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Prefazione

Numerose ricerche hanno evidenziato gli effetti dfien per la salute dovuti alla “dieta
Mediterranea” caratterizzata dal consumo di verdceeesali, pesce e olio d’oliva. La gente che
vive nel bacino del Mediterraneo é risultata pingeva e ha mostrato una minore incidenza di
malattie cardiovascolari e cancro, grazie ad un@estazione ricca in composti bioattivi
antiossidanti come quelli biofenolici che non possessere sintetizzati dagli esseri umani e di
cui le piante sono particolarmente ricche.

Lo scopo del presente lavoro di dottorato € statl@ di recuperare composti nutraceutici da
matrici alimentari (olio, olive e bergamotto) wt#ando delle procedure innovative e dei solventi
non tossici e costosi. Il loro recupero oltre aofare un abbassamento dei costi di smaltimento
dei reflui agroalimentari, potrebbe trovare unaettlir applicazione in campo cosmetico,
farmaceutico e nello sviluppo di nuovi alimenti siomali arricchiti in composti bioattivi.

Inoltre, le emergenze alimentari che si sono sudgeedegli ultimi anni, con grande rilievo
mediatico, hanno sollecitato una maggiore atterezmintemi della qualita e della sicurezza, sia
nell’opinione pubblica che nel legislatore e negéissi produttori, mostrando peraltro gli effetti
disastrosi sul mercato della mancanza di fiduclears&curezza del cibo. Prima delladozione di
specifiche leggi europee, alcuni Stati Membri —gui@ con l'intento di recuperare la fiducia dei
consumatori — avevano per lungo tempo legiferatormmamente sulla qualita e sicurezza del
cibo, ma applicando criteri di base diversi. Quabt@rsita di approcci, unitamente alla totale
assenza di legislazione in materia in altri Staginhbri, iniziava perd a minacciare seriamente il
corretto funzionamento del Mercato Interno. Eragssaria, dunque, la definizione di un sistema
di regole e di garanzie comune. E cosi che si giufia le altre misure, alla creazione di un
“sistema di allerta rapido” anche per i prodottivedntari, sulla falsariga di quello gia esistente
sulla sicurezza generale dei prodotti (Direttiv& &} 29/06/1992 n.59). Un sistema che rendesse
possibile un migliore coordinamento delle autopitaposte alla prevenzione e alla gestione delle
emergenze e che, alloccorrenza, permettesse iad@zdi misure piu efficaci sulla base di
informazioni scientifiche precise. Il Parlamentorapeo ed il Consiglio adottarono cosi |l
Regolamento (CE) 28/12/2002 n.178, in vigore dati@@o 2005, che traccia i principi generali
e i requisiti di una nuova legislazione alimentasttuendo I'Autorita Europea per la Sicurezza
Alimentare (European Food Safety Agency = EFSA)eéinédndo procedure in materia di
sicurezza degli alimenti. Una delle principali imaaioni del Regolamento consiste
nellimposizione allindustria alimentare della triacciabilita degli alimenti durante tutte le fasi
della filiera produttiva. Una misura atta a permett in caso di emergenza, ritiri dal mercato di
lotti specifici di prodotti, evitando cosi intererpiu drastici ed inutilmente distruttivi, e
contribuendo nel contempo a trasmettere ai consuman’immagine di efficienza tale da
arginare in qualche modo la loro progressiva parditfiducia. L’introduzione dellobbligo di
rintracciabilita, oltre a facilitare il compito delautorita poste a garanzia della salute dei
consumatori (Food Standards Agency), esercita anclimportante funzione di deterrente a
commettere irregolaritd o imprudenze nei confraltiutti gli operatori della filiera produttiva
agroalimentare, consentendo di attribuire respadlitaaprecisamente definite a chiunque abbia
preso parte al processo produttivo. A tale scopcsplettrometria di massa risulta essere un
metodo affidabile e sensibile per garantire la tgual la sicurezza in campo alimentare.

In un’ottica di recupero di risorse e di sosteiitditlei processi produttivi il ritorno a protocolli



ecocompatibili puo offrire una migliore qualita debdotto abbassando i costi di smaltimento
dei reflui attraverso il recupero di nutraceutiongtricosmeceutici ad alto valore aggiunto. Nel
campo dei prodotti alimentari, perd, la qualita ieusezza devono essere garantite: il
consumatore che per motivi economici e costrettara la spesa nei discount o ad orientare i
propri acquisti verso prodotti di seconda sceltan mleve trovarsi per questo ad esporre la
propria salute a rischi maggiori rispetto a chi goansoltanto prodotti di qualita. Di fatto,
nessuna delle norme comunitarie e nazionali in naat sicurezza degli alimenti opera
distinzioni sulla base della qualita o del prezzgni consumatore, indipendentemente dal budget
dedicato alla spesa alimentare, ha diritto allesidivello di tutela. La sicurezza e la salubrita
degli alimenti, infatti, sono diritti di tutti, e le attivitd di prevenzione che di repressionkevo

a garantirle, devono interessare l'intera filier@ghi prodotto immesso sul mercato.
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Introduction

Introduction

A number of researches have evidenced the bentfiefflects on the health of the
“Mediterranean diet” founded on the consumptionvefetables, cereals, fish and olive oil.
Studies indicate people who eat a “Mediterraneat’ dire less likely to have cardiovascular
disease and cancer, and they live longer. It has lestimated that up to 70% of all cancer is
attributed to diet.

Biophenolic compounds are natural phenolic biomdex widely distributed in plants
(principally fruits, and in minor amount, flowersaves and other vegetable organs) that offer
protection against cancer and others disordersy Tim@y occur in various forms: free or in a
conjugated form, mainly with a sugar molecule ocesters. With the term biophenols we include
not only compounds with phenolic molecular struesyrbut also related compounds as
metabolites or degradation products. The plant plsebeing regarded as those substances
derived from the shikimate pathway and phenylproghmetabolism. Their metabolic pathways
are particularly complex with multiple alternatineetabolic fates that may vary markedly from
tissue to tissue, from one growing condition totaeg and in response to environmental stimuli.
Factors contributing to the variability in phenadisstribution include the cultivar and genetics,
maturity, climate, position on the tree, rootstamkd agricultural practices. In the case of
processed products, technological processes tohwdliee fruits are exposed may also impact
significantly on the phenolic content.

However, over the past few years, following thevgng interest in antioxidant bioactive
compounds and their dietary sources has attractieshtian as a result of its remarkable
flavonoid contentThe development of new methods of extraction ofauguticals compounds
without use of toxic and expensive solvents is iedutor the introduction of new active
principles as drugs. Therefore, in this thesys vaatwo validate modern appropriate extracting
procedures, meeting pharmacopoeia requirementsettap safety protocols for the recovery of
the bioactive compounds present in food (bergarlte oils and drupes) using water as
extracting solvent. The recovery of compounds ghhantioxidant value can be useful as raw
materials for the direct application in cosmetiést the production of food supplements and the
development of new functional foods enriched irabtove compounds.

Also, quality (e.g. olive oils) and safety contamid the validation of origin are hot issues in the
production of food and its distribution, and are psimary concern to food and agriculture
organization. Quality and safety are the two msgues related to genuineness of processed and
fresh aliments. In food safety, there are differprdblems related to chemicals in foodstuffs.
Certain food has the potential of containing chaigievhich, if eaten in sufficient quantities, are
harmful to human health. Other food can be contatedh by illegal dyes. The White Paper on
Food Safety outlines a comprehensive range of recticeeded to complement and modernize
existing EU food legislation. Moreover, the Foodar&tards Agency aims to protect the
consumer from these chemicals, and for this reamast maintain the best knowledge base
possible on the subject to provide the necessatg to ensure that consumer exposure to these
chemicals is kept as low as reasonably practicable.

The quantitative LC-MS/MS methodology is utilizenl food safety, agricultural and forensic
chemistry. The Modern mass spectrometry (MS) prewidinique, reliable and affordable
methodologies to approach with a high degree adrgific nature any problem which may be
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Introduction

posed in this field.

The production and consumption of food is centyarny society, and has economic, social and,
in many cases, environmental consequences. Althdweglith protection must always take
priority, these issues must also be taken into @t the development of food policy.
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1. Liquid chromatographic separations and mass spectietry

Mass spectrometry is an important tool virtually at the application of atomic and molecular
sciences. In some fields, the practice of masstspeetry can be described as mature. In others,
both the technology and the basic science assdaomth the application of mass spectrometry are
rapidly evolving. The combination of chromatograpdnd mass spectrometry is a subject that has
attracted much interest over the last forty yearsoobecause has had a tremendous impact on mass
spectrometry with significant time and effort beigpanded on improving the mating of the two
techniques. Similarly, developments in mass spectrometry talse had a dramatic effect in the
separation sciences. One of the most importard frelwhich this combination has had a strong
improvement is certainly the agricultural scient@andem mass spectrometry has, in addition to
single-stage mass spectrometry, become a particutaportant analytical methodology in many
application areas like a food safety or in the cdtree elucidation of unknown compounds from
biological sampled™*

Thus, mass spectrometry provides a perspectivehersignificant changes in strategies to solve
specific problems in the life sciences.

1.1Liquid chromatography

Liquid chromatography (LC), the generic name useddscribe any chromatographic procedure in
which the mobile phase is a liquid, is used forysia of complex mixtures of unvolatile samples.

Modern high resolution LC (HPLC), has now beconmnlff established at the forefront of

chromatographic techniques. HPLC is used for a waohgie of applications and offers significant
advantages in the analysis of pharmaceutical fatiuds, biological fluids, environmental residues
and trace element contaminaniolatility or thermal stability of the analytes i® longer a limit,

as in the Gas Chromatographic (GC) applicationas tmaking LC the method of choice for

polymers, polar, ionic and thermally unstable maler Moreover, sample detection and
guantitation can be achieved by means of continflousdetectors; thus improving accuracy and
precision of analysis.

1.1.1 HPLC general features

In HPLC, a liquid sample, or a solid sample dissdin a suitable solvent, is carried through a
chromatographic column by a liquid mobile phasedsation is determined by solute/stationary-
phase interactions.

Different types of columns are available for vadotypes of separation techniques referred as,
normal phase, reverse phase, size exclusion, lchaege and affinity chromatography. In each
case, however, the basic instrumentation is esdlgrtie same(fig 1.1.1).
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Figure 1.1.1Schematic diagram of HPLC system.

Gradient
Elution
Unit

In the normal phase mode, the retention is govelmethe interaction of the polar parts of the
stationary phase and solute. Retention occurs wiespacking is more polar than the mobile phase
with respect to the sample.

In the reverse phase approach, the packing maignialatively unpolar while the solvent is polar
with respect to the sample. Retention is the resluibteraction of the unpolar components of the
solutes and the unpolar stationary phase. In thexzhange column type, the mixture components
are separated on the basis of attractive ioniceflmetween molecules carrying charged group of
opposite charge on the stationary phase. Finalffinitg chromatography requires that an
immobilized ligand, covalently coupled to the cohimstationary phase, interacts specifically and
reversibly with the solute of interest. The tablg.1, summarizes the different HPLC performances
and reports the most commonly used packing maderial

LC mode Packing materials Mobile phase Interaction
Normal phase Silica gel n-Hexane/IPE Adsorbtion
Reversed phase Silica C-18 MeOH/Water Hydrofobic
Size exclusion Porous polymer THF Gel permeation
lon excange lon excange gel Buffer sol. lon excange
Affinity Packings with ligand Buffer sol. Affinity

Table 1.1.1.Common LC column characteristics.

Reversed phase separafiérare about the most used HPLC method in food aisafysd high-
performance columns that provide minimum broadepinipe separated bands are the heart of the
modern LC system. Besides the nature of the paakiatgrial, an important role is played by the
way how the columns are packed. They need alse tppropriately designed in order to minimize
the dispersion and to allow the individual soluteseach the detector, after they have been moved
apart and separated. After injection into an HPloimn, any sample components that does not
interact with the stationary phase would be elitetie void volume (vo) which is characteristic for
that column. This void volume represents both tterstitial volume between the particles of the
bonded phase and the available volume within thiacfgapores themselves. The retention times,
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1. Liquid chromatographic separations and mass spatwetry

tr(A) and tr(B), for the two sample components shaw Figure 1.1.2 are the times elapsed from
injection to the times of maximum concentrationtlire eluted peaks. Similarly, the retention
volumes are the amounts of solvent required for #lation. The basic principle of this separation
techniques derive from various parameters thasamamarized here:

» Theoretical plates

 HETP (height equivalent to a theoretical plate)

* Retention factor

» Selectivity

* Resolution
The number of theoretical plates (N) has traditityrizeen used as a measure of column efficiency.

N = 16(tr/W) (eq. 1)

where tr is the retention time and W is the peakhvat baseline (equation 1).
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Figure 1.1.2.Important chromatographic parameters.

Generally, the measurement of peak width at haffitehas been found to be most useful, since it
can be applied to peaks not completely resolvedt #xhibit tailing , or that are otherwise
asymmetrical in shape.
N = 5.54(tr /w¥3) (eq. 2)

where wYz is peak width at half height (equation 2).
The value of N is a useful measure of the perfolcearf a chromatographic column, and in general
the more the theoretical plates, the better areetihenn performances. The number of theoretical
plates can be calculated for any peak in a givgrars¢ion, with each calculation resulting in a
slightly different value. The value for N is to iest approximation, independent of retention time;
however, it is proportional to column length. THere, height equivalent to a theoretical plate
(HETP) is the better measure
of column efficiency since it allows for a compans between columns of different lengths
(equation 3):

H=HETP = L/N (eq 3)
where L is the length of the column, usually in mm.
The retention factor (k') is a measure of the degreretention and can be calculated by
the following equation:

kK = (Vr-Vo)/Vo = (tr - to)/to (eq 4)
where Kk’ is the number of column volumes require@lute a particular solute Vo and to represent
the void volume and void time, respectively.
A related concept is that of selectivity)( which can be defined as the relative separdi&ween

5
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adjacent resolved peaks. This value is the ratithefretention factors for the two peaks (equation
5):
a=Kk1/k2 (eq 5)
Resolution is defined as the extent between separat two chromatographic peaks.
It can be described as a measure of how well angileLC column separates the two components
(equation 6).
Rs = 2(tr(B) - tr(A)) / (WA + WB) (eq 6)
Resolution can also be described in terms of amatexqu which includes three factors: the
selectivity factom, the capacity factor k', and the plate numbergtu@tion 6). Thus:
Rse&k N (eq 7)
The characteristics of column are:
» Column dimensioflength and internal diameter of packing bed)
» Particle shapdspherical or irregular)
» Particle size(average particle diameter, typically 3-20pum)
« Surface Aregsum of particle outer surface and interior pandace, in mi/gram)
« Pore sizgaverage size of pores or cavities in particlesging from 60-10.000 A
» Bonding type(monomeric: single-point attachment of bonded phaslecule; polymeric:
multi-point attachment of bonded phase molecule.
» Carbon load(amount of bonded phase attached to base maexakssed as % C
» Endcapping(capping of exposed silanols with short hydrocarbbains after the primary
bonding step).
Column dimensions should be carefully cho%$&fheshortcolumns (30-50 mm length) offer short
run times, fast equilibration, low backpressure amh sensitivity.Long columns (250-300 mm
length) provide higher resolving power, but createre backpressure, lengthen analysis times and
use more solvenNarrow column (2.1 mm and smaller) beds inhibit sampt&usiion and produce
narrower, taller peaks and a lower limit of deteati
They may require instrument modification to minimidistortion of the chromatographWwider
columns (10-22 mm) offer the ability to load moaagple.
The table 1.1.2 shows the relationship betweenneolinternal diameter and flow, mass load and
volume injection parameters.

ID (mm) Flow (ml/min) Mass load (mg) Injection vol(ul)
0,3-0,5 5-10 pl/min 0,00005-0,01 0,01-0,5
1 25-75 pl/imin 0,005-0,05 0,2-5
2 0,15-0,25 0,002-0,3 1-20

3 0,3-0,6 0,11 2-40
4,6 0,5-1,5 0,2-5 5-100

10 2,5-10 1-40 20-50
212 15-40 5-200 100-2000
50 50-100 25-1000 600-10000
100 200-500 125-5000 2300-50000

Table 1.1.2.Setting of different parameters in HPLC.
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1.1.2 Analytical and preparative chromatography

The difference between analytical and preparati®.El concerns the aim of the separation. In
analytical HPLC the aim is to separate all indnatlaomponents of a mixture as completely as
possible with subsequent identification of the gedk general, sample sizes are small. For 4 mm
ID, typical sample sizes are 1 — 100 ug analytegpadsorbent in normal phase columns and 10 —
1000 pg analyte per g adsorbent in RP columns. débrmns with smaller inner diameters
correspondingly smaller samples are applied. Thualyical HPLC often requires maximum
separation efficiency of a column. Due to the snraller diameter, expenses for solvents and
packing are low, with the result that in analytiddPLC costs for separation time (solvent
consumption) and packing material can be almodentggl for method development.
On the contrary, in preparative HPLC developmentaofeparation often involves detailed
economical-chemical optimization calculations.
Due to the column dimensions, costs for solvents@acking or prepacked columns become more
and more important with increasing column diamet@&he aim of HPLC now is isolation of the
desired product with defined purity, in maximum amts and with minimum time. The important
parameter are called production rate d@mbughput. Definition of the production rate inths
information about the required purity of the isethproduct.
When speaking about the production rate of a pagvarseparation, the term loadabitty? of the
column should be considered, too. According to ganenderstanding, this is the maximum sample
size (with defined sample mass and volume) undechwla column still provides optimum
selectivity.
The parameters which are important for the optitiunaof the mass loadability of a column can be
described by the formula:
M= Cyn 1k d As[Ca (dp?/1)]?

M = maximum sample mass
Ci1, G = constants
r = column radius
| = column length
k = partition coefficient
d = packing density
As = adsorbent surface
dp = particle diameter.
It is important to note how the mass loadabilitytbé column decreases with increasing plate
number (/@2 proportional to the plate number N).
If an increased loadability is required for a giveaparation efficiency, it is recommended to
increase particle size and column length, the asaein column length being the square of the
increase in particle diameter. Volume loadabiligncbe related to the dead volumep)(Mthe
maximum overload volume (Y, the relative retentioruf, the plate number (N) and the capacity
factors (i, ks ) by equation 8, hendedepends on the k' values of the components tedparated
and on the separation efficiency of the column.

VL= Vo [(a-1) ka — 2/IN"2 (2 + ky +ks) (eq. 8)
The production rate is directly proportional to tedumn diameter, the linear flow velocity of the
mobile phase, the concentration of the componenbeadsolated (unless under mass overload

7
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conditions) and the term [1/N-HI]1/2 , where H is the plate height of the column under ideal
conditions, | is the column length, and N is that@inumber required for separation of the desired
product with the purity requiret.

1.1.2 Detectors

Although over the years a large number of LC detschave been developed and described, the
vast majority of all contemporary LC analyses agied out mainly using four detectors.

The UV, in one of its different forms, the elecadiconductivity, the fluorescence and the refractiv
index.

The widespread use of the UV spectrophotometeroagprdeserves a detailed description of the
method. The coupling with mass analyzers will lzatied in a different paragraph. UV absorption
detectors respond to those substances that abigbthnl the range 180 to 350 nm. Many (but not
all) substances absorb light in this wavelengtlgeanncluding those having one or more double
bonds (p electrons) and unshared (unbounded) @teGt.g. olefin and aromatic compounds and
species containing C=0, C=S and —N=N- groups.

The sensor of a UV detector consists of a shdiridrcal cell having a capacity between 1 and 10
ml through which passes the column eluant. UV ligharranged to pass through the cell and fall on
a photo—electric cell (or array). The signal frohre tphotocell is transmitted to a modifying
amplifier and then to a recorder or data acquisisipstem.

The relationship between the intensity of UV ligliansmitted through a cell )l and the
concentration of solute contained by it (c) is givxy Beer's Law (equation 9).

|T — Ioe—klc
orIn (k) =1In (lo) — kel (eq 9)

where (b) is the intensity of the light entering the cél),is the path length of the cell, and (k) is the
molar extinction coefficient of the solute for thgecific wavelength of the UV light.

UV detectors can be used with elution gradientsyiding the solvents do not absorb significantly
in the wavelength range used for the detection. Sdieents usually employed in reversed phase
chromatography are water, methanol, acetonitrild sgtrahydrofuran (THF), all of which are
transparent to UV light over the total wavelengihge normally used by UV detectors. In normal
phase operation more care is necessary in eludttisea since many solvents that might be
appropriate for a given chromatographic phase giyoabsorb at the wavelengths used by the
detector. Then-paraffin, methylene dichloride, aliphatic alcohalsd THF are useful solvents that
are transparent in the UV and can be used withaa ptationary phase such as silica gel.
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1.2 Mass spectrometry

Mass spectrometry is essentially a technique faigiving" molecules. Obviously, this is not done
with a conventional balance. Instead, mass speetrgnis based upon the motion of a charged
particle, called ion. Figure 1.2.1 is a block dagr that shows the basic parts of a mass
spectrometer. The inlet transfers the sample mtosacuum of the mass spectrometer. In the source
region, neutral sample molecules are ionized aed Htcelerated into the mass analyzer.

The mass analyzer is the heart of the mass speeteonThis section separates ions, either in space
or in time, according to their mass to charge raifter the ions are separated, they are detected
and the signal is transferred to a data systenmaf@alysis. All mass spectrometers also have a
vacuum system to maintain the low pressure, whglalso called high vacuum, required for
operation. A variety of ionization techniques ased for mass spectrometry.

Most ionization techniques excite the neutral ateatgolecule which then ejects an electron to form
a radical cation (M). Other ionization techniques involve ion molecu®ctions that produce
adduct ions (MH). High vacuum minimizes ion-molecule reactionstering, and neutralization

of the ions.

The most important considerations are the physi@e of the analyte and the ionization energy.
Electron ionization and chemical ionization areyosulitable for gas phase ionization. Electrospray
ionisation (ESB**° and matrix assisted laser desorption (MAL®Bre used to ionize condensed
phase samples.

