 -35 -8
-45 -8 -25 -5

Analyte 1¢t quadrupole (M-H) 2 quadrupole

(A) Hydroxytyrosol m/z 153 m/z 123
(B) Luteolin m/z 285 m/z 133
. m/z 307

(C) Oleuropein mj/z 539 miz 275
(D) Rutin m/z 609 m/z 301
. miz 161

(E) Verbascoside m/z 623 miz 461
(F) Tyrosol mlz 137 No scan

Table 2: Data set for the assay of active principles A-F. Optimized entrance potential (EP), declustering potential (DP), collision energy (CE) and collision exit potential

(CXP).

pure water and whole olives on the first day was 21 mg/kg. This content
increases during the next nine days of experimentation to reach the
mean value of 171 mg/kg. The solution containing 20% of ethanol gave
an initial value of HTyr double than the solution of pure water (50 mg/
kg). Moreover, the concentration of the compound at the end of the
experimentation was found to be less than in the previous one (149
mg/kg). The solutions containing pure water and either crushed and
pitted olives showed a high content of HTyr already in the first day of
the experimentation (261 and 334 mg/kg, respectively). These values
decrease over time to almost zero (2 and 14 mg/kg, respectively). It is to
be noted that by using 20% of ethanol the content of HTyr is preserved
over time and, in fact, the concentration of the compound found at
the end of the experimentation was 60 and 87 mg/kg in the solution
containing crushed and pitted olives, respectively. The patterns
observed in the three cases (whole, pitted and crushed olives) in the two
solutions (pure water and water/ethanol (80:20)) are quite different. In
the case of the solution containing whole olives the concentration of
the compound increases over time and this increment is due both to its
initial content and both to the degradation of secoiridoid compounds.
This low accumulation observed could be attributed to the fact that
in whole olives the membrane is not damaged and the release of the
active compound is slowed down. In the case of the solution containing

crushed and pitted olives the concentration of HTyr decreases over the
time. The presence of the stone seems to favour a faster degradation of
the compound under investigation (Figure 4).

Tyrosol (Tyr)

In all cases analysed the content of Tyr increases (Figure 4).
This increase can be attributed both to its initial content and to the
degradation processes of higher molecular weight molecules. In the
solutions containing whole olives the concentrations of Tyr on the
first day was found to be 8 mg/kg in pure water and 9 mg/kg in water/
ethanol (80:20). At the end of the debittering process these contents
were 39 and 31 mg/kg, respectively. The concentration of Tyr in
crushed olives on the first day of the debittering process was 25 mg/
kg in pure water and 27 mg/kg water/ethanol (80:20). At the end of the
experimentation these contents were 65 and 56 mg/kg respectively. The
solvent in these two cases does not affect the Tyr content. The situation
appears different in the solutions containing pitted olives. In fact, the
Tyr content varies from 24 to 100 mg/kg in pure water and from 25 to
40 mg/kg in water/ethanol (80:20).

Verbascoside

The ESI mass spectrum in negative ion mode was represented by
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Figure 3: MRM chromatogram obtained injecting 10 pl of a standard mixture of the analytes of interest at 25 pg/ml.

the deprotonated ion at m/z 623 with few other fragments of lower
intensity (Figure 2). Particularly, two ions characteristic of verbascoside
atm/z 461 and m/z 161 were observed. The loss of caffeic acid produced
an ion at m/z 461 and a ketene as a neutral fragment, while the peak at
m/z 161 resulted from a proton transfer and production of an anionic
ketene [35].

The trend observed for all the solutions was similar to the one
observed for HTyr: the verbascoside tends to increase during the
process of debittering. In the solutions containing whole olives the
content of the active compound varies from 196 to 365 mg/kg on the
first and last day, respectively. In water/ethanol (80:20) its content
varies from 338 to 441 mg/kg on the first and last day, respectively.

The solution containing crushed and pitted olives in pure water
showed a high content of verbascoside already on the first day of the
experimentation (802 and 1319 mg/kg for crushed and pitted olives
respectively). These values decrease over the time to almost disappear
(1 and 4 mg/kg respectively) (Figure 4).

Luteolin

The ESI mass spectrum was characterized by an intense ion at m/z
285 and a fragment of m/z 133 of lower intensity (Figure 2).