Turbo pumps
Diffusion pumps
Rough pumps

High Vacuum System

Rotary pumps
lon Mass Data
Inlet Source Filter Detector System
Sample Plate MALDI TOF Microch plate PC's
Target ESI Quadrupole Electron Mult. UNIX
HPLC lonSpray lon Trap Hybrid Detec Mac
GC FAB Mag. Sector
Solids probe LSIMS FTMS
EI/CI

Figure 1.2.1.Mass spectrometry block diagram.

The ionization energy is significant because ittomla the amount of fragmentation observed in the
mass spectrum. Although this fragmentation comf@&ahe mass spectrum, it provides structural
information for the identification of unknown compads. Some ionization techniques are very soft
and only produce molecular ions, other techniquesvary energetic and cause ions to undergo
extensive fragmentation. Currently, APl (ESI andCAPand MALDI are the most commonly
employed ionization methods and they opened danthd widespread biological and biomedical
application of mass spectrometry. These technigtesised to ionize thermally labile samples such
as flavonoids, peptides, proteins and polymersctyrdrom the condensed phase. Otherwise, the

9



1. Liquid chromatographic separations and mass spatwetry

selection of a mass analyzer is very important deglends upon the resolution, mass range, scan
rate and detection limits required for an applaat’ Each analyzer has very different operating
characteristics and the selection of an instrumewblves important tradeoffs. Analyzers are
typically described as either continuous or pulsedntinuous analyzers include quadrupole filters
and magnetic sectors while pulsed analyzers inctinde-of-flight, ion cyclotron resonance, and
guadrupole ion trap mass spectrometers. Therelsweddferent hybrid analyzers; two popular of
these are triple quadrupole and Qg-TOF. The formaetilized for quantitative analysis in tandem
mass spectrometry, the latter is applied in higlokgion analysis.

1.2.1Electrospray lonization (ESI) and atmospheric pugsschemical ionization (APCI)

The electrospray process involves the creationfofeaaerosol of highly charged micro droplets in
a strong electric field. Electrospray as an iomatechnigue for mass spectrometry was developed
by Dole and co-workers in the late 196Dand considerably improved upon by Yamashita and
Fenn who in 1984 coupled an electrospray source gaadrupole mass analySeA continuous
flow of solution containing the analyte from a higicharged (2-5 kV) capillary generates an
electrospray. The solution elutes from the capillaito a chamber at atmospheric pressure,
producing a fine spray of highly charged droplete do thepresence of the electric field (figure
1.2.2), a process called nebulisation. A combimatd thermal and pneumatic means is used to
desolvate the ions as they enter the ion source.

Taylor cane

mabile
phase [

capillary /

~ 3Ky spray of finz
droplets

desclvation gas

+ ion
? evaporation

Ry i
Hhamr Coulomb

& ]
- * explosion
solvent evaporated from droplets @ \@

Figure 1.2.2.The desolvation process.

The solvent contained in the droplets is evaporhted warm counter-flow of nitrogen gas until the
charge density increases to a point at which thels@n becomes of the same order as the surface
tension. The droplet then may fragment in whaersied a ‘Coulomb explosion’, producing many
daughter droplets that undergo the same procdssatdly resulting in bare analyte ions.

An alternative picture is one in which the ionsdperate’ from the surface of the droplet. Whatever
the exact mechanism, ESI is a very ‘soft’ mean®wization that causes little or no fragmentation
of the samplé®?'The electrospray ion source is at very high presgatmospheric) with respect to
the very low pressure that is required for ion safi@n by a mass analyzer, so the interface between
the two involve a series of skimmer cones (actirsy saall orifices) between the various
differentially pumped regions (figure 1.2.3). Eadgsigns had the capillary exit pointing directly
1C



1. Liquid chromatographic separations and mass spatwetry

into the mass analyzer but to limit contaminatioacgically all modern designs have an orthogonal
(or at least off-axis) spray direction.

capillary
:h ~ 3 kv
{ :; sampling

desclvation oane
gas

cleanable
baffle

to
pump

skimmer
oone

to
to mass pump
analyser

Figure 1.2.3.An electrospray source.

The ions are drawn into the spectrometer propeautiir the skimmer cones. A voltage can be
applied (the cone voltage), which will accelerdtte ibns relative to the neutral gas molecules. This
leads to energetic ion-neutral collisions and fragtation due to what is termed collision induced
dissociation (CID¥. The remaining bath gas is pumped away in stagesrder to attain the high
vacuum necessary for separation of the ions) amabtis are focused through a lensing system into
the mass analyzers.

The appearance of multiply charged species endbfeis to characterize compounds whose
molecular weight would otherwise be far in excetshat accessible to most mass analy3éfs
Biological macromolecules tend to accumulate oneafrcharge for every 1 — 2000 Da, so nearly
all proteins, for example, produce signals in thgion of 1 — 2000 m/z, regardless of their actual
molecular weight. lonization of a neutral analytiken occurs by protonation, or alternatively
cationisation, with an adventitious cation presarthe solvent used, such as'NK* or NH;". In
some cases, adduct ions with several cations ceur,ogiving [M + HJ, [M + NH4]*, [M + NaJ'

and [M + K[ ions. Atmospheric-pressure chemical ionization ¢4F2° is another of the
techniques in which the stream of liquid emergirgnf an HPLC column is dispersed into small
droplets, in this case by the combination of healt @ nebulizing gas. In this case the liquid flew i
passed through a pneumatic nebulizer where thelalsogre both generated and desolvated. The
successive neutral dried spray, obtained by a deatgon, passed through a corona discharge were
the analyte are ionized. The mechanism is a chémicaation but an atmospheric pressure were is
necessary, for initial gas ionization, utilizedaana discharge(fig. 1.2.4).
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Figure 1.2.4.APCI source.

Then, the ions produced by the interaction of tleetens with the surrounding gas, undergo a
number of reactions leading to the generation attiee ions which interact with the analyte
molecules present.

The reagent species in the positive-ion mode magobsidered to be protonated solvent ions, and
in the negative ion modeQits hydrates and clusters. Is also possible tmedition of cluster
involving solvent molecules which can removed wide a “curtain gas”. Finally, this technique
can be applied both volatile and thermally stablé enoderate polar compounds but the ionization
regime is much more harsh that ESI and this predts use for the study of large biomolecules,
with the mass limit for APCI being generally coresied as below 2000 Da.

1.2.2 Common Mass analyzers: quadrupole and TOF

Quadrupole mass analyzers consist of four paratlds arranged as in Figure 1.2.5. Applied
between each pair of opposite and electrically eated rods are a DC voltage and a superimposed
radio-frequency potential.

A positive ion entering the quadrupole will be dratowards a negatively charged rod but if the
field changes polarity before the ion reaches will change direction. Under the influence of the
combination of fields the ions undergo complex ex&prie$”?°. Within certain limits these
trajectories are stable and so ions of a certamarg transmitted by the device, whereas ions with
different m/z values will have an unstable trajegtand be lost by collision with the rods.

The operation of a quadrupole mass analyzer isllysieated in terms of a stability diagram that
relates the applied DC potential (U), the appliegatential (V) and the radio frequenay)(to a
stable vs unstable ion trajectory through the quaale rods.

12
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gquadrupole
raods

from

source [::Z;is

stable trajectory detector
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optics
Figure 1.2.5.Diagram of a quadrupole mass analyzer.

....... deflected to rods

A qualitative representation of a stability diagriona given mass m is shown in figure 1.2.6; a and
g are parameters that are proportional to U/m afma Mspectively: changing the slope of the scan
line will change the resolution. Quadrupoles hatveepfunctions besides their use as a mass filter.
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Figure 1.2.6.Stability diagram.

An rf-only quadrupole will act as an ion guide fmns within a broad mass range. In such
applications, hexapoles or even octapoles are eftguioyed.

The time-of-flight (TOF3°*° mass analyzer separates ions in time as theyl ttaven a flight tube
These instruments have high transmission efficienoyuppem/zlimit, very low detection limits,
and fast scan rates. In the source of a TOF analgzeacket of ions is formed by a very fast (ns)
ionization pulse. These ions are accelerated meoflight tube by an electric field (typically 2-25
kV) applied between the backing plate and the acagbn grid. Since all the ions are accelerated
across the same distance by the same force, tiveytha same kinetic energy. Because velogity (
is dependent upon the kinetic energy (E ) and rfrasbghter ions will travel faster.

The velocity of an ion\ is determinate as a function of accelerationagst and m/z value(

equation 10):
_ |2zeV
V= (eq 10)

After the ions accelerate, they enter a 1 to 2 nfégit tube(fig. 1.2.7). The ions drift throughis
field free region at the velocity reached duringederation. At the end of the flight tube theykstri

a detector. The time delay (t) from the formatidnttee ions to the time they reach the detector
dependents upon the length of the drift region (b mass to charge ratio of the ion, and the
acceleration voltage in the source (equation 11):

13
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mD
t= Py (eq 11)
This second equation shows that lawzions will reach the detector first. The mass speuotis
obtained by measuring the detector signal as aiumof time for each pulse of ions produced in
the source region. Because all the ions are deétet@F instruments have very high transmission

efficiency which increases the S/N level.

SOUrce drift region (field-free)
=
jons
accelerated Qe
OO fastest
(=3 -
Qoo

detector

Oo°°°2|

Q
MNumber lightest © heaviest
B - .
ions o Q output

| ‘ ‘ -

time (im/z)

Figure 1.2.7.The essential of TOF optics.

slowest

The ions leaving the ion source of a time-of-flighdss spectrometer have neither exactly the same
starting times nor exactly the same kinetic ensrgienprovements in time of-flight mass
spectrometer design have been introduced to comapeerfer these differences, and the most
dramatic improvements in performance come withube of a reflectroft

This is an ion optic device in which ions in a tiofeflight mass spectrometer interact with an
electronic ion mirror and their flight is reversadns with greater kinetic energies penetrate deepe
into the reflectron than ions with smaller kinaticergies. The reflectron will decrease the spread i
the ion flight times, and therefore improve theofeson of the time-of-flight mass spectrometer.
Orthogonal TOB? analyzers are employed in conjunction with cortimiion sources, especially
ESF3, and in hybrid instruments. The continuous ionrbés subjected to a pulsed electric field
gradient at right angles (orthogonal) to the dioecbf the ion beam. A section of the ion beam is
thus pulsed away instantaneously and can be melssireg a TOF analyzer (fig. 1.2.8).

ion
beam
reflectron

pulsing
electrode

multichannel
ion collector

Figure 1.2.8.0rthogonal TOF.

Orthogonal TOF analyzers can accumulate tens afstads of spectra per second and these are
summed to provide spectra with high signal-to-nogm®s.
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1.2.3 Hybrid mass analyzers: triple quadrupole &gl OF

In a triple quadrupole, two mass analyzers are ragg by an rf-only quadrupole used as a
collision cell (fig. 1.2.9). MS/M%' experiments are easy to set up on triple quadespaind are
especially valuable when examining complex mixtuoédsions. Each ion may be selected and
individually fragmented to provide structural infioation exclusively on that ion, without any need
for consideration of interference from other iomshe mixture.

\Y; Q q Q

S N (N (e 5
N (N (e
Figure 1.2.9.Scheme of triple quadrupole.

With this analyzer is possible to carry out difigrerocesses in tandem mass spectrometry.
The processes are:

* Product ion scan;the first quadrupole is set so that it passes @ng of a certain m/z
value, the rf-only quadrupole contains an inertigioh gas (typically argon) to
assist in the creation of fragment ions and threl tiadrupole scan the mass range of interst
and generates a daughter ion spectrum.

e Precursor ion scan;MS1 scan through all ions, which are fragmentethacollision cell,
and MS2 is set to detect only product ions of éatemass.

* Neutral loss scanithis involves setting up MS1 and MS2 to scan irafla but offset by a
set mass differencam.

» Select reaction monitoring; both MS1 and MS2 are settled on only one ion, fadre
daughter respectively.

The most popular Hybrid of TOF analyzer is certaithe quadrupole/oa-TGE In these
instruments (fig. 1.2.10), the first mass analy&4$1) is a quadrupole, which acts simply as an rf-
only ion guide in MS mode.

q [ ] pusher detector
ion = Lt g Tt e s | 1
- —— - .
sSOUrce » _' L il o
[ =1 [
MS1 collision cell
{quadrupole) {quad- or hexapole)

reflectron

Figure 1.2.10.Quadrupole/oa TOF.
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Next is a collision cell, followed by the oa-TOF §#). To collect MS/MS data, MS1 is used to
select a single ion, which is then fragmented m ¢bllision cell, and MS2 is used to collect the
daughter ion spectrum. Fast, highly efficient, #aesand capable of high resolution, the Q/TOF
provides higher quality data than the popular erigluadrupole, though it is less suitable for
guantitative work.

1.3 Liquid chromatography-Mass spectrometry

The development of new ionization methods as E8IARCI, has been fundamental for coupling
liquid chromatography to mass spectrométrfhey represents perfect LC-MS interfacing
technologies. Even LC-nano ESI is feasi§laNith these interfaces is possible to remove the
incompatibility between HPLC, utilizing flow ratesf ml/min of a liquid, and the mass
spectrometer, which operates under conditionsgif kkacuum. It's due to the fact which ionization
occurs directly from solution and consequentlyvadidonic and thermally labile compounds to be
studied.

This combination allows more definitive identificat and the quantitative determination of
compounds that are not fully resolved chromatogcabi.

The major advantage of this coupling is the poltgibio study a range of analyte, from low
molecular-weight drugs and metabolitesl(00 Da) to high-molecular-weight biopolymersi 00
000 Da). Method development requires the analyg&tentify the variables (factors) that are likely
to affect the result of the analysis and to cauyexperiments that allow those that have an effect
on the final outcome to be identified. Having idBed the factors of importance, experimental
design finally allows the precise experimental dbods that give the ‘best result to be
determined. This ‘factors’ could include for HPLiie composition of the mobile phase, its pH and
flow rate’’, the nature and concentration of any mobile-pteaiditive, buffer or ion-pair reagent,
the make-up of the solution in which the samplénjected for the ionization techniqiie spray
parameters for electrospray source, nebulizer tesyoe for APCI, nature and pressure of gas in
the collision cell if MS—MS experiment is perform&d

1.3.1 LC-MS for low molecular weight compounds.

When ‘low'-molecular-weight compounds are involvédth APCI and electrospray ionization are
potentially of value and the first task is to decuhich of these will give the more useful datae Th
choice of interface is relative to polarity of sdempAPCI for low- to medium-polarity and
electrospray for medium- to high-polarity.

In general terms, electrospray ionization is cosi®d to be concentration sensitive at ‘low’ flow
rates and mass-flow-sensitive at ‘high’ flow ratedjile APCI is considered to be mass-flow-
sensitive. Some compounds may be ionized very tafédg under positive-ionization conditions,
while others may require the formation of negatoses to allow analysis. Structural studies of low
molecular weight compounds may require the extéfitagmentation to be maximized, but in this
way is important to have an high resolution analylog calculate an exact mass so father as
daughters ions. This factor is fundamental for adeempounds which differ few mDa one another.
Quantification may require the opposite, the efiiti production of a small number of ions of
differentm/zratios, in order to maximize sensitivity.
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1. Liquid chromatographic separations and mass spatwetry

Quantification involves the comparison of the irgign of response from an analyte (‘peak’ height
or area) in the sample under investigation withitibensity of response from known amounts of the
analyte in standards measured under identical empetal conditions.

The attributes required of a method usually inclgded sensitivity, low limits of detection, and
selectivity. Good selectivity allows the measurigghal to be assigned, with certainty, to the arealyt
of interest rather than any interfering compoundisctv may be present. Low limits of detection
allows to reveal very few quantities of compountlkere are three methods for quantification
utilizing the standard solutiorexternal standard, standard additions and intestealdard. The
former is the main method used when the detector isnass spectrometer. Quantitative
methodology employing mass spectrometry usuallpliras selected-ion monitoring or multiple
reaction monitoring, sometimes using a labelledriml standard for accurate quantification.

It is the role of the analyst to choose these we=dmpositions, in association with
chromatographic performance, to provide sensitiaity selectivity such that when incorporated
into a method the required analyses may be castéavith adequate precision and accuracy.
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2. LC/MS applications on food chemistry

The development of LC/MS technigd@shas been fundamental for the analysis of mixtuies
secondary metabolites from plants and friittsThe powerful of this type of analysis is very
important in order to improve the research inadifience.

Historically, consumption of particular fruits amegetables was thought to prevent or cure aliments
ranging from headaches to heart disease. In facty enedicine revolved largely around the
prescription of specific food concoctions for certalisorders. Until relatively recently, these
attributes of vegetables and fruits were based moreeliefs than on scientific evidence, but during
the recent years many studies have examined diereship between vegetables fruit and health. It
has been estimated that up to 70% of all cancettidbuted to diet> Nowadays, the scientific
evidence regarding a role for vegetable and fraiisumption in cancer prevention is generally
consistent and is supportive of current dietaryomemendations. A different type of micro-
components called PPT (phenols, polyphenols andintanwith various mechanisms, may help
protect against canc&}’ Continued attention to increasing vegetable anitl ifitake is important.
For this reason the structural identification ofmneompounds derived from these matrixes was
becoming an important field of research in whiclk ttevelopment of hyphenated methods, like
automated semi- or preparative LC-MS, given a vsignificant contributiort® For a more
complete structure elucidation, the complementaiigrmation derived from NMR is indispensable.
Further developments may be expected with regardsiniaturization, that is, the coupling of
micro- and/or nano-LC, to tandem-MS and NMR instents: this should facilitate the analysis of
minute samples, and help to create better operatmglitions for NMR detection. However, the
progress in this area has been slower than wascseveral years addln the near future, both,
LC with tandem MS detection and preparative LC/M@!, continue to play a dominant role in this
analysis.

On other hand, quantitative LC-MS/MS methodologyigized in food safety, agricultural and
forensic chemistry®?2 In food safety, there are different problems relate chemicals in
foodstuffs. Quality and safety control and the validation o§m are hot issues in the production of
food and its distribution, and are of primary camce food and agriculture organization. Modern
mass spectrometry (MS) provides unique, reliabt affordable methodologies to approach with a
high degree of scientificity any problem which nisg/posed in this field. Quality and safety are the
two main issues related to genuineness of proceasddfresh aliments. The specificity and
sensitivity of MS methodologies has become offlgiaécognized by international quality-system
control-bodies and the exploitation of multistaga analysis has become mandatory to adhere to
worldwide regulations regarding the recognitionfraiud and bad practices in food manipulation.
The production and consumption of food is centrany society, and has economic, social and, in
many cases, environmental consequences. Althouglhhgrotection must always take priority,
these issues must also be taken into account idetxeopment of food policy.
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2.1 Flavonoids

Flavonoids constitute a large group of naturallguyang plant phenols that cannot be synthesized
by humans. They are characterised by the carbdetskeC6-C3-C6 derived from shikimic acid
pathway. The basic structure of these compoundsisignof two aromatic rings (commonly
designated as A and B)linked by a three-carboratip chain which normally has been condensed
to form a pyran (C) or, less commonly, a furan ring

The main classes of flavonoids, including flavorfés/onols, isoflavones, flavonones (fig. 2.1.1)
occur in all types of higher plant tissu&$* Approximately 90 % of the flavonoids in plants occu
as glycosided® Usually the aglycones are more active in bulk pti&% as well as in phospholipid
bilayers oxidatiorf® Many studies have suggested that flavonoids exMimitogical activities,
including antiallergenic, antiviral, anti-infamnoay, and vasodilating actions. However, most
interest has been devoted to the antioxidant &ctefi flavonoids, which is due to their ability to
reduce free radical formation and to scavenge fagkcals?®32 Other mechanisms of action of
selected flavonoids include singlet oxygen quergfiit* metal chelatiorf>®® as well as
lipoxygenases inhibitiod”*° The glycosides are less effective as antioxidahtn are the
aglycones?

Flavonoids with free hydroxyl groups act as fregigal scavengers, and multiple hydroxyl groups,
especially in the B-ring, enhance their antioxidaativity.*> There is no evidence that flavonoid
intake is protective against some types of caficbut they have a possible role again coronary
heart disease as some epidemiological studiestezfi8r

Anthocyanidins Isoflavones

Fig. 1.Molecular structures of flavonoids. The basic dioe consists of the fused A and C ring, with therp/ ring B
attached to through its 10 position to the 2-positif the C ring (numbered from the pyran oxygen).
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The antioxidant efficacy of flavonoids in vivo iesk documented, presumably because of the
limited knowledge on their uptake in humans. Foaregle only a weak but insignificant inverse
correlation was observed for flavonoid consumptma coronary mortalit§> They are generally
poorly absorbed from food, and extensively degradedhrious phenolic acids, some of which still
possess a radical scavenging abiftypally, accordingly, the present epidemiologicata] far from
conclusive, evidence a possible protective roledietary flavonoids, thus making desirable a
regular consumption of foods and beverages ridlaionoids but is also important to change their
role as health-promoting dietary antioxidants anete these observations in a broader context
embracing other dietary phenols, and mechanisnes thlan simple radical scavenging and radical
suppressiof®

2.1.1 Flavonoids in food

All foods of plant origin potentially contain flanoids'’*® and over 4000 individual compounds
have previously been identifiéd.

Catechins, flavonols, and proanthocyanidins arendaut in fruits. In contrast, flavanones and
flavones are restricted to citrus varieties sucloranges and lemons; in some fruits (e.g., apples),
flavonols are principally present in the skin arghte peeling significantly reduces levels unlike
catechins which are found in the flesh of fruits.

Quercetin is the most common flavonol in fruitshaligh kaempferol and myricetin have also been
identified in fruits such as peaches and pearscarmmations are generally too low to be readily
guantified in the whole fruit. Often termed thau# flavonoids, flavanones are only found in citrus
fruits such as oranges, grapefruit, and lemons.

Allium, Brassica, and Lactuca varieties of vegetaldre abundant sources of flavonols, primarily
guercetin and kaempferol while catechins are atenmost common flavonoids in beverages such
as fruit juice, tea, and wine. Wine also containscamplex mix of catechins, flavonols,
procyanidins, and flavanones. Procyanidins usuafyresent 50% of the flavonoids found in red
wine, followed by catechins (37%). A similar prefilis observed with beer where again
procyanidins dominate accounting for 42% of tolavdnoid content. Concentrations of flavonoids
in foods can vary by many orders of magnitude duthé influence of numerous factors such as
species, variety, climate, degree of ripeness, @ogd harvest storad@The flavonoid content of
plant foods may be affected by growing conditioRtavonoid profiles are also influenced by
irrigation, which, for example, modifies concenitvas and types of anthocyanins and catechins in
berries>®

Effects of varietal differences as flavonoid substs can vary widely between different cultivars of
fruits and vegetable¥.In general, industrially produced products sucheas red wine, and fruit
juice have significantly different flavonoid levedmd profiles than the original fresh prodtfct:
Processing and preservation can expose fresh geotluincreased risk of oxidative damage and
the activation of oxidative enzymes such as polpphexidase€’Domestic preparation procedures
may also affect flavonoid contetttinitial estimate of flavonoid intake of 1000 mg/d4yhas been
increased including the aglycon fothand the different source related to different ddes®
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2. Liquid chromatographic separations and mass spetetry

2.1.2 Citrus flavonoids

Bergamot is the common name of the fruit Citrusgheria Risso, which belongs to Rutaceae
family, a subfamily of Esperidea. The uniquenesbarfjamot trees is represented by a habitat that
is virtually restricted to the coastal region oétlonian Sea in the southern Calabrian region of
Italy. This area presents favorable weather andgmadatic conditions for its cultivation. Three
cultivars of bergamot (“Castagnaro”, “Fantasticafid “Femminello”) are commercially grown and
then industrially processed, exclusively to extthetr essential oils. The industrial processingsus
an indiscriminate mix of the three cultivars. Iretpast, bergamot has been highly valued by the
cosmetic and perfume industry since its essenceelg rich in terpenes, esters, and alcohols
possessing a very characteristic and intense fiagrarhe development of synthetic essential oil
production led to a drastic drop in commercial dechéor bergamot. However, over the past few
years, following the growing interest in antioxiddmactive compounds and their dietary sources,
such as Citrus juices, bergamot juice has attraatishtion as a result of its remarkable flavonoid
content.

Flavonoids identified in Citrus fruits cover ovef) @ypes, divided in five classes: flavones,
flavanones, flavonols, flavans and anthocyanine [@ist only in blood oranges). In particular, this
genus is characterized by the accumulation of lgugmtities of glycosylated flavanones, which are
the first intermediaries in the flavonoid biosyrtibepathway. The most common sugar moieties
include D-glucose and L-rhamnose. The glycosidesuauallyO-glycosides, with the sugar moiety
bound generally to the aglycone hydroxyl group &t, ©r at the C-3 in some cases. In addition to
these,C-glycosides have also been detected in var@itisis fruits or juices.Table 1 presents the
flavanone aglycones of recovered glycosideSitnus juices. All these aglycones have a skeleton in
which two hydroxyls are present at the C-5 and ib3itions. In hesperetirL) and isosakuranetin
(4) the C-4’ position is methoxylated. The flavandagifolin (3) contains a hydroxyl group in the
C ring C-3 position, and can thus also be classde a flavanol.

Compound name R, R, R;
1 Hesperetin H OH OMe
2 Naringenin H H OH
3 Taxifolin OH OH OH
4 Isosakuranetin H H OMe
5 Eriodictyol H OH OH

Table 1.Flavanone aglycones.

Flavone aglycones are summarizedrable 2. Acacetin 6) and diosmetin12) present a methoxy
moiety at C-4’ position, whereas in chrysoeriol thethoxyl group is bound to C-3'. Kaempferol
(9) and quercetin10) both bear hydroxyl group at the 3 position and aften referred to as
flavonols. Table 3 shows the group of compounds classified as polgoxgflavones (PMFs).
These are usually found as components of the damiseils fraction ofCitrus peels’. Hand-
squeezed juices contain no detectable tracesotkiss of compountfs Commercial juices, on the
other hand, are rich in PMFs because the indugtriatessing of fruits leads to juices being

contaminated with the peel constituents.
22
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Table 2. Flavone aglycones.

Compound name R, R, R; Ry
6 Acacetin H H H OMe
7 Isoscutellarein H OH H OH
8 Luteolin H H OH OH
9 Kaempferol OH H H OH
10 Quercetin OH H OH OH
11 Apigenin H H H OH
12 Diosmetin H H OH OMe
13 Chrysoeriol H H OMe OH
Rj
OMe
Rz
MeO _ | O ‘
MeQ S R4
OMe ©

Table 3. Polymethoxyflavones.

Compound name R, R R;
14 Quercetogetin OMe H OMe
15 3.37.4°,5,6,7,8-

Heptamethoxyflavone OMe  OMe  OMe
16 Natsudaidain OH OMe OMe
17 Nobiletin H OMe OMe
18 Sinensetin H H OMe
19 Tangeretin H OMe H
20 Tetramethylscutellarein H H H

The flavanoneD-glycosides found so far in juices are listedTeble 4. These derivatives have a
glycosyl substitution exclusively at the C-7 pasiti (on ring A). Furthermore, only two
disaccharides have so far been identified in thoesig of compounds, and both are L-rhamnosyl-D-
glucosyl derivatives: rutinose, which presents 16 interglycosidic linkage, and neohesperidose,
in which the two sugars are linked via-d,2 interglycosidic bondsigure 2).
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Table 4. Flavanone-O-glycosides.

Compound name R R, Rs
21 Isosakuranetin 7-O-rutinoside a
. .. .. O-Ru 5| OMe
(Didymin, Neoponcirin)
22 Eriodictyol 7-O-rutinoside a
o O-Ru OH OH
(Eriocitrin)
23 Hesperetin 7-O-rutinosid
espelel 11.1 rutinoside O-Ru’ Ol OMe
(Hesperidin)
24 Naringenin 7-O-neohesperidosid
.“:1111_15’6.11111,r neohesperidoside ONK O OH
(Naringin)
25 Naringenin 7-O-rutinosid
5 .':1111.15_131}111,r rutinoside O-Ru u OH
(Narirutin)
26 Hesperetin 7-O-neohesperidosid
espere 111. . neohesperidoside O-NK Ol OMe
(Neohesperidin)
27 Eriodictyol 7-O-neohesperidosid
1o 1c_yo. _ neohesperidoside O-NK OH OH
(Neoeriocitrin)
28 Isosakuranetin 7-O-neohesperidosid
sosa Iul1mle n neohesperidoside ONK H OMe
(Poncirin)

“ O0-Rutinose: > O-Neohesperidose.

Figure 2. Rutinose and neohesperidose.

HO HO
/D 8]
HOM,C{ o L9 o
OH OH
Rutinose Neochesperidose

Flavone O-glycosides found in Citrus juices are generally ©-rutinosides or 7O-
neohesperidoside3gble 5), although a 3-rutinoside has also been reported, namely r@@). (
Citrus juices also contain a large number ofCdglycosides, along with smaller amounts of mono-
C-glycosides. For these compounds, substitution ieigdly on either the C-6 or the C-8, or on
both positiond>
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2. Liquid chromatographic separations and mass spetetry

Table 5. Flavone-C-glucosides and flavone-O-glycosides.

Compound name Ry R, R; Ry Rs Rs
Luteolin 6,8-di-C-glucoside . i

29 . H Glu OH Glu OH OH
(Lucenin-2)
Apigenin 6,8-di-C-glucoside . )

30 L H Glu OH Glu H OH
(Vicenin-2)
Chrysoeriol 6.8-di-C-glucoside .

31 ‘ H Glu OH Glu OMe OH
(Stellarin-2)
Diosmetin 6,8-di-C-glucoside .

32 . . H Glu OH Glu OH OMe
(Lucenin-2 4 -methyl ether)
Apigenin 7-O-neohesperidoside-4’-glucoside 5 .

33 e . H H O-Nh H OH 0-Glu
(Rhoifolin 4’-glucoside)
Chrysoeriol 7-O-neohesperidoside- 5

34 . . H H O-Nh H OMe OH
4’ -glucoside

15 Aplgicnm‘ 6-C-glucoside H Glu  OH H H OH
(Isovitexin)

36 Luteolin 7-O-rutinoside H H O-Rv* H OH OH

37 C.hr}’soe.rlol 8-C-glucoside H q OH Glu OMe OH
(Scoparin)

18 Dlo-sme-tm 8-C-glucoside H I Ol Glu  OH OMe
(Orientin 4 -methyl ether)

39 Que;‘cetin 3-O-rutinoside ORC T Ol H OH OH
(Rutin)

40 Aplg.ellll.l 7-O-neohesperidoside H . ONK © OIL OH
(Rhoifolin)

a1 Apigen.in ’;'I-O-rutinoside H H ORYC H Ol OH
(Isorhoifolin)

42  Chrysoeriol 7-O-neohesperidoside H H ONI’ H OMe OH
Diosmetin 7-O-rutinoside .

43 . H H O-Ru H OH OMe
(Diosmin)
Diosmetin 7-O-neohesperidoside s

44 H H O-Nh H OH OMe

(Neodiosmin)

? O-Rutinose; zjO-NeohesperidosE:.

Recently, our research group has identified, inwthele fruit juice, the presence of two new statin-
like flavonoid$?, Brutieridin and Melitidin (1, 2, chart), which & been isolated by liquid

chromatography (LC) assisted by UV and Mass Spewttoc (MS) detection and whose structure
was determined by extensive use of LC-MS/MS and Higld Nuclear Magnetic Resonance
(NMR) method&Figure 3.
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Figure 3: Brutieridin and Melitidin (1, 2, chart)

Brutieridin and melitidin, isolated and identifiees HMG conjugates of neohesperidin and
naringin, are present in bergamot fruit in concatiins ranges of approximately 300-500 and 150-
300 ppm, respectively, as a function of the ripgratage; these compounds may be found either in
the juice or in the albedo and flavedo of bergariiotthe best of our knowledge, the identification
of similar HMG conjugates in plants has been dbsdri only for Roman chamomile
(Chamaemelum nobjl&%°

Flavanone glycosyl compositions of peels and saeglguite unlike those of juices. The Citrus peel
and seeds are very rich in phenolic compounds, asighhenolic acids and flavonoids. The peels are
richer in flavonoids than the se€lsThe seed and peel compositions are not alwaysaime sn
Citrus fruits. The seeds of bergamot are the nmpbrtant source of the glycosylated flavanones,
naringin and neohesperidff’. The 7-O-glycosyl flavanones are the most abunélambnoids in

all Citrus fruit€®®®. The neohesperidoside flavanones, naringin, ngerien and neoeriocitrin, are
mainly present in bergamot, grapefruit and bitteange juices, while rutinoside flavanones,
hesperidin, narirutin and didymin, are present émgamot, orange, mandarin and lemon juites
Different tissues of the fruit also produce compdmisuch as diosmin and poncifin Flavanone
chemical structures are specific for every speaigsch renders them markers of adulteration in
commercial juice$*"*

2.1.3 Liquid chromatography/mass spectrometrystparation and structural determination.

A number and variety of methods for the detectiod guantification of flavonoid compounds in
fruit have already been develop&d’’ . Several analytical procedures allow the simeltars
determination of the various kinds of flavonoid ggides as flavanor@-glycosides, flavon®-
glycosides, flavon&-glucosides and polymethoxyflavones.

Qualitative and quantitative applications of higerfprmance liquid chromatography (HPLC) for
flavonoids analysis are nowadays, very common. dleesnpounds can be separated, quantified,
and identified in one operation by coupling HPLCuttraviolet (UV), mass, or nuclear magnetic
resonance (NMR) detectors. This excellent chromopligy of course, UV active and provides the
reason why flavonoids are so easy to detect. Feratmalytical HPLC of a given subclass of
flavonoids (flavones, flavonols, isoflavones, artyenins, etc.), the stationary phase, solvent, and
gradient have to be optimized. A very high promortof separations are run on octadecylsilyl
bonded (ODS, RP-18, or C18) phases. As solventafplication, acetonitrile—water or methanol-

water mixtures, with or without small amounts ofdaare very common. These are compatible
2€
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with gradients and MS/UV detection. API are softimation methods and do not typically produce
many fragments. This is useful in quantitative gsigl or molecular mass determination but is of
little use in structure elucidatidf°For flavonoid aglycones and glycosides with a Edinumber

of sugar units LC-MS provide only intense [M+Hdns for the aglycones and weak [M+Htins

of glycosides (mono- or disaccharide), togethehvintense fragment ions due to the loss of the
saccharide units, lead to the aglycone moiety [A+H§eneral type of fragmentations can be
showed in fig 4 were the nomenclature proposed byn@nh and Costelfd is applied. Further
structural characterization can be performed by M&MS and MS/MS analysis in high
resolution®? %

It's possible to establish the distribution of stitbents between the A- and B-rings and also the
determination of the nature and site of attachmeéite sugars in O- and C- glycosid&&® Online
accurate mass measurements of all MS/MS fragmeats wbtained on the Q TOF instrument,
allowing molecular formulae of compounds to be assé directly. In order to obtain NMR
structural elucidation must be have an adequatetiqpaf unknown compounds. For this reason is

necessary to make a preparative steps for théatiso.

Figure 4.Fragmentations of flavonoid glycositfe.

After sample extraction ideal strategy consist previous medium-pressure liquid chromatography
(MPLC)***® and successive purification by semi-preparative €PThe former covers a wide
range of column diameters, different granulometrghing materials, different pressures, and have
a high loading capacity (1:25 sample-to-packingeriat ratid%), the latter use columns of internal
diameter 8 to 21 mm, often packed with 10 um (oalém) particles and both isocratic and gradient
conditions are employed>*

Despite the intense research activity on the coitipof flavonoid fraction, some questions still
remain unanswered; many flavonoids present in lowcentrations remain unidentified or only
tentatively identified, due to the lack of standari the difficulty of isolating sufficient amoumnof
them from the matrix, and to the difficulty of shiesizing them due to their structural complexity.
In recent years, interest in microcolumn LC hasaased considerably. This is mainly due to the
ability to work with small sample size, small volatric flow-rates, and to the enhanced detection
performance obtained with the use of concentrademsitive detectors as a result of the reduced
chromatographic dilutiod>®. In the analysis of food samples, only few papeport the use of
micro and capillary HPLC columns, although theiefuthess in the characterization of minor
components in food samples has been demonsttatddrhe coupling of powerful and sensitive
analytical techniques such as micro-LC with ESI/BEh permit more extensive investigations of
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the flavonoid fraction in citrus juices and genlrah many other natural complex matrices than
conventional HPLC study. In this paper, microboE8Columns have been used for the HPLC-
ESI/MS analysis of flavonoids in five citrus juicdemon, mandarin, sweet orange, grapefruit and
bergamot Figure 5, Table §°.

intensity 1000
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] 12 5 A
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Figure 5. Micro HPLC-ESI/MS chromatogram of the flavonoids a bergamot juice. TIC chromatogram and ion
chromatograms extracted at m/z corresponding to niodecular weight of the detected flavonoids. Faalp
identification, see Table 6.

Compound RRt MS L
1. Apigenin 6,8-di-C-glucoside 1 593 x x X
5,7,4-trihydroxyflavone 6,8-di- C-B-D-glu
2. Diosmetin 6,8-di-C-glucoside 1.06 623 X x x
5,7,3-trihydroxy-4’-methoxy flavone 6,8-di-C-p-D-glu
3. Apigenin 7-(malonylapiosyl)-glucoside 1.18 649 x x x
5,7.4'-trihydroxyflavone 7-O-{malonylapiosyl) glu
4. Eriocitrin® 1.25 595/287 X
5,7,3 4'-tetrahydroxyflavanone 7-B-rutinoside

5. Neoeriocitrin® 1.32 595 x® x
5,7,3 4-tetrahydroxyflavanone 7-p- nechesperido-
side

6. Narirutin a(Naringenin 7-f-rutinoside) 1.45 579/271 x° x= x
5,7.4'-trihydroxyflavanone 7-p-rutinoside
7. Rutin® 1.40 609/301 x
3,5,7.,3,4"-pentahydroxyflavone 3-p-rutinoside
8. Diosmetin-6-C-B-D-glucoside 1.42 461 X
5,7,3-trihydroxy-4’-methoxy flavone -6-C-3-D-glu
9. Naringin® 1.563 579 x x
5,7.4-trihydroxyflavanone-7-p-nechesperidoside

10. Hesperidin® 1.56 609/301 x x x x
5,7,3-trihydroxy-4"-methoxyflavanone 7-B-rutinoside

1%
1% | @

1%
1%

[

11. MNaringenin 4-O-xylosil-glucoside 1.61 565
5,7, 4 trihydroxyflavanone 4’-O-xylosylglu
12. Meohesperidin® 1.67 609 x x x
5,7.3'-trihydroxy-4-methoxyflavanone 7-p-nechesper-
idoside

13. Diosmin® 1.68 607/299
5,7,3-trihydroxy-4'methoxyflavone 7-B-rutinoside
14. Neodiosmin® 1.75 607 x x
5,7,3'-trinydroxy-4'methoxyflavone 7-p-nechesperido-
side

15. Apigenin 7-Rutinoside 1.68 577/269 x®
5,7, 4 trihydroxyflavone 7-B-rutinoside

1%

1%
%

16. Rhoifolin (apigenin-7-neohesperidoside) 1.75 577 x
5,7.4'-trihydroxyflavone-7- f-nechesperidoside

17. Iso-fLimocitrol 3-p pD-glucoside 1.66 537/375 x
3,5,7,3-tetrahydroxy-6,8, 3"-trimethoxyflavone 3-3-D-
glu/3,5,7,3 -tetrahydroxy-6,8, 4 -trimethoxyflavone
3-B-D-glu

18. Limocitrin 3- p-glucoside 1.69 507 x
3,5,7 4 -tetrahydroxy-8,3'-dimethoxyflavone 3-B-D-glu
19. Didimin= 2.04 593/285
5,7-dihydroxy-4"-methoxyflavanone 7- O-rutinoside
20. Pongirin® 214 593

5,7-dihydroxy-4"-methoxyflavanone 7- O-nechesperi-
doside

1%
*
x

1%

Gilu: glucoside.

2 |dentified with standard component.

B Identified only with the microHPLC column.

x identified for the first time.

L: lemon; G: grapefruit; M: mandarin; O: orange; B: bergamot.

Table 6.Flavonoids in Citrus juices detected using a niiore column in HPLC-ESI/MS analysis.
28



2. Liquid chromatographic separations and mass spetetry

Bergamot juice is a complex food matrix and thentdg of its components can be correctly
assessed by LC coupled with DAD and a tandem mpsstremeter. The identity of several
flavonoids and furanocoumarins was assessed byhrmoratography, UV spectra and molecular
weight comparison. The unknown compounds were digtm by induced collision (CID-MS) and
their identity established through the characterigins product. By this approach a complete
profile of about twenty compounds (furano-coumaritessonoids C- and O-glycosides) present in
BJ was obtainedHgure 6-7). Furthermore, three acylated flavanones, pregergmounts of
20.1+1.1, 89.3+£2.2 and 190.1+3.1 mg/L, respectivaiyd which seem to correspond to di-oxalate
derivatives of neoeriocitrin, naringin and neohesiie, were identified for the first time in BJ
(Table 7)1,

Peak Flavanones R~ R
1 eriocitrin Rut OH
2 neoeriocitrin nH OH
3 naringin nH H
4 neoeriocitrin-di-oxalate nH-di-ox OH
5 neohesperidin nH OCHS;
6 naringin-di-oxalate nH-di-ox H
7 neohesperidin-di-oxalate nH-di-ox OCH;3

Rut=rutinose, nH=neohesperidose.

nH-di-ox = nH-di-oxalate

Pealk Flavones Rs R~ Rs Ra: Ry
A |lucenin-2 gle H gle OH OH
B vicenin-2 glc H glc H OH
C stellarin-2 glc H glc | OCHz3 OH
D |D-6.8-di-C-glc glc H glc OH OCH;
E isovitexin gle H H H OH
F A-B-C-glc H H glc H OH
G | scoparin H H glc | OCH; OH
H | orientin H H glc OH OCH;
I rhoifolin H -nH H H OH
L |C-7-O-nH H -nH H | OCH; OH
M | neodiosmin H -nH H OH OCH;
C: chrysoeriol, D: diosmetin, A: apigenin, glc: glucose
T HO - OR,
B R
7 L ] HO ©
S PN
o = o o OR,
Furanocoumarins Caffeic acid derivatives
Peak Name R Peak Name R Ro R3
a Bergapten OCH; X1 |di-acetyl Caffeic acid H COCH; | COCH;
b Bergamottin | CH,CHC(CH;)CH,C(CHj3); X2 Ferulic acid hexose H CH; hexose
X3 Sinapic acid hexose OCH; CH; hexose

Figure 6. Structures of flavonoids, cinnamic acid derivatia@sl furanocoumarins founds in BJ.
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Figure 7. Typical chromatograms of bergamot juice at 282 Ajrad 330 nm (B).

Peak mg/L Peak mg/L
1 9.6x=1.1 F 2.8+0.3
2 73.3x1.6 G 9.1+£0.7
3 167.5£1.8 H 6.0+£0.3
4 20.1x1.1 I 46.4x1.9
5 123.9+1.7 L 7.8+0.4
6 89.3+2.2 M 23.1x1.4
7 190.0£3.1 a 9.0+£0.4
A 1.3+0.1 b 18.2+0.5
B 38.6x£2.1 X1 1.6+£0.2
C 25.8+1.3 X2 12.6x0.9
D 2.0£0.1 X3 12.1+0.8
E 2.1£0.1

Table 7. Content of flavanone-O-glycosides-{), flavone-C-glucosidesAtH), flavone-O- neohesperidosiddsM ),
cinnamic acid derivative(L-3) and furanocoumaring{b) in BJ.
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2.2 Phenolic compounds iOlea europaea L.