In several studies this flavonoid has been detected in olive fruits
of different cultivars and has proved to possess important biological

properties, such as anti-oxidant, anti-inflammatory, anti-microbial
and cardio-tonic activity, ability to scavenge free radicals and to
inhibit low-density lipoprotein oxidation [34]. Luteolin is responsible,
along with other carotenoid compounds, for the colour of the drupes.
Fermentation and debittering processes promote its release into
solution that is pronounced if olives are damaged. Moreover, in the
presence of solvents such as ethanol, this release is marked. Also, the
absence of light preserves the colour of the final solutions.

During the ten days of experimentation, depending on the olives
utilized, different gradients of colour were obtained. Whole olives gave,
at the end of the experimentation, a dark green colour, whereas crushed
and pitted ones gave a browny green colour that was more evident in
the ethanolic solutions. All solutions analysed showed an increase of
the active compound. In particular, in aqueous solution containing
whole olives the luteolin content varies from 66 to 218 mg/kg during
the experimental period, whereas in the ethanol solution from 83
to 287 mg/kg. The solutions containing crushed and pitted olives in
pure water showed a higher content of luteolin during the first days
of the experimentation; these values will not vary significantly over
the period of the debittering process. In fact, the content of luteolin
for crushed olives varies from 126 to 202 mg/kg whereas for pitted
olives from 110 to 190 mg/kg. The ethanol solutions have a different
pattern with respect to the previous ones examined. In fact, from day
one the solutions are very rich in luteolin and increases during all the
debittering process. At the end of the experimentation almost 700 mg/
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kg were found in the solution containing crushed olives and almost 800
mg/kg in the solution containing crushed ones (Figure 4).

Rutin

The ESI mass spectrum was characterized by an intense
deprotonated molecular jon at m/z 609 and a fragment at m/z
301 which is diagnostic of quercetin derivatives (Figure 2). Many
biological effects have been attributed to this flavonoid, which shows
anti-oxidant, anti-inflammatory, anti-thrombotic, cytoprotective,

vasoprotective and anti-microbial activity [37]. This glycoside flavone
is stable in aqueous solution at neutral or alkaline pH; in an acid or
by the action of enzymes specific hydrolase, the glycosidic bond is
broken with the formation of anomeric hemiacetals. In the aqueous
solutions analysed the concentration of rutin, from the first to the last
day of experimentation, does not change much and remains constant
when whole olives are used (from 40 to 44 mg/kg). A decrease in the
concentration can be observed for crushed olives (from 110 to 31 mg/
kg) and for pitted olives (from 179-101 mg/kg). The difference that can

Olp in water solution
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Figure 4: Trend of the debittering process in whole olives, crushed olives and pitted olives. Bar charts show the decay of active antioxidant compounds in the three
thesis with particular emphasis on the eluent phases utilised: water and water/ethanol (80/20). The letters A, B and C are for whole olives, crushed olives and pitted
olives respectively. H and ET are for water solution and 20% ethanolic solution respectively. The numbers 1 to 10 indicate the day of the experimentation.
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be noticed when ethanol is added is that the content of rutin released
is far greater, but constant throughout the experimentation period. For
whole olive the content of rutin is the same as in the aqueous solution
(from 41 to 49 mg/kg). The solutions containing pitted olives showed
an increased content of the compound than those containing crushed
olives (from 144 to 132 mg/kg and from 221 to 200 mg/kg, respectively)
(Figure 4).

Conclusion

The results discussed above show, from a chemical point of view
that, as expected, the glycosidic antioxidants are less stable in water
than the other detected active principles, even in the absence of
chemical catalysts that could affect the process. The observed behaviour
is, therefore, probably driven by those deglycosylation enzymes which
are extracted from the drupes together with the active species listed in
Table 1 [24]. This observation allows the choice of the experimental
conditions to be applied to favour the recovering of a particular family
of nutraceuticals from olive drupes.

In conclusion, the results presented above provide evidences on
the possibility of devising new strategies in the recovering of active
principles from olives. They can be obtained either by mild procedures
applied to the debittering of table olives or by treatment of wild olive
drupes widespread in the Mediterranean area.
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