Biophenolic compounds are natural phenolic biomdésc widely distributed in plants (principally
fruits, and in minor amount, flowers, leaves andeot vegetable organs) present in the
Mediterranean diet. They may occur in various farfreee or in a conjugated form, mainly with a
sugar molecule or as esters. With the term biopeen@ include not only compounds with
phenolic molecular structures, but also related paunds as metabolites or degradation products.
Like many fruits and vegetables, olive drupes conbdophenols distributed in the olive mesocarp,
the pulp, and also in the seed. The olive fruichsracterised by the epicarp (skin), with a soft,
pulpy flesh (mesocarp), and the endocarp (stavi@gh contains the seed or kernel. In ripe olives,
the seed makes up some 2—3% of the total masstdhe 13-23% and the flesh or mesocarp some
84—-90% but occasionally as low as 65%. The comipasitf the flesh, stone and seed components
is given inTable 8 but clearly the components of the flesh are qtetntely the more important.
The flesh components pass either as is or transimo the oil, which is mainly composed of
triacylglycerols with small quantities of free fattacids, glycerols, phosphatides, pigments,
carbohydrates, proteins, flavour compounds, phestdsols and unidentified resinous substances.
Oil components from the seed, though a minor coraprstill become part of the olive oil but do
not have the same composition as that from thh.fles Factors contributing to the variability in
phenolic distribution include the cultivar and gBcg maturity, climate, position on the tree,
rootstock and agricultural practices. In the cakprocessed products, technological processes to
which olive fruits are exposed may also impact ificemtly on the phenolic content. There are
approximately 2500 known varieties of olives, 25@uwich are classified as commercial cultivars
by the International Olive Oil Council (I0OOC). Theexommercial cultivars are used for the
production of either olive oil or table olives. Tharticular use of a given cultivar is determingd b
its oil content and size, with larger fruits ( g@being favoured for table olive consumptt§h®3

Constituent Flesh Stone Seed
Water 50—60 03 300
Oil 15-30 0.7 273
N matter 2-5 34 102
Sugars 3-75 41.0 26.6
Cellulose -6 38.0 1.9
Ash 1-2 41 1.5
Phenolics 2=2.5 0.1 0.5-1.0
Intermediare 34 2.4

Table 8: Olive fruit composition

The virgin olive oil (VOO) hydrophilic phenols caitate a group of secondary plant metabolites
showing peculiar organoleptic and healthy propgtiThey are not generally present in other oils
and fats. VOO contains different classes of phenoiimpounds Table 9, Figures 8 and ¥
Phenolic acids, represented by caffeic, vaniliicirgic, p-coumaric ,0-coumaric, protocatechuic,
sinapic,p-hydroxybenzoic and gallic acid, were the firstigsmf phenols discovered in VOO.
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Phenolic acids and derivatives Hydroxy-isocromans

Vanillic acid

Syringic acid Phenolic alcohiols

p-Coumaric acid {3.4-Dihdroxyphenyl) ethanod (3,4 DHPEA)
o-Coumanc acid (p-Hydroxyphenil) ethanol {p-HPEA)
Gallic acid (3 4-Dihdroxyphenyl | ethanol-plucoside
Caffeic acid

protocatechuic acid
p-Hidroxybenzoic acid

Ferulic acid Flavones
Cinnamic acid Apigenin
4-{pcetoxyethil}-1 2-Dihydoxybeénrens Lutenlin
Benzoic acid

Lignans

(+Acctoxypinoresinoel

{+Pinoresinol

Secoiridoids

Dialdehydic form of decarboxymethy] elenolic acid linked to 3 4-DHPEA (3.4 DHFEA-EDA)
Dhaldehydic form of decarboxymethy] elenolic acid linked o p-HPEA (p-HPEA-EDA)
Oleuropein aglvoon (3.4 DHPEA-EA)

Ligstroside aplycon

(Meuropein

p-HPEA-derivative

Dialdehydic form of oleumpein aglycon

Dialdehydic form of ligstroside aglycon

Table 9: phenolic composition of virgin olive oil (VOO)

Phenolic  alcohols include  (3,4-dihydroxyphenyletbla (3,4-DHPEA) and -
hydroxyphenyl)ethanolptHPEA); their concentration is generally low indreoils but increases
during oil storage since the hydrolysis

of VOO secoiridoids such as 3,4-DHPEA-EDg, HPEA-EDA and 3,4-DHPEA-EA containing
3,4-DHPEA andp-HPEA in their molecular structure§igure 9)*%. Flavonoids like luteolin and
apigenin were also reported as phenolic componehis00 by Rovelliniet al. (1997} The
lignans include (+)-1-acetoxypinoresinol and (+)plaoresinol Figure 9). These compounds are
present in the olive pulp and in the woody portidrihe seed; they are released in VOO during the
mechanical extraction process without biochemicabdification during the extraction.
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Figure 8. Chemical structures of secoiridoids derivates
and phenyl alcohols of VOO

Secoiridoids are main compounds of VOO. They amesented by the dialdehydic form of
decarboxymethyl elenolic acid linked to 3,4-DHPEApsHPEA (3,4-DHPEA-EDA omp-HPEA-
EDA), an isomer of oleuropein aglycone (3,4-DHPEA}E&nNd the ligstroside aglyconp-HPEA-
EA).

These substances are aglycone derivatives of gbudirglucosides contained in the olive fruit,
originating during oil mechanical extraction progesby hydrolysis of oleuropein,
demethyloleuropein and ligstroside; these reactmnescatalysed by endogenous b-glucosidases.
Olives, in fact, contain high quantity of phenatismpounds the concentration of which can range
between 1-3 % of the fresh pulp weight. Oleuropaemethyloleuropein, ligstroside and
nuzhenide are the most abundant secoiridoid gldessh the olive

(Figure 10), that also contains, as main phenolic compouthesyerbascoside, a derivative of the

hydroxicinnamic acid, having the 3,4-DHPEA in itslecular structureRigure 10)'%
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Figure 10.Chemical structures of secoiridoid derivates anehghalcohols of olives
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2.2.1 Analytical methods for the separation, idesdtion and quantification of phenolic
compounds in Olea europaea L.

A number of extraction procedures and analyticathmeés for identifying and qualifying these
compounds in olea europaea L. have so far beentegbdrhe phenolic fraction of olive oil has
traditionally been isolated by liquid—liquid exttmm (LLE) '°°?% This technique, however, is
usually labour-intensive and sometimes more expenaiso, it often requires using large amounts
of organic solvents. Some authors have used shlide extraction (SPE) with C18, €8 or -
diol 11¥*2t0 isolate phenolic compounds. Others have compar&dand SPE for this purpos&”

114 "and they found LLE with hexane and methanol-wage mixture solvents and SPE with a
normal phase to provide the best recoveries faelp®lar compounds. Due to the need to carry out
an individual identification of each phenolic conypd present in the extracts, the traditional
methods were replaced with separative techniqess. §as chromatography (GCY®, high-
performance liquid chromatography (HPLES*!" and capillary electrophoresis (CEfcoupled to
different detector$®. However, most of the discussions have been facasethe optimization of
high-performance liquid chromatography (HPLC) metomainly with reversed phase C18
columns and different mobile phases and gradiefisdpwed by ultraviolet (UV) *2°
electrochemical?®?, fluorescencé?? or mass spectrometric (MS) detectitl¥ 1> Some authors
have addressed the separation and quantitatiopexifie phenols by GC with various detection
techniques including M$“and NMR*?® however, the GC technique is less widely usedHe
purpose since the analytes are unstable at higbetertures and require a derivatization reaction for
their determination. Recently, an improvementhnomatographic performance has been achieved
by the introduction of rapid-resolution LC (RRLO)caultra-performance LC (UPLCY® These
approaches use narrow-bore columns packed with sreall particles (1.8pum) and high flow rate
with delivery systems operating at high back-pressuThe major advantages of RRLC over
conventional HPLC are improved resolution, shoré&ention times, higher sensitivity, and better
performance. Coupling RRLC with MS further offerp@ent analytical alternative, which has been
applied in recent publications characterizing fgodducts?’**2 The HPLC—MS couple has been
used for the characterization of phenolic compoundslive oil samples. The MS technique was
used with electrospray ionization (ESH-3? *3and atmospheric pressure chemical ionization
(APCI) ** and the MS analyser was a quadrupole (Q) oretripladrupole (TQ¥?* 32 ion trap
(IT) 132 or time-of-flight (TOF) type'® 1*¢ Capillary electrophoresis (CE) has become onta®f
major choices for the separation of charged amalgtel a solid alternative to LC, especially if we
are speaking of polar or charged compounds usindifferent modalities (CZE, CEC, et¢¥ 14
Mass spectrometers have gained increasing acceptascsupplements or replacements for
conventional detectors in CE. CE-MS coupling corabithe high efficiency and resolution power
of CE with the high selectivity and sensitivity grent in MS, thus providing a powerful, highly
attractive analytical tool. While CE-MS is mostlgrfprmed with electrospray ionization, the soft-
ionization technique can be used to obtain ionsdvem thermally labile, non-volatile, polar
compounds*14? however, CE-ESI-MS appears to have only been usgdfew times 3 144 145

to determine phenolic compounds in oils, using hd FOFMS as analyserdlime ago, Lafont et
al. ***carried out a sensitive method for qualitative apntitative analysis of several phenolic
compounds (including ferulic and vanillic acids) ative mill wastewater by CE-ESI-MS. More
currently, Carrasco-Pancorbo et al. developed aéweethods for just the qualitative and semi-
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guantitative determination of phenolic fraction éplyl alcohols, phenyl acids, lignans, flavonoid
and secoiridoids) of extra-VOO using CE-ESI-MS &i#-TOF-MS respectively*>* Nevado et

al. 1*® developed a sensitive, reliable, off-line SPE C&-HS method for the analytical separation
and determination for first time of phenolic acgisch as hydroxyphenylacetic acid (HFA), gentisic
(GEN), ferulic (FER) and vanillic (VAN) acids, inaling three isomeiof, m-, andp-) of coumaric

acid (COU) in extra and VOO samplétowever, a considerable number of phenolic compsund
have still not been completely characterized andynpoblems remain to be resolved. One of the
reasons lying behind these difficulties is the aloseof suitable pure standards, in particular
secoiridoid molecules and lignans. Moreover, phenfohction of oil is quite heterogeneous and

complex and the matrix in which phenols are foured 0live oil) is also rather complicated; these
two facts cannot facilitate their analysis.
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3. Experimental section

The growing interest in antioxidant bioactive corapds and their dietary sources has attracted
attention as a result of its remarkable flavonamhtent. The development of new methods of
extraction of nutraceuticals compounds without oké&xic and expensive solvents is crucial for
the introduction of new active principles as drug@ierefore, in this thesys we want to validate
modern appropriate extracting procedures, meetirayrpacopoeia requirements, to set-up safety
protocols for the recovery of the bioactive compasipresent in food (bergamot, olive oils and
drupes) using water as extracting solvent. Theuwegoof compounds of high antioxidant value can
be useful as raw materials for the direct applisatin cosmetics, for the production of food
supplements and the development of new functimoals enriched in bioactive compounds.

Also, quality (e.g. olive oils) and safety conteold the validation of origin are hot issues in the
production of food and its distribution, and are mimary concern to food and agriculture
organization. Quality and safety are the two masues related to genuineness of processed and
fresh aliments. In food safety, there are differpmbblems related to chemicals in foodstuffs.
Certain food has the potential of containing cheadsiavhich, if eaten in sufficient quantities, are
harmful to human health. Other food can be contatathby illegal dyes. The White Paper on Food
Safety outlines a comprehensive range of actiordégkto complement and modernize existing EU
food legislation. Moreover, the Food Standards Ageaims to protect the consumer from these
chemicals, and for this reason must maintain thet keowledge base possible on the subject to
provide the necessary tools to ensure that conserparsure to these chemicals is kept as low as
reasonably practicable.

The quantitative LC-MS/MS methodology is utilized food safety, agricultural and forensic
chemistry. The Modern mass spectrometry (MS) pes/idunique, reliable and affordable
methodologies to approach with a high degree @ingiéic nature any problem which may be posed
in this field.

3.1 Recovery of nutraceuticals of high antioxidant vale from Citrus Bergamia Risso and
development of new functional foods

The Citrus Bergamia Risso fruit is very rich in rageutical substances, with anticancer,
antiatherogenic, antimicrobical and anti-inflammgtgroprieties. The beneficial effects of the
dietary Citrus fruits can in particular be attriedf not only to the vitamin C, folate, dietary &br
and carotenoids, but also to the antioxidant articaa scavenging activity of their flavonoids,
responsible for reduced risk for certain chronisedses, the prevention of some cardiovascular
disorders, and certain types of cancerous proceSEe®noids also exhibit antiviral, antimicrobial,
and anti-inflammatory activities, effects on cagyl fragility, an ability to inhibit human platelet
aggregation, as well as antiulcer and antiallexgproperties.

Bergamot has yet to find an application in the faodustry, despite its extremely high flavonoid
content.

Recently, Pernice (2009) has reported the powgibtio re-evaluate bergamot juice through its
chemical characterization and its use to enrich fantify fruit juices. To investigate this, apples
4C
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and apricots were used for the laboratory-scaledyotion of fruit juice, following both the
traditional industrial recipe and those with theliadn of bergamot juice at 10% or 20%, together
with or in order to replace the synthetic additivesmally used in the industrial process (ascorbic
acid and citric acid). The ascorbic acid conterd #re antioxidant activity were measured during
the different steps of juice production and afterage at 37 °C for 15 days to evaluate juice shelf
life. Apricot and apple juices fortified with benmgat juice showed a significant increase in their
antioxidant properties and a decreased reductiorascorbic acid content after the typical
production steps. All of the results obtained supplee hypothesis that the addition of bergamot
juice to juices preserves their ascorbic acid aunteom thermal degradation and contributes to
enhance the antioxidant activity, ensuring a proauech richer in antioxidants and ascorbic acid.
A preliminary consumer test encouraged the prodnaif bergamot fortified fruit juices

Recently, our research group has identified, inwthele fruit juice, the presence of two new statin-
like flavonoids, Brutieridin and Melitidin. The inhibitory effecin HMG-CoA reductase of these
new peculiar flavonoids, bearing the 3-hydroxy-3mgeglutaric acid (HMG) moiety, was
checked, in vitro, against commercial statin drugth excellent resulfs It can be anticipated,
therefore, that the new natural molecules can playmportant role in the control of the blood
cholesterol level. Moreover, computational studlessed on density functional theory have
demonstrated that both molecules binds efficieintihe catalytic site of HMG-CoA reductase

Miceli (2007f has investigate the hypolipidemic effects of Crghenia juice and its protective
effect on liver of hyperlipidemic rats. Chronic aiistration of C. bergamia (1 mL/rat/day)
provoked a significant reduction in serum choledieriglycerides, and low-density lipoprotein
(LDL) levels and an increase in high-density lipaem (HDL) levels; moreover, histopathological
observations showed, in rats submitted to C. belgatreatment, a protection of hepatic
parenchyma. In addition, fecal neutral sterols &wachl bile acid excretion was found to be
increased after C. bergamia treatment. These sesufigest that the hypocholesterolemic effect of
C. bergamia may be mediated by the increase irl feedral sterols and total bile acids excretion.
In addition to the hypolipidemic effect, the juighows radical scavenging activity in the
diphenylpicrylhydrazyl (DPPH) test; probably theotveffects are related. These observations
suggest that the positive intake of C. bergamia redyce the risk of some cardiovascular diseases
through its radical scavenging function and hypdes$terolemic action.

The aim of my research has been the recovery ofhetdesterolaemic active principles from
Citrus Bergamia Risso and the development of namctional foods. Different extraction
procedures have been therefore exploited to assayresence of Brutieridin and Melitidin in
Bergamot using appropriate extracting procedures
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3.1.1 Recycling of industrial essential oil waste: Brutiedin and Melitidin, two
anticholesterolaemic active principles from bergambalbedo

Leonardo Di Donna, Giselda Gallucci, Naim MalajyviEa Romano, Antonio Tagarelli, Giovanni Sindona
Dipartimento di Chimica, Universita della Calabrie87030 Arcavacata di Rende, CS, ltaly

Food Chemistry Volume 125, Issue 2, 15 March 2011, Pages 438-441

Abstract

Bergamot albedo, the white tissues between the @kah the pulp, is a polluting waste in the
production of the renowned fragrance and is eaaugilable by simple industrial processes.
Brutieridin and melitidin are found in bergamot edlo and possess statin-like activity. Their
anticholesterolaemic effect has been proved i viifferent procedures were exploited to assay
the presence of brutieridin and melitidin and taleate their availability in water extracts. Thesbe
results in terms of simplicity and accessibilitytbé method were obtained with hot water at 65 °C.
Interestingly, tea beverages enriched with the &etive principles have been obtained by simple
addition of dried albedo into commercial tea bafsis is the first report on the availability of
methodologies to extract active principles fronustalbedo wastes.

Keywords: Bergamot waste, Albedo, Brutieridin, Melitidin
Introduction

Bergamot (Citrus bergamia Riss0) is the common naintiee fruit of the genus Citrus belonging to
the family Rutaceae, subfamily Esperidea, which igry delicate plant that has its natural habitat
in a narrow zone in the province of Reggio Calalitely). The essential oil from the fruit flavedo
is widely used in the cosmetics industry. Howewmrgamot juice and albedo, the white tissue
between the skin and the pulp, have no importadistrial applications, in evident disparity with
other citrus fruits. The albedo layer, rich in pecand several flavonoids, has never been
investigated in detall, to see if it could providalue-added compounds, such as nutraceuticals.
What remains after the extraction of the volati&ction is considered, in fact, industrial wastéhwi
its relative economic and environmental disadvaegagecently, our research group has identified,
in the whole fruit juice, the presence of two neatia-like flavonoids brutieridin (1) and melitidin
(2). The inhibitory effect on HMG-CoA reductasetbése new flavonoids, bearing the 3-hydroxy-
3-methyl-glutaric acid (HMG) moiety, was comparidyitro, against commercial statin drugs with
excellent results (Di Donna, Dolce, & Sindona, 2008reliminary results from animal testing
against the commercial drug pravastatin have shbainthe new natural molecules 1 and 2 (Fig. 1)
can play an important role as natural active ppilesi lowering blood cholesterol level (Sindona et
al., unpublished results).
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Moreover, computational studies based on densitgtional theory have demonstrated that both
molecules bind efficiently to the catalytic siteldMG-CoA reductase (Leopoldini, Malaj, Toscano,
Sindona, & Russo, in press). Calabrian folk me@id¥as considered, since the introduction of the
plant in the middle of the 18th century, bergamgatg as a natural answer to the control of
cholesterol level in blood. These important prapsrhave always been associated with the effect
of flavonoids, such as naringin, neoeriocitrin amebhesperidin, present in the order of several
hundreds of ppm and to other minor species suchag®lin, neodiosmin, and chryosoeriol present
at lower concentrations (Dugo et al., 2005;GattiBaxreca, Caristi, Gargiulli, & Luezzi, 2007;
Gattuso et al.,2006). The association of anticheletaemic activity to flavonoid content lacks any
scientific support. It cannot explain why othemgdt fruits, containing the same species, do not
exhibit the healing effect traditionally associateith bergamot. Recycling of waste from the citrus
industry is limited to the transformation of thetism raw material into fertiliser (Van Heerden,
Cronjé, Swart, & Kotzé, 2002) or animal fodder porlo, Lanuzza, Micali, Coppolino, & Nucita,
2004). Considering that the cost of the albedo siihl waste is lower than the cost of the
transportation to manufacturing plants, it is wadtile to exploit its possible use as a source of
anticholesterolaemic food supplements. Differemicpdures, therefore, are now presented aiming
at optimizing the yields of those active principfggsent in properly treated albedo tissues. Safety
procedures matching food supplements directiveegdy European and International bodies were
implemented (ICH, 2009).

Materials and methods

Chemicals

HPLC-grade methanol and 99% formic acid were pwetafrom Carlo Erba (Milan, Italy).
Aqueous solutions were prepared using ultrapurenvatith a resistivity of 18.2 MO cm, obtained

from a Milli-Q plus system (Millipore, Bedford, MABrutieridin and melitidin used as calibration
standards were purified in our laboratory.
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Plant material

Frozen bergamot albedo was furnished by Goiasusgatli (Gioia Tauro, Italy). Commercial
Yellow Label Tea (Lipton) was used for the prepiarabf prototype albedo-containing tea bags.

Instrumentations and conditions

Microwave-assisted extraction was carried out usarg Anton Paar Multiwave 3000 with
programmable power control (maximum power 1400 Y\ eotor XF100 (operating pressure up to
120 bar maximum; operating temperature 260 °C mamimnconstruction material PTFE-TFM for
the vessel). In every vessel were put 3 g of homisgd whole albedo and 20 ml of water (4
vessels were used for each analysis) and a pdtenht#O0W was applied for different duration
times (1-5 min). This matrix/solvent ratio was ntained constant for warm/hot water extraction
method. All water extracts were centrifuged at 450® for 5 min and filtered before instrumental
analysis. LC—-ESI-MS/UV analysis was performed usaNgaters Fraction-Lynx system (Milford,
MA) equipped with a ZMD mass spectrometer and al48@letector. The column used for all our
analyses was a Luna C18 (2) (250 x 4.6 mm; Phenexpdorrance, CA). The UV detector was set
at 280 nm. The run time was 105 min, the flow rags 1 ml/min, and the gradient was built using
0.1% HCOOH in HO (solvent A) and CEDH (solvent B) as mobile phases. The elution gradie
was composed of the following steps: isocraticieluB0% A for 10 min; linear gradient from 80%
A to 74% A in 2 min; linear gradient from 74% A 3% A in 65 min; linear gradient from 31% A
to 80% A in 18 min; equilibration of the column fd® min. The calibration curve was constructed
from the following solutions of brutieridin in methol/water (1:1): 25, 12.5, 6.25 and 3.125 ppm.

Results and discussion

The peculiarity of bergamot lies in the presencénaf new statin-like molecules 1 and 2 that are
esters of 3-hydroxy-3-methylglutaric (HMG) acid wij when linked to CoA (3, Fig. 1), represents

the key intermediate in cholesterol biosynthesise &ction of NADPH in the presence of HMG-

CoA reductase is the accepted mechanism, whichgdrabout the reduction of the thioester
function to the corresponding alcohol and providee biochemical tools to investigate the

inhibitory effects of commercial statin drugs (Btv& Deisenhofer, 2000, 2001; Istvan, Planitkar,

Buchanan, & Deisenhofer, 2000; Tabernero, Bochadvi®ll, & Stauffacher, 1999). Compounds 1

and 2 show an acceptable degree of inhibition agaire same reduction system (Sindona et al.,
unpublished results). In this case in fact therdstection between positions 60 of the glucose and
1”of the HMG moieties should be stable to the@ttof the NADPH reducing agent.
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The content of active principles in the bergambedb
Mass spectrometric and UV analysis of the wateraek{see Section 2.3) of bergamot albedo (Fig.

2A) displays a profile similar to that obtained lwihe juice, where the two active principles are
present.
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Fig. 2. UV profiles obtained from LC/UV/MS of albedo (A) vea extract, (B) commercial tea and (C) dried atbed
commercial tea bag.
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The optimization of the extraction procedure wasl@ked under different conditions: (i) water in a
microwave (MW) oven operated at 500W or (ii) by gl extraction with warm-to-hot water.
Water extracts taken at different time/temperatirthe MW procedure were analyzed by LC/UV-
MS (Di Donna et al., 2009) and the content of 1 @ndlas evaluated by UV (280 nm), using the
same purified analytes (Di Donna et al., 2009)xderaal standard (r = 0.9999; Fig. 3).
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Fig 3. Calibration aurve Tor brutierdin standand.

The results are shown in Fig. 4A and the tempegatof each MW experiment are reported in
Table 1.

350

250 1
E 2 1
150

Brutierigin Melitidin
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Fg 4 Bruteddin (1) and melitchin (2) content { pam) after five independent
experiments {1-5) by [A) microwave extraction amd (B) warm-fo-hot waler
extraction. The mesn values and the standard devistions were Caloulated From
thrse messisments

Talde 1
Tem peratires resched in microwave sitraction aml sueessively wssd in warmihol
vl e & tionn meChad

Tiirea (min) 1 2 3 4 5
Team pe ratwie (40) 43 58 a8 75 832
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In the MW extraction the temperature of water rahfyem 48 °C to 82 °C with 1-5 min exposure
(Table 1); however, the absolute amount of extrthdpecies decreased almost linearly with
increasing extraction time and solvent temperatUieerefore the best conditions are those
corresponding to 1 min exposure of albedo in wiater 500-W microwave oven. The losses caused
by prolonging the extraction time could be ascrileg¢tler to radiation or temperature effect on the
active principles 1 and 2. It was, therefore, intaot to verify the behaviour of albedo under water
extraction at temperatures equal to those expeatncthe MW procedures. The results shown in
Fig. 4B suggest that there is no thermal effecth@conventional extraction of the two statin-like
molecules. What was observed in MW conditions mesult from the exposure to microwaves,
which probably degrade the compounds of interesing on the sugar or on the glutaric moieties.
Actually, the amount of statin-like molecules interaextracts seems almost independent from the
temperature, which can be conveniently set at@aeval 65 °C in order to optimise the yields.

The content of active principles in whole albedodveed albedo

Homogenised albedo (93.0 g) was oven-dried in tmarsssive steps: at 30 °C for 16 h and then at
40 °C for 12 h. Dried tissue (23.2 g) was obtairmdresponding to a reduction to one-quarter of
the original weight. The same quantity of whole ahgd albedo was left, under gentle swirling,
for four minutes in 100 ml of boiling water (100 );(oth extracts, submitted to conventional
LC/UVIMS analysis showed that the relative yieldsland 2 were unaffected by the presence of
water in the tissue. When dried matter is used athsolute recovery of the natural statins is four
times higher than that from whole albedo. Finadlyecovery test was performed, submitting albedo
to the domestic procedure for preparing infusiansnfcommercial tea bags. Dried albedo (0.503 g
or 2.012 g of whole albedo) was added to commeteabags containing ca. 1.5 g black tea. The
prototype tea bags were left, under weak agitafmmfour minutes in a tea cup containing 200 ml
of boiling water (100 °C). The same procedure vadisWwed for bags containing whole albedo. In
both cases 20 ul of the so prepared infusions,iqusly filtered using a 0.45-um Teflon syringe
filter, were injected into an LC/UV/MS. The resufeported in Table 2 confirm the relative amount
of extracted active principles does not dependhenpresence of water and that the two statin-like
molecules brutieridin and melitidin can be extrdaasily by household procedures.

Talrle 2
Aleal e content ol britisridin 2nd meli tidin b 122 | afesong

Raimple Trwtierli § pyum | M ahi el ({ ppeim)

Driead albeda in Black tea 1012 2016 7101 +0.08
Whale slbeda in blek tea 1056 + D81 66 2034

" The imean valeed and the standard devistions were calculated over thies
T L E e
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Conclusions

The results here presented throw light onto thesiptes use of an industrial waste as a natural
resource in the control of blood cholesterol levBie active principles 1 and 2 can be easily
obtained by simple extraction procedures.
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3.1.2 Purification of anticholesterolaemic nutraceuticals of Citrus juice flavonoids by flash
chromatography

Elvira Romano, Leonardo Di Donna, Giselda Galluét¢aim Maljaj, Fabio Mazzotti, Giovanni Sindona
Dipartimento di Chimica, Universita della Calabrie87030 Arcavacata di Rende, CS, ltaly

Convegno Congiunto Sezioni Sicilia e Calabria d8kecieta Chimica, Aci Castello — Catania, 1-2 dibezr2009
(026)

Abstract

Recently we have isolated and characterized two aew flavonoids, namely brutieridin and
melitidin, characterized by the presence of the/@rbixy-3-methyl glutaryl moiety (HMG):these
molecules resembles the active co-enzyme HMG-Cd#g¢lwis involved in the key step of tire
vivo synthesis of cholesterol.

The latter molecule is a thioester that can belyeasduced by NADPH to the corresponding
alcohol. On the contrary, the two active principdeesent in bergamot possess an ester moiety that
hardly is reduced in mild condition. Furthermora, vitro studies, and preliminary in vivo
experiments demonstrates that the two isolatedfflails posses a strong inhibition effect against
the cholesterol synthesis.In thepresent paper, the dry bergamot extract has bdemitsed to a
purification step using the chromatographic systumpelco VersaFlash™, in order to obtain the
enriched fraction of anticholesterolaemic nutracald to use for the development of new
functional foods.

Introduction

Bergamot is the common name of the fruit Citrusgheria Risso, which belongs to the family
Rutaceae, subfamily Esperidea. The uniquenessrgéim®t trees is represented by a habitat that is
virtually restricted to the coastal region of tlemian Sea in the southern Calabrian region of.Italy
This area presents favorable weather and pedodim@tditions for its cultivation. Three cultivars
of bergamot (“Castagnaro”, “Fantastico”, and “Femetlo”) are commercially grown and then
industrially processed, exclusively to extract ttessential oils. The industrial processing uses an
indiscriminate mix of the three cultivars. In thasp bergamot has been highly valued by the
cosmetic and perfume industry since its essenceeig rich in terpenes, esters, and alcohols
possessing a very characteristic and intense fiagrarhe development of synthetic essential oil
production led to a drastic drop in commercial dechéor bergamot. However, over the past few
years, following the growing interest in antioxiddmactive compounds and their dietary sources,
such as Citrus juices, bergamot juice has attraatishtion as a result of its remarkable flavonoid
content. Recently two new molecules have beentedand identified as HMG conjugates (HMG=
3-hydroxy-3-methylglutaric acid) of neohesperidirdanaringin, namely, brutieridin (m/z 755) and
melitidin (m/z 725) from the Citrus bergamia riggice by the research team cordinate by Prof
Sindona (Figure 1). It is assumed that these nempoonds can inhibit the activity dellHMGR, as
is the case for action of statins, since that porof the structure of brutieridina and melitidisa
also present in the structure of HMG-CoA and streeebf statins (Figure 2).
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Figure 1. LC/UV/ESI-MS of bergamot juice; O UV at which correspond the mfz value ( [M+HRT) Apigenin 6 8-di-C-
glucoside (505 15427, Dicsmetin 6,8-d1-C-glucoside (025, 18.13), Mecencitrin (397 23,49), Narinutin (387, 26.15), MNarimgin
(58128200, Neohesperidin (617 30,93), Rhoifolin 4" -glucoaide (741 32.29), 8) Rhoifolin (579, 33.18), Diosmir. (609 34.13),
Meodiosmin (609 34.58), unknown 1 725 38.13), unknown 2 (755, 40,69, unknown 3 (723, 43.66), unknown 4 (753,
44.62). B: XI1C of unknown 2, & XIC of unznown 3.
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Figure 2. Probable anti-cholesterol activity
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The aim of this work has been the Purification itris juice flavonoids using non-toxic solvents as
water and ethanol (FUI XI). The adopted methoduidek different steps:1.SPE extraction of citrus
juice using Water and EtOH; 2. Flash chromatografoinypurification using Water and EtOR,;
LC-MS/UVfor analytical chromatography.

The recovery of bioactive compounds from bergamicejwould make in vivo studies on humans
to verify the anti-cholesterol activity of the Bieridin and Melitidin in order to create new drugs
and the development of new functional foods endahenutraceuticals compounds.

Materials and methods
Chemicals

HPLC-grade methanol, Ethanol absolute and 99% fommeid were purchased from Carlo Erba
(Milan, Italy). Aqueous solutions were preparechgailtrapure water, with a resistivity of 18.2 MO
cm, obtained from a Milli-Q plus system (MilliporBedford, MA).

Plant material

The industrially processellergamot juice was supplied by the Union Assoamtitbcated at
Condofuri Marina (RC, Italy). The juice was proddcas a blend of the three cultivars of Citrus
bergamia: Fantastico, Femminello and Castagnaro.

SPE extraction of citrus juice

The bergamot juice (100 mL) was passed through&oadadtridge (Supelclean LC-18, 60 mL, 10 g;
Supelco, St. Louis, MO), previously activated wiEtOH and washed with water. The loaded
material was washed with water (3x60 mL) and thiemed with EtOH (60 mL). The eluate was
evaporated. The weight of dry extract was 2,4 ghfi&00 mL of bergamot juice. The extract was
then divided into parts of 0.6 g and they wereestat -20°C until required for our study.

Flash Chromatography of dry extract

Flash chromatography is a type of preparative clatography for rapid purification of compounds
in a wide range of polarity.

The flavonoid extract was further separated usirfupelco VersaFlash High Throughput Flash
Purification (HTFP), equipped with &g cartridge 40 x 75mm, VersaPak Cartridge, supelco),
previously activated with a gradient of EtOH/Waffeom 50:50, 25:75, 12.5: 87.5 — 0: 100).

The loaded material in the cartridgeas eluted with a gradient of Water/EtOH. hder to obtain
pure phenolic fractions, different tests were @enied where the percentage composition of the
solvents used was varied.
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LC-ESI-MS/UV analysis

All fractions were centrifuged at 4500 rpm for $hmand filtered before instrumental analysis. LC—
ESI-MS/UV analysis was performed using a Watergtioa-Lynx system (Milford, MA) equipped
with a ZMD mass spectrometer and a 486 UV detedtoe. column used for all our analyses was a
Luna C18 (2) (250 x 4.6 mm; Phenomenex, Torran@®, Che UV detector was set at 280 nm.
The run time was 105 min, the flow rate was 1 mi/nand the gradient was built using 0.1%
HCOOH in BO (solvent A) and CEDH (solvent B) as mobile phases. The elution gradieas
composed of the following steps: isocratic elui#f86 A for 10 min; linear gradient from 80% A to
74% A in 2 min; linear gradient from 74% A to 31%iM\65 min; linear gradient from 31% A to
80% A in 18 min; equilibration of the column for t@in.

Results and discussion

For analytical chromatography a dry extract sotutmf 1000 ppm was injected into the LC-
MS/UV. The profile shows the presence of many flfasds already identified by LC-MS/UV
analysis, together with some unknown componentgu(Ei3). The components identified are: 1,
Neoriocitrin ; 2, Naringin; 3, Neohesperidin; 4,d0dBosmin; 5, Melitidin; 6, Brutieridin.

[

. Neortocitrin

. Naringin

. Neohespertdin
. Neodiosmin

. NMelitidin

. Brutrertdin
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L

g J I U
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Figure 3. UV chromatogram of dry extract before the pusifion process by flash chromatography
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After the Flash chromatography, different fractiomere collected and stored at -20°C until the
moment required by our study. In order to obtairepphenolic extracts, different tests were
performed where the percentage composition of diests used (Water/ EtOH) in VersaFlash
system was varied. Optimal conditions were obtagte2b mL / min. The duration process was 8 h.

\VersaFlash Cartridge C18 (40 x 75mm)
Amount of Loaded extract 0,6 g

Solvent System — Step Gradient, 5% EtOH for 6:30
25 mL/min 10% EtOH for 1:30

30% EtOH for 5 min

Process duration ~8 h

Table 1.Used gradient in the versaflash system

Then, the fractions were analyzed by LC—ESI-MS/BMoeriocitrin  was the major compounds
after 40 min of EtOH 5%; Naringin after 2:30 of H® %; Neohesperidin after 5:30 min of EtOH
5%; Brutieridin after 2 min of ETOH 30% ( Figu#g. Amount of recovered Brutieridin was
0,099 (Yield= 15%) with Purity of 80%.
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Figure 4. UV chromatograms of different bioactive compourdeoeriocitrin, Naringin, Neohesperidin, Brutiendi
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Conclusions

The growing interest in antioxidant bioactive corapds of bergamot juice has attracted attention
as a result of its remarkable flavonoids content.
The growing interest in antioxidant bioactive corapds of bergamot juice has attracted attention
as a result of its remarkable flavonoids contehé adopted method includes different steps:

1. SPE of the citrus juice;

2. Flash chromatography for purification of the ravirast;

3. LC-ESI-MS/UV of the collected fractions after thash chromatography.
It has been possible to purify some different flamols in the Bergamot juice , some of those
available in commerce as Certified standard (Neac#rin, Naringin, Neohesperidin) and recover
the Brutieridin, nutraceutical anticholesterolaenmompound, that is not in commerce as STD yet,
with yield of 15%.
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3.1.3 The selection of safe extraction methods afdlactive components from Bergamot fruit
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Abstract

The development of new methods of extraction ofdifeoids and their conjugates without use of
toxic and expensive solvents has become cruciahfnntroduction of some active principles as
drugs. We have recently described the presencaiirieslike drugs in different bergamot tissdes
identified and isolated by classical methods. Wev neish to validate modern appropriate
procedures, meeting pharmacopoeia requirentertts set-up safety protocols for the recovery of
the bioactive compounds. In this study we compauwe different extraction methods (Soxhlet, heat
reflux, microwave and temperature controlled extoan) in which the only solvent used is water. In
order tocompare the efficiency of extraction methdte liquid extracts have been analized
separately by LC-MS. This approach allowed thewat@n of the amount of bioactive flavonoids
between flavedo and albedo layers.

Introduction

Bergamot Citrus bergamiaRisso) is a tree very sensitive to climatic conds; it grows
predominantly in a narrow area in province of Reg@alabria (south Italy). Bergamot fruit has
been widely employed in cosmetic, pharmaceutical fvod industries as important source of
essential oils contained in peel (flavedo). Bergajoe, on the other hand, in contrast to other
Citrus fruits is not used for food purposes becafses bitter taste and represent a waste product
with its repercussions on environmental pollutiBecently, we have described the presence of two
statin-like drugs in different bergamot tisstiésidentified and isolated by LC-MS, MS/MS and
NMR techniques, providing new applications for lzengt juice.

The development of new methods of extraction of¢htevo flavonoids and their conjugates without
use of toxic and expensive solvents is cruciatfier introduction of new active principles as drugs.
Therefore, in this study we want to validate modappropriate extracting procedures, meeting
pharmacopoeia requiremehtsto set-up safety protocols for the recovery oé thioactive
compounds present in albedo and flavedo comparswénibergamot fruit using water as extracting
solvent.
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Materials and methods

Flavedo and albedo layers of frozen bergamot haen lseparated and homogenized. The two
separated portions have then been extracted usnfigfowing methods:
= Microwave-assisted extraction: 12 g of matrix a@d@ of distilled water have been put in
4 vessels (3g of matrix and 20 ml of solvent foergwessel). This matrix/solvent ratio has
been maintained constant for all the extractinghm@s$ used in this study. A potential of
500 W has been applicated for the following timeadions (in min): 0.30, 1, 2, 3, 4, 5.
= Soxhlet extraction for 8 hours.
= Heat reflux extraction for 8 hours.
= Oil bath heating at constant temperature of 70fCthis method we have monitored the
extraction effectiveness during the following hegttimes (in minutes): 15, 30, 60, 180,
360 and 480.
20 pl of liquid extract, after centrifugatiorave been injected into LC-MS/UV. The MS/MS of
compounds, the TIC and the UV profiles of albedd #awvedo are reported in figures 1-2.
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Figure 1. MS/MS of compounds 1 and 2.
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Results and discussion

The area of peaks corresponding to compound 1 drad/@ been integrated and reported in figures
3-6.

= Compounds 1 and 2 are best extracted by microwsivaction method, for both matrixes,
at 500 W x 1 minute.

= The extraction effectiveness at 500 W, after thst fninute, decrease continuosly with time.

= Compound 1 is more aboundant in albedo than contg@uwhich is more aboundant in
flavedo.

= Heat reflux, Soxhlet and oil bath heating methofteré8 h gave similar results. These
methods are less effective than microwave extraatioe. Oil bath heating at 70°C between
15 min and 6h is more effective than after 8 h.

Figure 3. Extraction of compounds 1 (red) and 2 (blu) frallvedo by microwave method
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Figure 4. Extraction of compounds 1 (red) and 2 (blu) fritewedo by microwave method.
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Figure 5. Extraction of compounds 1 (red) and 2 (blu) fralivedo by heat reflux, Soxhlet and oil bath at 70°C
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3.2 Recovery of nutraceuticals of high antioxidant vale from Olea europaea L. and its
possible application in cosmetics or pharmaceutical

Virgin olive oil is obtained from olive drupe®lea europaeal.), using exclusively mechanical
procedures, without further treatments or chemadalitions. This product is a genuine fruit juice,
containing a high level of natural antioxidants,ietl) associated with an excellent fatty acid
composition, confer it a high stability againstaation and a recognized nutritional value.
Accumulating evidence indicates that adherence editdrranean diet (which consists of olive oil,
fruits, vegetables and fish) is associated witheloprevalence of coronary heart disease, cancer and
cognitive impairment, e.g., Alzheimer's disease JAD Since reactive oxygen species (ROS) are
implicated in these diseases, the benefits of tkditdrranean diet have been largely attributed to
the antioxidant potential of polyphenols contairiedthe diet components, especially olive®oil
Indeed, olive oil phenols are efficient radical\sszgers in vitrd and can be well absorbed by the
body (absorption >55-66 molds) However, Vissers et al. (2004prgued that the plasma
concentration (<0.06 IM) of antioxidant phenolssukting from dietary intake of olive oil, is too
low to exert antioxidant effects. Moreover, inciegsevidence suggests that the in vitro antioxidant
potential can not necessarily be translated intuivo therapeutic effects’. Therefore, it seems
that, to elucidate the benefits of olive oil, wesld go beyond antioxidants. Indeed, in recentgear
some pharmacological effects other than antioxidapgacity have been reported for olive oll
phenols. For instance, (-)-oleocanthal (Fig. 1foanponent extracted from newly-pressed extra-
virgin olive oil, possesses ibuprofen-like cyclogepases (COX-1 and -2) inhibitory abifity
hydroxytyrosol and hydroxy-isochromans (Fig. 1) arkibitors of platelet aggregatioh™® and
oleuropein (Fig. 1) can form a non-covalent compiath amyloid-b (Ab) peptide or its oxidized
form . All of these effects help to explain the beneitsolive oil in preventing cardiovascular
diseases, cancer and AD. Considering the factrtfaaty polyphenols have been identified from
olive drupes and olive oils, the aim of my study Heeen the Recovery of nutraceuticals of high
antioxidant value from Olea Europaea L. for the gime application in cosmetics or
pharmaceuticals.
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Abstract

Most local industries and cooperatives that makéetalives do not make the wastewater treatment.
In fact, during the process of debittering of ofivéhe aqueous solutions utilised register a hupld-
of compounds characteristic of the bitterness & ftuits, most of them of phenolic nature.
Sometimes, these waters are taken to the munggvedge were the water purification is performed
by paying a certain amount of money per cubic mattdiquid. For control purpose in case of
inspections, the industries have their storagestdakcollect the wastewater even if most of it is
distributed on the ground. In order to achieve afipation of these waters and a their easier
disposal, the phenolic compounds could be extraamedused in food, pharmaceutical and cosmetic
industries to produce antioxidant enriched produitt® purpose of this research was, therefore, the
daily monitoring of the concentration of some phHen@ompounds accumulated during the
debittering process of olives in agueous solutitmshis way, in order to extract them, their highe
expression in solution was extimated.

Keywords: table olives, phenolic coumpounds, tandem masgsrspeetry.

Introduction

Olea europaed.. is an endemic plant of the Mediterranean basid laas been cultivated for the
production of olive oil and for table olives, withignificant efforts to improve the quality of
products. Like many fruits and vegetables, theeotivupes contain biophenols distributed in the
olive mesocarp, that is a soft and fleshy pulp, antthe endocarp (stone), which contains the seed.
In ripe olives the seed makes up the 2—3% of tted toass, the stone thel3-23% and the mesocarp
the 84-90%. The concentration of the phenolic campgls is estimated to be 2-2.5% in the pulp,
0.5-1% in the seed and 0.1% in the c@seuenwald, 1998Uccella, 2001; Ryan et al., 1998 he
factors that contributes to the variability in tip@enolic distribution include the cultivar and
genetics, maturity, climate, position on the tremtstock and agricultural practices. The growing
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interest in the determination of phenolic compouimigegetables and fruits is due to the natural
antioxidant activity of these compoun¢{Ryan et al., 2002)Phenolic compounds are secondary
metabolites produced in plants as a mechanism @kgion against microorganisms, pathogens
and strong ultraviolet (UV) radiation. The antioad activity of phenolic compounds is due to their
ability in quenching free radicals and metal cheta(Saija et al. 1998)Some biophenols present
in olive drupes seem to be involved in severalvd@s such as prevention of coronary artery
disease and atherosclerosis because of theiryatwlinhibit platelet aggregatiofCarluccio et al.
2003, modulation of the arachidonic acid metabolidgtoli{yama et al. 1997and inhibition of low-
density lipoprotein peroxidation (Visiodit al. 2002). Hydroxytyrosol and oleuropein act as potent
radical scavenger$éija et al. 1998; Benavante-Garcia et al. 2000iaBte et al. 2001; Gordon et
al. 2001; Saija and Uccella 2001; Paiva-Martinsadt 2003. Some of the phenolic compounds in
olive show antimicrobial activity by inhibiting thgrowth of a wide variety of bacteria, fundizjz

et al. 1998 and virusesHKredrickson 2000

In this context, one of the most crucial problemsalve is olive debittering. In fact, in olive fea
and fruit a bitter phenol glucoside, oleuropéBoler-Rivas et al., 2000)s accumulated as a
defence mechanism against phytophatog@msidt et al., 1989)In particular, when olive tissues
are injured by phatogens or by mechanical damagenayme specifically hydrolyses oleuropein
producing highly reactive molecul@ianco et al, 1999).

The antioxidant and antimicrobial activities of wepein derivative molecules against herbivores
and insect attacks has been demonstrated in fldotso et al., 1999as well as against bacterial
strains in vitro(Bisignano et al., 2001; Kubo et al., 1995)he enzyme involved in this reaction is
the B-glucosidase (E.C. 3.21.1.21) belongings to thedilydrolase enzyme family 1 (GH 1); many
components enzymes have been identified in plamsrevthey play important roles in growth,
development, detoxification, ripening and defe(tegen, 1993)Olea europaedissues also contain
large amounts of-glucosidase which specifically hydrolyses oleuinop@@riante et al., 2002;
Konno et al., 1999)Also during fruit ripening th@-glucosidases are involved in the progressive
degradation of oleuropein, and in the release ofage and the aglycones molecules, with the
consequent physiological debittering of fruit tissuMorello et al., 2004 (A); Brenes Balbuena et
al,, 1992; Ryan et al., 1999)he detected changes in fhglucosidase activity and in its products
of enzymatic hydrolysis at different stages oftfimipening(Briante et al., 2002are strictly related

to products quality; in fact, good-tasting tableves and olive oil are greatly influenced by the
phenolic compoundgMorello et al.,, 2004 (B); Angerosa et al., 199&ianfardini et al., 1994;
Marsilio et al.,, 1996).Thus, debittering of green olives is a major cmage in the industrial
processing of fruit. The most commonly employed hods involve dilute NaOH and/or low
concentration of NaCl solutions. The NaOH treatradrydrolyse oleuropein into its derivatives and
produces sugar. There is good evidence that theichetreatments could be substituted by a
microbiological procedure that would provide bothbitering and fermentation steps by using
oleuropeinolyticLactobacillus plantarunstrains Marsilio et al., 1996).In fact, theL. plantarum
strains are able to hydrolyse oleuropein by medns lbacterial-glucosidase reaction with the
formation of aglycone and sugar. This treatmentltesn olives with better taste than alkali ortsal
treatments, due to the higher sugar and proteirteats in the final products. In this context,
investigations have been performed to test theieffcy of the enzymatic hydrolysis of oleuropein
by the purifiedp-glucosidase from almon@apasso et al., 199&ompared with the enzyme from
the crude extract of olive fruigBisignano et al.,, 2001; Konno et al., 199®)ore recently an
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immobilized recombinanp-glucosidase from the archaeon Sulfolobus solfadarihas been tried
(Briante et al., 2000)Bianco and Uccella (2000)nvestigated the concentrations of different
biophenolic compounds in olives in order to devedgpropriate procedures for determination of
these compounds in fresh and processed table alnes the olive drupes for olive oil production.
Despite the large number of studies on olive phemamposition, not all these compounds have
been identified, and, generally, the antioxidantivag is measured on methanolic extracts
fractionated on a polarity basgl¢Donaldet al. 200).

The aim of the present research was, thereforeagbay of some important phenolic compounds,
such as oleuropein, hydroxytyrosol, tyrosol, vedoase, luteolin and rutin, accumulated during
the debittering process of olives in aqueous swigti For this purpose, aqueous and acidic
solutions containing whole, pitted and crushedesliwere prepared. The assay of phenols was
performed daily by means of an LC-MS/MS system.thHis way, it was possible to have an
estimates of their highest expression in the swistto support their fruitful extraction.

Experimental
Chemicals

Certified standard of rutin, luteolin, verbascoswdere purchased by Extrasynthese (Z.1 Lyon Nord
B.P 62 69726 Genay Cedex France); tyrosol, 3-Hydywosol and oleuropein were supplied from
Sigma—Aldrich (Riedel-de Haén, Laborchemikalienelde). Methanol, ethanol, formic acid were
of LC/MS grade and purchased by VWR (VWR Internadios.r.l., via Stephenson 94, 20157
Milano); agueous solution were prepared using pitra water, with a resistivity of 18.2®cm,
obtained from a Milli-Q plus system (Millipore, Bexd, MA, USA).

Olives sampling and maceration process

Olive fruits of Coratina cultivar were collected hgnd in November during the year crop 2010 in
an olive grove located in Basilicata region and maimtely stored at -25°C until analysis.

Three different types of olives were taken into caod: whole, pitted and crushed fruits with the

porpouse to evaluate the influence of the stonmgtine debittering processes of the olives.

Two trials were carried out: in the first trial aantity of olives (12 g) were placed in a container

fitted with a stopper where pure water (100 mL) vealkled; in the second trial a solution of

water/ethanol (v/v, 80:20) was employed. The mamergprocess was carried out in the dark at a
temperature of 4 °C except for the first day whea dlives were subjected to two thermal shocks
caused at first by passing from -25 °C to room terafure in the agueous solutions and then for
being frozen again to promote the membranes dgiatien and the release of any bioactive

compounds. Every day, for a total duration of 1§/sjaaliquotes of the water solutions were

collected and their pH measured.



3. Experimental section

Preparation of standard solutions

Standard stock solutions were prepared dissohhegainalytical standards in ethanol. Aliquots of
these solutions were further diluted with wate®9.formic acid to obtain calibration standards at
concentrations range between 10-200 ng/mL for ojeein and tyrosol; 10-100 ng/mL for 3-
Hydroxytyrosol, rutin, luteolin; 10-500 ng/mL foexbascoside.

Instrumentation
Mass spectrometry

Sample analyses were performed using a MSD Scigdigkp Biosystem API 4000 Q-Trap mass
spectrometer. The LC-MS was operated in the negaibn mode using multiple reaction
monitoring (MRM) of the following transitionswz 137— nvz 137(tyrosol); Mz 153— m/z 123
(Hydroxytyrosol);m/z 285— m/z 133 (luteolin); m/z 539 — m/z 225and m/z 539— nV/z 275
(oleuropein); Mz 609 — m/z 301 (rutin); Mz 623 —- m/z 161 and nm/z 623 — m/z 461
(verbascoside). The experimental conditions wer®k®wv: ionspray voltage (IS) -4500 V; curtain
gas 20 psi; temperature 400°C; ion source gas(1ps5ion source gas(2) 45 psi; collision gas
thickness (CAD) medium. Entrance potential (EP)lastering potential (DP), collision energy
(CE) and collision exit potential (CXP) were optrad for each transition monitored.

High performance liquid chromatography (HPLC)

HPLC was performed using an Agilent Technologie®018eries liquid chromatography system
equipped with G1379B degasser, G1312A pump, an2@L&autosampler. The analytes were
separated on a Eclipse XDB-C8-A HPLC column [5 pantiple size, 150 mm length and 4.6 mm
i.d. (Agilent Technologies, Santa Clara, Califo)h@t a flow rate of 350 uL/min and an injection
volume of 10 pL. The elution program was as folloassthe start 90% solvent A (0,1% aqueous
formic acid) and 10% solvent B (methanol); the patage of solvent B was linearly increased to
100% in 10 min, hold for 2 minute and ramped t@ioal composition in 3 min. The total elution
time was 25 minutes per injection.

Results and Discussions

Each day, before collecting aliquotes of the sohgiunder investigation (saragraph3.2) their
pH was monitored. The aqueous solutions contawingle and crushed olives gave a pH value of
6 regardless if water/ethanol (v/v, 80:20) or pwater was employed. On the other hand, the pH
value of aqueous solutions containing pitted olwes 5. Therefore, it seems that the presence of
the stone is responsible of the changing of theoplthe solutions. Below, it follows the results
obtained and the discussion for each compound zedlyummarised in Table 1 and Figure 1:
Oleuropein (olp).The solution containing pure water and whole @&jvBfom day one,
showed an accumulation of olp which reaches anageewalue of 423 mg/Kg. This content
decreases during the 10 days of experimentatiorach the half of its initial value (228 mg/Kg).
The solution containing water/ethanol (v/v, 80:8b)ce day one gave a lower content of olp (369
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mg/Kg). This value decreases during the days unt#aches the mean value of 264 mg/Kg. The
small amount of ethanol added to the solution setnsdow down the degradation process of the
bioactive compound. The solution containing puréewand crushed olives from day one showed
an olp content of 1118 mg/Kg. This value decrease®rding to a enzymatic kinetic to reach a
value of 8 mg/Kg on the last day. Similar situatimecurs in solutions containing pure water and
pitted olives where the mean values of olp is 188d 60 mg/Kg in the first and last day

respectively. The solution containing water/ethgmbl, 80:20) since day one gave a lower content
of olp (665 mg/Kg for crushed olives and 754 mgfgpitted olives). This value decreases during
the days until it reaches the mean value of 13¥Kgghd 162 mg/Kg for crushed and pitted olives
respectively.

Hydroxytyrosol (HTyr) The quantity of HTyr in the solution containingirp water and
whole olives on the first day was 21 mg/Kg. Thisiwemt increases during the next nine days of
experimentation to reach the mean value of 171 mg/Ke solution containing 20% of ethanol
gave an initial value of HTyr double than the soltof pure water (50 mg/Kg). Moreover, the
concentration of the bioactive compound at thearte experimentation was found to be less than
in the previous one (149 mg/Kg). The solutions aomtg pure water and either crushed and pitted
olives showed an high content of HTyr already e finst day of the experimentation (261 and 334
mg/kg respectively). This values decrease ovettithe to almost disappeared (2 and 14 mg/Kg
respectively). It is to be noted that by using 20f&thanol, the content of HTY is preserved over
the time, in fact, the quantity of the bioactiverqmound found at the end of the experimentation
was 60 and 87 mg/Kg in the solution containing sagsand pitted olives respectively. The patterns
observed in the three cases (whole, pitted andheduslives) in the two solutions (pure water and
water/ethanol (v/v 80:20) are quite different. he ttase of the solution containing whole olives, th
concentration of the bioactive compound increases the time and this increment is due both to
its initial content and both to the degradationsetoiridoid compounds. This low accumulation
observed it could be attributed to the fact thavhole olives the membrane is not damaged and the
release of the bioactive compound is slowed dowme Behavior of the solutions containing
crushed and pitted olives are comparable. In bbthean, the concentration of HTyr decreases over
the time. The presence of the stone seems to favaster degradation of the compound under
investigation.

Tyrosol (Tyr). In all cases analysed the content of Ty increa3éss increase can be
attributed both to its initial content and both ttee degradation processes of higher molecular
weight molecules. In the solutions containing whallges, the concentrations of Ty on the first day
was found to be 8 mg/Kg in pure water and 9 mgikgater/ethanol (v/v 80:20). At the end of the
debittering process these contents were 39 andgdKgmrespectively. The concentration of Ty in
crushed olives on the first day of the debittepmgcess was 25 mg/Kg in pure water and 27 mg Kg
water/ethanol (v/v 80:20). At the end of the expemtation these contents were 65 and 56 mg/Kg
respectively. The solvent in these two cases doesffect the Ty content. Different appears the
situation in the solutions containing pitted olivés fact, the Ty content varies from 24 to 100
mg/Kg in pure water and from 25 to 40 mg/Kg in wegthanol (v/v 80:20).

VerbascosideThe trend observed for all the solutions is simitarthe one observed for
HTyr: the verbascoside tends to increase during ghecess of debittering. In the solutions
containing whole olives, the content of the bioacitompound varies from 196 to 365 mg/Kg on
the first and last day respectively. In water/etiign/v 80:20) its content varies from 338 to 441
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mg/Kg on the first and last day, respectively. Bodution containing crushed and pitted olives in
pure water showed an high content of verbascodidady on the first day of the experimentation
(802 and 1319 mg/kg for crushed and pitted oliespectively). This values decrease over the time
to almost disappeared (1 and 4 mg/Kg respectively).

Luteolin. Luteolin is responsible, along with other carotdncompounds, of the colour of
the drupes. Fermentation and debittering procesgg®mote its release in solution that is
pronounced if olives are damaged. Moreover, in fhesence of solvents such as ethanol, this
release is marked. The absence of light, alsogpreghe colour of the final solutions. During the
ten days of experimentation, depending on the slivilized, different gradation of colour were
obtained. Whole olives gave at the end of the exprtation a dark green colour, whereas crushed
and pitted ones a green browny colour that was neeident in the ethanolic solutions. All
solutions analysed showed an increase of the neambmpound. In particular, in agueous solution
containing whole olives the luteolin content variesm 66 to 218 mg/Kg during the experimental
period, whereas in the ethanol solution from 8283 mg/Kg. The solutions containing crushed
and pitted olives in pure water showed an higherteat of luteolin during the first days of the
experimentation; these values will not undergo ugro many changes over the period of the
debittering process. In fact, the content of lutetr crushed olives varies from 126 to 202 mg/Kg
whereas for pitted olives from 110 to 190 mg/KgeTéthanol solutions have a different pattern
respect the previous ones examinated. In fact, flagnone the solutions are very rich in luteolin
that grows up during all the debittering process.tife end of the experimentation almost 700
mg/Kg were found in the solution containing crusioéides and almost 800 mg/Kg in the solution
containing crushed ones.

Rutin. This glycoside flavone is stable in aqueous smitufait neutral or alkaline pH; in an
acid or by the action of enzymes specific hydrglabe glycosidic bond is broken with the
formation of anomeric hemiacetals. In the aqueamlstisns analysed the concentration of rutin,
from the first to the last day of experimentatiayes not change much and remains constant when
whole olive are used (from 40 to 44 mg/Kg). A dese of the compounds can be observed for
crushed olives (from 110 to 31 mg/Kg) and for pittdives (from 179-101 mg/Kg). The difference
that can be noticed when ethanol is added, istheatontent of rutin released is far greater but
constant throughout the experimentation period:wbple olive the content of rutin is the same
than in the aqueous solution ( from 41 to 49 mg/K@he solutions containing pitted olives showed
an increased content of compound than those camgagrushed olives (from 144 to 132 mg/Kg
and from 221 to 200 mg/Kg respectively).

Conclusions

From the results obtained (Fig. 1 and Table 1) asvwpossible to observe that these bioactive
compounds were present in a very interesting amaltgddy from the first three days of treatment.
Fermentation and debittering processes promotedikase of bioactive compounds in solution
that is pronounced if olives are damaged (crusinedpdted olives) and in water solution.

It seems that the presence of EtOH slows downelease in solution of the bioactive compounds
and their complete degradation. This behavior i¢ troe when luteolin is considered.
The presence of stone (crushed olives) seems tmiamore decay of analyzed compounds.
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The content in OLP decreases overe thtime in every thesis analyzed.
The concentration in Htyr e Verbascoside increasesr the time in whole olives macerated in
pure water or in ethanolic solution, its decrease pitted olives and crushedlives.

The content in Tyr and Luteolin increases during imaceration process in every thesis analyzed.
The concentration in Rutin in whole olives macetaite water solution varies from 28 ppm to 44
ppm, in ethanolic solution from 40 ppm to 53 ppn.crushed olives macerated in pure water it
decreases from 1101 ppm to 32 ppm, in ethanoligtisol the range is between 97 ppm and 161
ppm. In pitted olives it decreases from 179 ppm@t ppm in water solution, in ethanolic solution
the range is between 200 ppm and 288 ppm.

Each day, before collecting aliquotes of the sohdgiunder investigation their pH was monitored.
The aqueous solutions containing whole and crusiigds gave a pH value of 6 regardless if
water/ethanol (v/v, 80:20) or pure water was emptbyOn the other hand, the pH value of aqueous
solutions containing pitted olives was 5. Therefateseems that the presence of the stone is
responsible of the changing of the pH of the sohsi

Safety procedures matching food supplements dnesctissued by European and International
bodies were implemented (ICH, 2009). The solutisesovery from the extraction of olives
obtained by both trials carried (100% water or sofu of water/ethanol (v/v, 80:20)), can find
direct application in cosmetics and useful as raatemals for the production of nutraceuticals.
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Analyte Sample Mean (SD) RSD Sample Mean (SD) RSD Sample Mean (SD) RSD Sample Mean (SD) RSD Sample Mean (SD) RSD Sample Mean (SD) RSD
mg/Kg % mg/Kg % mg/Kg % mg/Kg % mg/Kg % mg/Kg %
Tyrosol AH1 9,30 (0,02) 0,20 BH1 2493(0,04) 0,17 CH1 2423(0,22) 0,89 AET1 10,63(0,05) 0,45 BET1 2848(0,25) 0,90 CET1L 2640(0,02) 0,07
Tyrosol AH2 8,44 (0,00) 0,04 BH2 26,60 (0,34) 1,27 CH2 34,01(0,04) 0,12 AET2 9,72 (0,01) 0,07 BET2 27,27(0,20) 0,70 CET2 24,11(0,11) 0,44
Tyrosol AH3 1158(0,05) 0,43 BH3 41,75 (0,62) 1,48 CH3 30,67 (0,05) 0,16 AET3 1353(0,00) 0,04 BET3 2991(0,28) 0,90 CET3 25,20(0,25) 1,00
Tyrosol AH4 13,24(0,08) 0,63 BH4 48,90 (0,03) 0,06 CH4 2839 (0,01) 0,05 AET4 19,17(0,18) 0,95 BET4 30,88(0,01) 0,00 CET4 29,74(0,04) 0,12
Tyrosol AH5 19,83(0,04) 0,22 BH5 61,09(0,39) 0,64 CH5 37,82(0,20) 0,52 AET5 20,43(0,14) 0,70 BET5  35,95(0,37) 1,00 CET5 26,92(0,20) 0,74
Tyrosol AH6 2297(0,17) 0,72 BH6 72,60 (0,83) 1,14 CH6 40,14 (0,66) 1,64 AET6 2253(0,19) 0,84 BET6 39,14 (043) 1,10 CET6 3325(0,22) 0,66
Tyrosol AH7 28,10(0,03) 0,11 BH7 97,80(0,00) 0,00 CH7 50,22 (0,24) 0,48 AETY 22,68(0,07) 0,32 BET7 4805(0,09) 0,20 CET/ 36,68(0,10) 0,28
Tyrosol AHS8 31,17(0,08) 0,26 BH8 9956 (2,49) 2,50 CH8 7515(0,19) 0,26 AET8 2291(0,13) 0,56 BET8 4948(0,14) 0,30 CET8 40,17 (0,54) 1,34
Tyrosol AH9 36,04 (0,32) 0,90 BH9 78,17 (1,24) 1,59 CH9 83,73(249) 2,97 AET9 23,63(0,05) 0,21 BET9 53,17(0,02) 0,00 CET9 3815(032) 0,84
Tyrosol AH10 4149(0,01) 0,03 BH10 6528(2,07) 3,17 CH10 100,14 (0,05) 0,05 AET10 23,49(0,25) 1,07 BET10 56,28 (0,22) 0,40 CET10 3940(0,21) 0,53
Hydroxytyrosol AH1  2632(0,11) 0,43 BHL 260,76 (396) 1,5C CH1 339,31 (15,71) 4,63AET1  5521(1,33) 2,40 BETL 264,26 (11,89) 4,87 CET1 356,72 (10,90) 3,10
Hydroxytyrosol ~AH2 20,79 (0,00) 0,00 BH2 188,62 (2,97) 1,6C CH2 317,50 (0,99) 0,31 AET2 56,32 (1,26) 2,24 BET2 288,78 (991) 3,43 CET2 332,91 (20,80) 6,20
Hydroxytyrosol AH3 39,77 (0,30) 0,75 BH3 163,40 (4,95) 3,0C CH3 286,68 (2,97) 1,04 AET3 70,10 (1,19) 1,70 BET3 283,87 (12,88) 4,54 CET3 332,20 (1,98) 0,60
Hydroxytyrosol AH4 55,69 (1,61) 2,90 BH4 140,99 (495) 3,5C CH4 275,47 (297) 1,08 AET4 102,25 (0,89) 0,87 BET4 274,07 (0,99) 0,36 CET4 298,58 (3,96) 1,30
Hydroxytyrosol AH5 72,76 (040) 0,54 BH5 104,51 (545) 5,2C CH5 239,14 (8,78) 3,67 AETS 104,96 (432) 4,12 BET5 241,15 (396) 1,64 CET5 252,36 (0,00) 0,00
Hydroxytyrosol AH6 91,19(345) 3,79 BH6 47,62 (1,00) 2,10 CH6 178,81 (14,86) 8,31 AET6 110,66 (3,27) 2,95 BET6 206,13(1,98) 0,96 CET6 212,43 (0,99) 0,50
Hydroxytyrosol AH7 111,32 (4,12) 3,7C BH7 1345(0,00) 0,00 CH7 113,53 (344) 3,03 AETY 120,60 (1,10) 0,90 BET7 157,80(0,99) 0,63 CET7 162,70 (1,98) 1,20
Hydroxytyrosol AH8 127,89 (5,84) 4,57 BH8 4,94 (0,04) 0,80 CH8 72,20 (0,79) 1,10 AET8 128,45 (3,27) 2,54 BET8 122,00 (5,65) 4,63 CET8 138,39 (1,68) 1,20
Hydroxytyrosol AH9 145,19 (4,95) 3,41 BH9 3,26 (0,00) 0,00 CH9 33,05(0,13) 0,38 AET9 144,49 (396) 2,74 BET9 82,07(0,34) 0,42 CET9 111,22 (4,06) 3,70
Hydroxytyrosol AH10 186,10 (8,50) 4,57 BH10 2,15 (0,00) 0,10 CH10 13,84(0,10) 0,74 AET10 148,69(1,98) 1,33 BET10 60,30(040) 0,66 CET10 87,33(3,05) 3,50
Oleuropein AH1 42319 (11,22) 2,65 BHL 1118 (25) 2,20 CH1 1237 (10) 0,83 AET1 351,62 (9,36) 2,66 BETL 638,75 (16,27) 2,55 CETL 754,18 (38,72) 5,13
Oleuropein AH2 288,51 (13,73) 4,7¢ BH2 721,82 (0,00) 0,0C CH2 943,34 (38,72) 4,10 AET2 332,06 (4,22) 1,27 BET2 592,37 (7,08) 1,20 CET2 553,05 (21,78) 3,94
Oleuropein AH3 273,32 (10,36) 3,8¢ BH3 481,34 (23,86) 4,9¢ CH3 716,85 (14,08) 1,96 AET 3 346,00 (141) 0,41 BET3 517,73 (21,12) 4,08 CET3 478,66 (6,69) 1,40
Oleuropein AH4 276,31 (7,74) 2,8C BH4 392,79 (14,08) 3,5¢ CH4 609,82 (17,60) 2,89 AET 4 359,77 (12,44) 3,46 BET4 487,87 (0,00) 0,00 CET4 437,34 (13,73) 3,14
Oleuropein AH5 259,63 (11,62) 4,41 BH5 322,41 (11,54) 3,5¢ CH5 565,11 (17,47) 3,09 AET5 331,07 (845) 2,55 BET5 409,47 (598) 1,46 CET5 367,65 (6,69) 1,82
Oleuropein AH6 252,17 (458) 1,81 BH6 167,01 (8,15) 4,8¢ CH6 427,64 (15,49) 3,62 AET6 326,59 (4,93) 1,51 BET6 356,45 (11,97) 3,36 CET6 336,79 (2,46) 0,73
Oleuropein AH7 245,87 (11,36) 4,6z BH7 4739(1,92) 4,05 CH7 305,72 (11,20) 3,66 AET7 313,89 (8,80) 2,80 BET7 267,60 (0,35) 0,13 CET/7 266,11 (9,50) 3,57
Oleuropein AH8 227,38 (7,25) 3,1¢ BH8 32,83(0,38) 1,15 CH8 216,33 (4,58) 2,12 AET8 308,17 (3,52) 1,14 BET8 217,68 (10,71) 4,92 CET8 245,95 (2,11) 0,86
Oleuropein AH9 228,03 (7,04) 3,0¢ BH9 1494 (038) 2,52 CH9 126,73 (1,06) 0,83 AET9 301,70 (13,38) 4,43 BET9 171,12 (797) 4,66 CET9 200,15 (0,75) 0,35
Oleuropein AH10 227,07 (10,15) 4,41 BH1I0 1151(051) 4,46 CHI0 6027(004) 0,06 AET10 256,70 (12,40) 4,83 BET10 139,17 (246) 1,77 CET10 162,32 (11,26) 6,94
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Analyte Sample Mean(SD) RSD Sample Mean(SD) RSD Sample Mean(SD) RSD Sample Mean(SD) RSD Sample Mean(SD) RSD Sample Mean(SD) RSD
mg/Kg % mg/Kg mg/Kg % mg/Kg % mg/Kg % mg/Kg %

Rutin AH1 2818(027) 0,76 BHL 75,78(0,94) 1,28 CH1L 132,43 (755) 5,7C AET1  46,18(043) 0,92 BET1 97,30 (142) 1,4€ CETL 225,90 (739) 3,27
Rutin AH2 3520(020) 0,72 BH2 109,75 (440) 4,00 CH2 179,11 (314) 1,7¢ AET2  4112(0,80) 1,95 BET2 144,48 (0,07) 0,08 CET2 266,47 (11,64) 4,37
Rutin AH3 36,23 (0,05) 0,13 BH3 9458 (0,08) 0,0¢ CH3 162,21 (5,66) 3,4¢ AET3 42,14 (0,68) 1,60 BET3 155,04 (040) 0,2¢ CET3 288,04 (12,58) 4,37
Rutin AH4 39,07 (0,30) 0,77 BH4 97,36(1,18) 1,21 CH4 167,55 (440) 2,6 AET4 53,29 (0,09) 0,18 BET4 160,88 (1,26) 0,7¢ CET4 261,80 (3,14) 1,20
Rutin AH5 37,89(005) 0,12 BH5 96,11 (0,20) 0,21 CH5 159,99 (8,80) 5,5( AET5  48,63(049) 1,01 BETS 145,76 (503) 3,4t CET5 252,27 (16,35) 6,50
Rutin AH6 39,61 (0,09) 0,24 BH6 80,05 (0,66) 0,8 CH6 146,65 (1,26) 0,8t AET6 48,93 (0,94) 1,92 BET6 147,54(8,80) 5,91 CET6 251,58 (15,09) 6,00
Rutin AH7  4230(041) 0,97 BH7 66,28 (1,75) 2,62 CH7 133,76 (5,04) 3,71 AETY 45,24 (0,32) 0,70 BET7 141,32 (5,03) 3,5¢ CET/ 234,68 (13,83) 5,89
Rutin AH8 39,99 (0,82) 2,04 BH8 53,63(0,02) 0,0z CH8 135,54 (10,69) 7,8¢ AET8 4484 (0,41) 0,91 BET8 136,87 (441) 3,2 CET8 230,68 (692) 3,00
Rutin AH9 41,37 (0,09) 0,23 BH9 40,69 (0,80) 1,97 CH9 119,09 (1,26) 1,0¢ AET9 40,12 (0,25) 0,63 BET9 131,98 (094) 0,71CET9 215,12 (252) 1,17
Rutin AH10 4427(005) 0,10 BH10 30,97 (0,19) 0,6 CH10 101,30 (55,03) 4,9° AET10 44,62(063) 1,42 BET10 131,54 (408) 3,1( CET10 199,56 (943) 4,73
Luteolin AH1 7123(087) 1,22 BHL 126,17 (478) 3,7 CH1 140,18 (584) 4,11 AETL  9267(3,63) 3,92 BETL 240,22 (967) 4,0 CETL 544.45(926) 1,70
Luteolin AH2 78,89 (1,24) 157 BH2 201,80 (854) 4,2: CH2 321,67 (8,54) 2,66 AET2 97,17 (2,05) 2,11 BET2 535,27 (15,41) 2,8¢ CET2 586,33 (4,72) 0,80
Luteolin AH3 128,88 (1,11) 0,86 BH3 198,42 (3,08) 1,5t CH3 274,08 (4,76) 1,7¢ AET3 107,07 (5,13) 4,79 BET3 503,75(1,53) 0,3( CET3 875,66 (33,02) 3,77
Luteolin AH4 165,06 (242) 1,46 BH4 236,60 (209) 0,86 CH4 296,29 (0,35) 0,12 AET4 197,70 (81,37) 0,69 BET4 657,33 (0,000 0,0 CET4 886,91 (34) 0,39
Luteolin AH5 171,61 (0,24) 0,14 BH5 254,52(293) 1,15 CH5 307,41 (2,64) 0,8¢ AET5S 246,99 (15,04) 6,09 BET5 698,41 (23,91) 3,4: CET5 863,91 (22,27) 2,58
Luteolin AH6 177,88 (0,000 0,00 BH6 217,75 (14,70) 6,7* CH6 256,90 (6,33) 2,4¢ AET6 260,04 (6,15) 2,37 BET6 770,91 (17,09) 2,2 CET6 884,49 (27,34) 3,09
Luteolin AH7 190,06 (13,54) 7,12 BH7 200,10 (031) 0,1f CH7 247,24(065) 0,2¢ AET7 304,51 (12,99) 4,26 BET7 773,33(13,67) 1,7. CET7 802,32 (41,01) 5,11
Luteolin AH8 187,55(6,15) 3,28 BH8 199,63 (10,94) 5,4¢ CH8 220,93 (0,33) 0,1f AET8 338,34 (1,37) 0,40 BET8 709,66 (26,16) 3,6¢ CET8 860,32 (27,34) 3,18
Luteolin AH9 191,17 (2,39) 1,25 BH9 202,77 (14,01) 6,9 CH9 301,22 (11,49) 3,8 AET9 340,03 (0,34) 0,10 BET9 625,91 (10,25) 1,6« CET9 865,16 (6,84) 0,79
Luteolin AH10 229,35(0,34) 0,15 BH10 202,29 (5,13) 2,5 CH10 242,01 (9,06) 3,7¢ AET10 361,08 (13,70) 3,80 BET10 698,41 (17,09) 2,4* CET10 802,32 (34,18) 4,26
Verbascoside AH1 195,97 (4,81) 1,29 BH1 801,61 (20,42) 25 CH1 1319 (55) 4,19 AETL 337,82 (37,24) 110:BETL 960,45 (9,61) 1,0 CETL 1082 (18) 1,68
Verbascoside AH2 203,38 (262) 2,45 BH2 523,73(9,77) 1,81 CH2 1140 (2) 0,21 AET2 338,67 (7,22) 2,13 BET2 940,06 (0,00) 0,0( CET2 873,81 (38,44) 4,40
Verbascoside AH3 235,89 (15,62) 6,62 BH3 201,92 (10,81) 5,3t CH3 772,73 (27,63) 3,5¢ AET3 388,79 (1,200 0,31 BET3 812,65(9,61) 1,1¢ CET3 660,72 (25,06) 3,79
Verbascoside AH4 279,21 (0,00) 0,00 BH4 123,18 (3,79) 3,06 CH4 568,87 (10,81) 1,9( AET4 404,20 (5,07) 1,25 BET4 688,64 (481) 0,7 CET4 539,99 (22,82) 4,23
Verbascoside AH5 296,11 (0,13) 0,04 BH5 7527 (191) 2,5 CH5 374,06 (12,42) 3,3: AET5 404,93 (721) 1,78 BETS 466,94 (841) 1,8( CET5 361,61 (18,02) 4,98
Verbascoside AH6 305,55 (22,82) 7,47 BH6 14,32(0,02) 0,1 CH6 178,30 (0,25) 0,1« AET6 412,57 (15,62) 3,79 BET6 321,69 (961) 2,9¢ CET6 236,84 (7,34) 3,10
Verbascoside AH7 314,04 (32,43) 10,3: BH7 4,01 (0,01) 0,1¢ CH7 60,68 (0,04) 0,0¢ AET7 414,27 (15,62) 3,77 BET7 175,58 (0,00) 0,0 CET7 149,34 (0,09) 0,06
Verbascoside AH8 328,48 (12,01) 3,66 BH8 1,99 (0,00) 0,0C CH8 25,48(0,13) 0,5z AET8 422,77 (18,02) 4,26 BET8 90,05(0,11) 0,1z CET8 98,89 (0,03) 0,03
Verbascoside AH9 332,73 (1,20) 0,36 BH9 1,15 (0,00) 0,0C CH9 8,01 (0,03) 0,42 AET9 433,79 (82,40) 0,55 BET9 43,68 (0,05) 0,1z CET9 62,36 (0,20) 0,32
Verbascoside AH10 345,01 (0,16) 0,05 BH10 0,99 (0,00) 0,0C CH10 4,11 (0,00) 0,07 AET10 440,60 (4,78) 1,10 BET10 26,34(0,12) 0,4€ CET10 48,77 (0,94) 1,93

Table 1.The listed values are the average values obtdinedthree repetitions with the relative standaediation (RSD). In parentheses is indicated thedstal deviation (SD). The values are expressedgitkga The
letters A, B and C are for whole olives, crusheides and pitted olives respectively. H and ET amevfater solution and 20% ethanolic solution reSpely. The number 1 to 10 indicate the day of ¢éxperimentation.

72



3. Experimental section

References

AMIOT, M.J., FLEURIET, A., MACHEIX, J.J., 1989. Actnulation of oleuropein derivatives during olive toration,
Phytochemistry 28, 67—69.

ANGEROSA, F., DALESSANDRO, N., CORNARA, F., MELLER, G., 1996. Characterization of phenolic and
secoiridoid aglycones present in virgin olive o¥ gas chromatography-chemical ionization mass speetry, J.
Chromatogr.A 736, 195-203.

AZIZ, N.H., FARAG, S.E., MOUSA, L.A. and ABO-ZAIDM.A. 1998. Comparative antibacterial and antifuneffécts
of some phenolic compounds. MicrobB® 43-54.

BENAVANTE-GARCIA, O., CASTELLO, J., MORENTE, J., ORJNO, A. and DEL RIO, J.A. 2000. Antioxidant
activity of phenolics extracted from Olea europedehves. Food Cheri8, 457—-462.

BIANCO, A.D., PIPERNO, A., ROMEO, G., UCCELLA, N1999. NNMR experiments of oleuropein biomimetic
hydrolysis, J. Agric. Food Chem. 47, 3665—3668.

BIANCO, A. and UCCELLA, N. 2000. Biophenolic compmis of olives. Food Res. &3, 475-485.

BISIGNANO, G., LAGANA, M.G. °, TROMBETTA, D., ARENAS., NOSTRO, A., UCCELLA, N., MAZZANTI, G.,
SAIJIA, A.,2001. In vitro antibacterial activityf gome aliphatic aldehydes from Olea europacaEME Microbiol. Lett.
198, 9-13.

BRENES BALBUENA, M., GARCIA, P., GARRIDO FERNANDEZ., 1992. Phenolic compounds related to the black
color formed during the processing of ripe olivésAgric. Food Chem. 40, 1192-1196.

BRIANTE, R., LA CARA, F., FEBBRAIO, F., BARONE, R.PICCIALLI, G., CAROLL, R., MAINOLFI, P., DE
NAPOLI, L., PATUMI, M., FONTANAZZA, G., NUCCI, R., 2000. Hydrolysis of oleuropein by recombinant b-
glycosidase from hyperthermophilic archeon Sulfollsolfataricus immobilised on chitosan matrixBibtechnol. 77,
275-286.

BRIANTE, R., LA CARA, F., TONZIELLO, M.P., FEBBRAIQF. and NUCCI, R. 2001. Antioxidant activity oftimain
bioactive derivates from oleuropein hydrolysis lypérthermophilic b-glycosidase. J. Agric. Food Chéf) 3198-3203.

BRIANTE, R., PATUMI, M., LIMONGELLI, S., FEBBRAIO,F., VACCARO, C., DI SALLE, A, LA CARA, F,,
NUCCI, R., 2002. Changes in phenolic and enzymetiivities content during fruit ripening in two li@n cultivars of
Olea europaea L., Plant Sci. 162, 791-798.

CARLUCCIO, M.A,, SICULELLA, L., ANCORA, M.A.,, MASSRO, M., SCODITTI, E., STORELLI, C., VISIOLI, F.,
DISTANTE, A. and DE CATERINA, R. 2003. Olive oil dnred wine antioxidant polyphenols inhibit endoiiel
activation: Antiatherogenic properties of Meditexean diet phytochemicals. Arterioscler. Thromb.cVaiol. 23, 622—
629.

CAPASSO, R., EVIDENTE, A., VISCA, C., GIANFREDA, LMAREMONTI, M., GRECO, G.. 1996. Production of
glucose and bioactive aglycone by chemical and reaiig hydrolysis of purified oleuropein from Olearepaea. Appl.
Biochem. Biotechnol. 61, 365-377.

CIANFARDINI, G., MARSILIO, V., LANZA, B., POZZI, N, 1994. Hydrolysis of oleuropein by Lactobacilluargarum
strains associated with olive fermentation. ApplviEbn. Microbiol. 60, 4142—4147

ESEN, A., 1993. b-Glucosidases, in: A. Esen (Ed:$lucosidases: Biochemistry and Molecular Biologynerican
Chemical Society, Washington, 1-14.



3. Experimental section

FREDRICKSON, W.R. 2000. Method and compositiondtiviral therapy. US Patent 6117844 (Appl. No.358.

GORDON, M.H., PAIVA-MARTINS, F. and ALMEIDA, M. 200. Antioxidant activity of hydroxytyrosol acetate
compared with that of other olive oil polyphenals Agric. Food. Chen#9, 2480-2485.

GRUENWALD, J., 1998. Olea europaea. In: PDR forb4émMedicines. Medical Economics Company, Montvald,
999-1000.

KOHYAMA, N., NAGATA, T., FUJIMOTO, S. and SEKIYA, K1997. Inhibition of arachidonate lipoxygenasevéts

by 2-(3,4- dihydroxyphenyl)ethanol, a phenolic commpd from olives. Biosci. Biotechnol. Biochefi, 347-350.

KONNO, K., HIRAYAMA, C., YASUI, H., NAKAMURA, M., 1999. Enzymatic activation of oleuropein: a protein
crosslinker used as a chemical defense in thetgrae, Proc. Natl. Acad. Sci. U.S.A. 96, 9159-9164

KUBO, A., LUNDE, C.S., KUBO, I., 1995. A multichendl defense mechanism of bitter olive Olea eurofj@ézaceae).
Is oleuropein a phytoalexin precursor? J. Cheml. Bdg 251-263.

MARSILIO, V., LANZA, B., POZZI, N., 1996. Progress table olive debittering: degradation in vitro @éuropein and
its derivatives by Lactobacillus plantarum. J. Abi. Chem. Soc. 73, 593-597.

MORELLO, J.R., ROMERO, M.P., MOTIVA, M.J., 2004 (AEffect of maturation process of the olive fruit the
phenolic fraction of drupes and oils from ArbequiRarga and Morrut cultivars. J. Agric. Food Chégy. 6002—-6009.

MORELLO, J.R., MOTIVA, M.J., TOVAR , M.J. , ROMERQW.P., 2004 (B). Changes in commercial olive oW (c
Arbequina) during storage with special emphasigtmnolic fraction, Food Chem. 85, 357—364.

MCDONALD, S., PRENZLER, P.D., ANTOLOVICH, M. and BBARDS, K. 2001. Phenolic content and antioxidant
activity of olive extracts. Food Cheim3, 73—-84.

PAIVA-MARTINS, F., GORDON, M.H. and GAMEIRO, P. 280Activity and location of olive oil phenolic aatidants
in liposomes. Chem. Phys. Lipid24, 23-36.

RYAN, D. , ROBARDS, K.., 1998. Phenolic compound®lives. Analyst, 123, 31R-44R.

RYAN, D. , ROBARDS, K.., LAVEE, S.,1999. Changesphenolic content of olive during maturation, lit.Food Sci.
Technol. 34, 265-274.

RYAN, D. , ANTOLOVICH, M., PRENZLER, P., ROBARDS, .K LAVEE, S., 2002Biotransformations of phenolic
compounds in Olea europaea L. Scientia Horticaittup2, 147-176;

SAIJA, A, TROMBETTA, D., TOMAINO, A.,, LO CASCIO, R PRINCI, P., UCCELLA, N., BONINA, F. and
CASTELLI, F. 1998. In vitro evaluation of the antidant activity and biomembrane interaction of fhlant phenols
oleuropein and hydroxytyrosol. Int. J. Pharma&éb, 123-133.

SAIJA, A. and UCCELLA, N. 2001. Olive biophenolsurietional effects on human wellbeing. Trends Fooid Bechnol.
11, 357-363.

SOLER-RIVAS, C., ESPIN, J.C., WICHERS, H.J., 20@europein and related compound. J. Sci. FoodcAg0,
1013-1023.

UCCELLA, N., 2001. Olive biophenols: biomoleculahatacterization, distribution and phytoalexin histemical
localization in the drupes. Trends in Food Sciefaceechnology 11, 315-327.

VISIOLI, F., POLI, A. and GALLI, C. 2002. Antioxida and other biological activities of phenols fratives and olive
oil. Med. Res. Re\22, 65-75.

74



3. Experimental section

3.2.2 Composition of plant virgin oils obtained fron Oleaceae fruits
Muzzalupd? A. Russo, A. Chiappetti E. Romany E. Perri

'CRA-Centro di Ricerca per l'olivicoltura e lindui olearia (CRA-OLI), Italy;
2CRA-Centro di Ricerca per le produzioni foraggefatéero-casearie (CRA-FLC), ltaly;
3Universita degli Studi della Calabria, Dip. di Ecwjia, Italy;

Special Abstracts / Journal of Biotechnology 158&10) S1-S576, [P-F.9], doi:10.1016/j.jbiotec.2@3252

ITALUS ORTUS, IN PRESS>>

Summary

To increase the content of the secoiridoids comg@gsun the oil, some mixtures of olive
fruits were made with those of other species of@teaceae family. The procedure applied
for the last sample preparation and analytical shigation is patent pending. The same
cultivar present in the Oleaceae oil has been asecbntrol. Although the EU Regulation
61/2011 does not include the marketing of these labbeled "virgin olive oils", recently a
considerable interest is being manifested towadnésutse of oils used in cosmetics, while
well-established markets exist for the marketingfamdd supplements rich secoiriion of
tidoids activities in the Healthy for humans. Thegose of this research was to evaluate the
composition of plant virgin oils obtained fro@leaceadruits.

Abstract

Virgin oils are primary metabolites of many higipdaints that are economically important as
sources of food and industrial oils. Chemicallygmloils are rich of triglycerides, made of
different fatty acids. The virgin olive oil conta&ibout 96-98% of the saponificable fraction.
Oleic acid is the principal component (70-80%) loik tmatrix, succeeding linoleic (12%)
and palmitic (6.5%) acids. Unsaponificable fracti@ontains: terpenes, chlorophylls
tocopherols, sterols and phenolic compounds. Sdoals, like aglycone derivatives of
oleuropein, demethyloleuropein and ligstroside, @esent in olive fruit as most abundant
virgin olive oil phenolic antioxidants. Several ionpant biological activities (antioxidant,
anti-inflammatory, chemopreventive and anti-cancanyl the characteristic pungent and
bitter tasty properties have been attributed tgiwviolive oil phenols.

The olive tree is a member of ti@deaceaefamily, which contains the geneFaaxinus
Forsythia Forestierg LigustrumandSyringg as well as the genu@lea Commercial olives
are products of th®lea europaed.. species. Olive Qlea europaeal.) is a perennial
evergreen tree that has grown naturally and bekivated widely in the Mediterranean for
centuries.
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The aim of this study was to compare the phendlitd fatty acids composition in two
different olive oils. Particularly, one sample ibtained from ‘Coratina’ cultivar and the
other is obtained from virgirOleaceaeoil (‘Coratina’ + other Oleaceaefruit). The
procedure applied for the last sample preparatioth analytical investigation is patent
pending.

Quali-quantitative analysis (performed by HPLC-M&Mand GC-MS/MS) could be a
useful tool to better correlate the typicity of thie#gin Oleaceaeoil with its phenolic
compounds and fatty acids profile. Further studies in progress to isolate unknown
compounds and to further investigate the quaititiex of this food product.

Experimental

The current study has been led in the biennium9/2l1 in two different oils: Oleaceae
oil (‘Coratina’ cv + otheOleaceadtruit) and Olea europaea oil (‘Coratina’ cv).

Free acidity, peroxide index, UV spectrophotomeitridices, fatty acids composition were
analysed following the procedures of the EU Reguia61/2011. The total phenols were
analyzed by COI method (2009), while the individpakenols according to Montedoro and
Owen methods (Montedoro et al., 1993; Owen et 2000). The oxidative stability
(Rancimat method) has been performed following mhethodology developed in the
laboratories of the CRA-OLI. The sensory analyBlanel test) accords to the Regulation
CEE 2568/91. Analyses were conducted in triplicate

Results and discussion

The results obtained show that the main parametetee oil commodity are within the
limits set by EEC Regulation EU Regulation 61/20Tlere were no significant differences
between oil and oil Coratina and oil Oleaceae @slika nd 1b). Both show a sensory profile
graded rating of 6.5 from the panel group and the &scribed to the category of extra
virgin oils (Figure 1).
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2009-2010 2010-2011

Olea europaea Oleaceae Olea europaea Oleaceae

Mean +SD Mean +SD Mean +SD Mean +S[D
Free acidity
(% as oleic acid; Limit< 0.8) 0,2+0,0 0,2+0,0 0,4+0,0 0,4+0,0
Peroxide index
(mEqg O2/kg oil; Limit:< 20) 2,3+0,1 2,5+0,3 3,2+0,2 3,5+0,4
K232 (limit: <2,500) 1,943+0,074  2,033+0,072 1,720£0,069  1,737+0,015
K270 (limit: < 0,200) 0,193+0,006 0,177+0,015 0,157+0,049  0,133+0,015
AK (limit: <0,001) 0,000+0,000  0,000+0,000 0,000+0,000  0,000+0,p00

Table 1A: Free acidity, peroxide index and UV spectrophotimiméndices.

2009-2010 2010-2011

Olea europaea Oleaceae Olea europaea Oleaceae

Mean (%) £SD Mean (%) +SD Mean (%) +SD Mean (%p+
C14:0 0,02+0,01 0,02+0,01 0,01+0,01 0,01+0,01
C16:0 11,31+0,17 11,14+0,38 7,59+40,12 9,08+1,26
Ci6:1 0,50+0,02 0,48+0,06 0,36+0,01 0,35+0,01
C17:0 0,05+0,01 0,04+0,01 0,03+0,01 0,04+0,01
Ci7:1 0,08+0,01 0,06+0,01 0,05+0,01 0,06+0,01
C18:0 2,05+0,05 2,16+0,02 2,09+0,02 2,16+0,01
ci8:1 78,01+0,04 78,12+0,38 81,85+0,13 80,63+1,08
C18:2 6,3510,11 6,4310,10 6,12+0,03 5,7940,14
C18:3 0,34+0,03 0,33+0,02 0,42+0,01 0,41+0,01
C20:0 0,82+0,12 0,80+0,06 0,90+0,06 0,86+0,07
C20:1 0,20+0,05 0,20+0,02 0,28+0,06 0,32+0,07
C22:0 0,10+£0,02 0,10£0,01 0,14+0,03 0,14+0,03
C24:0 0,05+0,02 0,04+0,01 0,07+0,00 0,07+0,01
C18:1/C18:2 |12,28+0,27 12,15+0,12 13,37+0,08 13,92+0,14

Table 1B: Fatty acids composition
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Panel Test
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Figure 1: Panel Test

The main differences are related to their contdnphenolic compounds (Table 2) and
particularly the content of oleocanthal (dialdehyaleligstroside, p-HPEA-EDA). This
molecule in the Oleaceae oils appears to be dadngpared to those obtained from olives
only. In addition, other phenolic compounds appwarbe more present in the oil of
Oleaceae, with the exception of tyrosol and pinoatds Among the phenolic compounds
pinoresinol and oleocanthal are the most abunddr.different distribution of these two
phenolic compounds in two different oils is inteém@g. In fact, in both years of olil
production, the oils obtained from fruits of Oleaeeshow an oleocanthal content nearly
twice the corresponding oil obtained from olivedyo@#30.80 + 32.28 and 475.87 + 57.69
against 220, 38 =+ 21.57 and 201.72 + 5.31 mg fdspectively), while the content is about
half pinoresinol (228.92 + 20.81 and 254.26 + 44410P.66 + against 39.22 and 366.74 *
9.66 mg / kg, respectively). The other phenolic poomds are mainly present in the oils
obtained from fruits of the Oleaceae than olives,owith the exception of tyrosol. The
content of the simple phenol varies from 2.03 #50® 2.21 + 0.22 in the olive oil and a
1.07+£0.16t0 1.18 £ 0.20 mg / kg in Oleaceae oils

The oils obtained from fruits of Oleaceae havegaificantly higher total phenolic content.
This oll, in fact, shows a content of phenolic cauapds amounts to 883.27 £+ 23,4 and
977.03 + 111.62 mg / kg, oil production in the y2@09-'10 and 2010-'11 respectively. The
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corresponding olive oil instead, shows a much loe@ntent equal to 641.78 + 62.8 and
587.44 + 15.47 mg / kg olive oil in the same years.

2009-2010 2010-2011

Olea europaea Oleaceae Olea europaea Oleaceae

Mean +SD Mean +SD Mean +SD Mean +SD
RANCIMAT (Limit: > 10h) 11,0¢0,2 12,%0,3 11,60,1 12,40,1
BIOPHENOLS (mg/kg of tyrosol) 641,78+62,8 883,27+23,4 587,44+1547  977,03+111,62
3,4-DHPEA 0,65+0,06 0,7340,20 0,59+0,02 0,81+0,26
p-HPEA 2,21+0,22 1,07+0,16 2,03+0,05 1,18+0,20
3,4-DHPEA-EDA 0,76+0,07 1,41+0,23 0,70+£0,02 1,57+0,34
p-HPEA-EDA 220,38+21,57  430,80+32,28 201,7245,31 475,87+57,69
EA 10,99+1,08 65,36+18,83 10,06+0,27 71,71+20,03
3,4-DHPEA-EA 2,00£0,20 14,97+0,97 1,84+0,05 16,58+2,35
p-HPEA-EA 2,2610,22 95,03+1,33 2,0740,05 105,05+10,67
ACETOXY-PINORESINOL 1,86+0,018 44,97+8,06 1,70+0,04 50,00+12,05
PINORESINOL 400,66+39,22  228,92+20,81 366,74+9,66 254,26+44,72

Table 2: Phenolic compounds and oxidative stability

In addition, the Rancimat method (Table 2), whittbvés to know the shelf life of an oil by
determining the oxidative stability at elevated pemature (usually 110 ° C), showed
significant differences between the oils producenf fruits and from those of Oleaceae
Olea europaea. In both years,. induction time oalan hour to rancidity is more in oils of
the fruits of the Oleaceae olive oil than that naknHowever, the oils under study showed
high values in the Rancimat, all over 10 hoursgdai12.4 hours.

Conclusions

In conclusion, as regards the first aspect, ibibe noted that preliminary work on varietal
screening (choice of cultivars of olive trees anda®eae), optimization of olive varieties
(weight ratio and weight olive drupe fruits Oleagand conditions in oil to mini mill (time
and temperature of crushing, malaxation and thé&ritieation) were crucial for obtaining a
high quality oil classified as "extra virgin". Whjlon the differences between the oils, it is
to highlight that these are attributable only te thuits of the Oleaceae which oil is
extracted. In fact, the olive trees used for thieaetion of both oils, have a common origin,
the field collection of CRA-OIL in Rende. This@is us to assert that the differences we
found (Rancimat and phenolic compounds) are agtuahted to the mixture of the fruits of
the Oleaceae and not to the climatic conditiondapming techniques adopted for the
cultivation of olive trees. Toxicological studiase currently underway.
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3.3 Quiality and safety in agri-food

Agri-food chains and networks play an increasinigiportant role in providing access to
markets for producers in developing countries. @lizhtion of trade and integration of
supply chains lead to new demands regarding foaditgand safety.

Quality and safety control and the validation agim are hot issues in the production of
food and its distribution, and are of primary camc® food and agriculture organization.
Modern mass spectrometry (MS) provides uniquealrtdi and affordable methodologies to
approach with a high degree of scientific naturg problem which may be posed in this
field. The specificity and sensitivity of MS methaddgies has become officially recognized
by international quality-system control-bodies &mel exploitation of multistage ion analysis
has become mandatory to adhere to worldwide ragoktregarding the recognition of
fraud and bad practices in food manipulation.

On the other hand, quantitative LC-MS/MS methodglag utilized in food safety,
agricultural and forensic chemistry. In food safdtyere are different problems related to
chemicals in foodstuffs. Certain food has the puaéf containing chemicals which, if
eaten in sufficient quantities, are harmful to hanhaalth. Other food can be contaminated
by illegal dyes. The White Paper on Food Safetyireeg a comprehensive range of actions
needed to complement and modernize existing EU flegalation. Moreover, the Food
Standards Agency aims to protect the consumer ttaase chemicals, and for this reason
must maintain the best knowledge base possibla®subject to provide the necessary tools
to ensure that consumer exposure to these chemgalept as low as reasonably
practicable. The production and consumption of famaentral to any society, and has
economic, social and, in many cases, environmeodalsequences. Although health
protection must always take priority, these issmesst also be taken into account in the
development of food policy

References

1. D. Aiello; D. De Luca; E. Gionfriddo; A. Naccaraté. Napoli; E. Romano; A. Russo; G. Sindona; A.
Tagarelli: “review. Multistage mass spectrometryqumality, safety and origino f foods”. Eur. J. Mass
Spectrom. 17, 1-31 (2011)

81



3. Experimental section

3.3.1 Identification of new Phenolic Compounds in Era Virgin Olive Oils by
Applications of Different Mass Spectrometry Scan Mdes

Anna Russ&, Elvira Romand®, Innocenzo Muzzalugd®, Enzo Perri®and Giovanni Sindon&

(@) CRA - Centro di Ricerca per I'Olivicoltura didustria Olearia, C.da Li Rocchi, 87036 Rende (E&y);

(b) Universita degli Studi della Calabria, Dipartento di Chimica, Via P. Bucci, 87036 Rende (&8y);

(c) CRA - Centro di Ricerca per le produzioni Fggare e Lattiero Casearie, Viale Piacenza, 29, L(b@),
Italy)

VIII Congresso Nazionale di Chimica degli Alimé@ualita e tipicita degli alimenti mediterranei:
alimentazione e salute” 20-24 Settembre, 2010-MarEErapani), 66-67

Abstract

Virgin oils are primary metabolites of many higipdaints that are economically important as
sources of food and industrial oils. Secoiridoitlege aglycone derivatives of oleuropein,
demethyloleuropein and ligstroside, are presemtire fruit as most abundant virgin olive
oil phenolic antioxidants. Several important biod@d activities (antioxidant, anti-
inflammatory, chemopreventive and anti-cancer) #red characteristic pungent and bitter
tasty properties have been attributed to virgineobil phenolél'z). Methanolic extracts of
fresh extra virgin olive oil samples of Coratinaltuar were 0,0001% diluited in an
acetonitrile and methanol 20 mM ammonium acetatd¢ura. ESI (+) Precursor ion of m/z
121 which correspond to tyrosol fragment gave mi@tion about the presence of ligstroside
like molecules respectively at m/z 642, 748, 77d @2 m/z. ESI(+) Product lon confirm
the possible pattern of fragmentation respectivelya glycosidic, aglycone and tyrosol
fragments(3'4). Future perspective of the work here presentebtbwilisolation, purification
and complete characterization of these new madscidentified.

Materials and methods

All experiments were carried out using an APl 4QUORAP mass spectrometer equipped
with an ESI source (Applied Biosystems, Foster C@A), working in positive mode.
Methanolic extracts of fresh extra virgin olive @amples of Coratina cultivar were
0,0001% diluited in an acetonitrile and methand)0 mM ammonium acetate mixture.
The ionization was carried with a ionospray vadtag 4800V , and a source temperature
(TEM) of 250°C. The curtain gas (CUR) and souraseg (GS1, GS2) were set to 20, 12
and 30psi, respectively, while the declusteringeptal (DP), and entrance potential (EP)
were kept at 100, and 10V, respectively. The dolisenergy was switched for optimize the
response of each analyte.
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Results and Discussion

ESI(+) MS2 mass spectra of ligsstroside is charaet@ by the fragment at m/z 345
corresonding to the elenoic acid aglycone andnmiexg at m/z 121 corresponding to the
tyrosolic moiety. Mass spectra were acquired byedlirinjection of Coratina cultivar
monovarietal extra virgin olive oil methanolic fhég extracts in precursor ion of m/z 121
(figure 1A) scan mode. ESI(+)/MS2 Mass spectréghefmost abboundant ions at m/z 642,
748, 774, and 792 (figure 1B-E) confirm the presemd ligstroside like molecules.
Particularly, from the pattern of fragmentatiorsééem that dimeric linkage of differently
substitute glycosidic moieties are present. Theséinpinary results will be elucidated by
isolation, purification and complete characterzatiof these new molecules by high
resolution mass spectrometry and nuclear magresa@niance.
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Introduction

Phenolic compounds have a high importance in @iVbecause of their effects on shelf life
and sensorial properties. Phenolic compounds dwgalantioxidants and important factors
to consider in evaluating the quality of an extiegim olive oil since they are partly
responsible for its auto-oxidation stability andyamoleptic characteristics (Robards et al.,
1999; Visioli et al, 1998; De Nino et al, 2005)he coupling of HPLC-MS with
atmospheric pressure ionization techniques, suelieasrospray ionization (ESI) (Sanchez-
Rabaleda et al., 2003), atmospheric pressure chémization (APCI) (Visioli et al.,
1998; Perri et al., 1999; Caruso et al., 2000; Oreot al., 2008) is a powerful tool for the
identification of natural products in crude plantracts because of their soft ionization.
Therefore, this technique is useful to identify ffeenolic compounds in olive oil. Also, the
amounts of these chemical antioxidants are infladnby the cultivar, soil, climate,
irrigation, degree of ripeness and processing nitiiiglorell6 et al., 2004). The super-high-
density system (1500-2500 trees per/ha) was deselafithin the past decade to use over
the row mechanical harvesters to reduce the cdstarm harvesting and to bring orchards
into production within only a few years after plagt The modern cultivation techniques
used in the super-high-density (SHD) system aragoeapidly disseminated in countries
where olive-growing is a traditional crop, such $pgain, and in a series of new and
interesting productive areas. This work aimed, déftee, to study the phenolic profile of
Arbosana variety olive oils grown under a supersige plantation located in Spain in
Zaragoza province.
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Material and methods
Fruit sampling

The trial was carried out in 2009 in a super-intensorchard Qlea europealL. Cv.
Arbosana) located in Aula Dei Experimental Stat@®8IC at Zaragoza (Spain). Samples
from Arbosana trees were handpicked from 60 tr@@sf@r each line) in perfect sanitary
conditions.

Oil extraction process

Oil extraction was performed using an Abencor labay oil mill (MC2 Ingenierias y
sistemas, Sevilla, Spain) according to the methescgbed by Martinez et al., (1975).
Olives from Arbequina variety were cleaned fromveesss crushed with a hammer crusher,
and the paste mixed at a temperature of about 26f 80 min, and then centrifugated in a
decanter (3500 rpm over 3 min ).

Extraction of phenolic compounds

Phenolic compounds were extracted from virgin obyleaccording to the method described
by Gutfinger (1981). Oil (10 g), were dissolved hexane (50 ml) and the solution was
extracted successively with three 20-ml portion$@¥% aqueous methanol. The combined
extracts were brought to dryness in a rotary ewaporat 40° C and the residue was
dissolved in 5 ml of methanol, filtered though &@3um filter and submitted to mass
spectrometry analysis.

Mass spectrometry analysis

Sample analysis were performed using a triple guyaale mass spectrometer (APl 4000 Q-
trap LC/MS/MS system, Applied Biosystems/MDS Scigérronto, Canada; software,

Analyst version 1.2) interfaced with an HPLC systéhgilent Technologies 1200 series)

equipped with a G1379B degasser, a G1312A pump,aaf@il329A autosampler. The

methanolic extracts of olive oil were acquired ul scan by means of a turbo ion spray
source in negative mode. The range considered bemgeen m/z 100 and 800 Da. The
separation was performed using a gradient of methamd water containing 0.1% formic

acid.

8€
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Results and discussion

Figure 1 shows the LC-MS ion chromatogram obtaifredh the methanolic extract of
Arbosana olive oil. The chromatogram shows the natsindant peak at elution time of
17.28 min, that is relative to the decarboxymetiigliropein aglycone (m/z 319).

L S = o e e e e Crea e

Moo

BT et TN e A

Figure 1. Total ion cromatogram obtained from @iOof a methanolic extract of olive oil. Total ionrcent in
the range 100-800 units plotted vs. elution time.

Other peaks are eluted at 9.15 min and betwe&®9 2ihd 28.93 min corresponding to the
decarboxymethyl ligstroside aglycone (m/z 303) anthe oleuropein aglycone species (m/z
377) respectively (Figure 2).
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Figure 2. Extracted ion chromatograms of the species at3®& (decarboxymethyl ligstroside aglycone), 319
(decarboxymethyl oleuropein aglycone) and 377 (oleein aglycone).
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A peak at elution time of 11.81 min is also preserd it is relative to the hydroxytyrosol of
m/z 153 (Figure 3).

1181

Rel. Int. (%)

237 z0.62
23, 2.10 : 3128 2548 an.57

z 4 & E 10 12 14 18 18 20 22 24 26 28 =0 =2 4 6 a8 40 az a4 ag as

Figure 3. Extracted ion chromatograms of the species atl’h& (hydroxytyrosol) eluted at retention time of
11.81min.

Figure 4 shows the mass spectra relative to all sjpecies previously described. The
preliminary results obtained in this work have aonéd the presence of the species that
best characterize the antioxidant properties o&xmna virgin olive oil. This oil, obtained
from Olea europea cv Arbosana under a superinterqdantation, showed a profile that is
very rich in different derivates of oleuropein aridstroside like decarboxymethyl
ligstroside aglycone, known as oleocanthal, thas \demonstrated to have strong anti-
inflammatory properties (Beauchamp et al., 2005jti5et al., 2005; Cicerale et al., 2009;
Attya et al., 2010; lacono et al., 2010) and a higluence in the pungency of olive oll
(Lavelli and Bondesan 2005; Franconi et al, 200@pellizzeri and Lin 2006;
Konstantinidou et al.,, 2010; Peyrot et al., 201preover, the presence of oleuropein
aglycones, involved in the sensorial charactegsticthe olive oil, could provide to obtain
olive oils with a powerful taste and a plentifuhserial profile.
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Figure 4. Spectrum relative to the ion chromatogram obtafneich 20 [l of a methanolic extract of olive oil
from Olea europea cv Arbosana at m/z 303, 319 a8id7153.
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Abstract

The determination of spinosyns A, D and K in acigtiten extracts of olive drupes was
carried out by on-line liquid chromatography/elespiray ionization tandem mass
spectrometry. For the quantitative analysis of dam@an external calibration curve was
build in a concentration range of 25-400 ng/mL. Uftss from spike and recovery
experiments at levels of 50 and 300 ng/ml gave nreanveries ranging from 76—115%
with satisfactory precision. The excellent seldttiand sensitivity allow quantification and
identification of low levels of spinosad on oliv@enits of quantitation (LOQs) 0.071-0.287

ng/g).
Key Words: Spinosad; Spinosyn A, D, K; Pesticide residues;Vigmectrometry.

Introduction

Modern conventional agricultural production depehdavily on the use of pesticides and
their residues can persist to the harvest stageinmaossible the contamination of the final
product. In opposite, organic farming systems dao akow pesticides from chemical
synthesis, though contamination may occur. Enviremtal safeguard, human health and
rural development are the main goals of Europeamr@onity Agricultural Policy.
Moreover, foodstuffs quality and security understaams absence of chemical residues,
represent for Italian Agricultural Policy and pebtipinion indisputable benefits to géh.
Both European Union and the Codex Alimentarius Cassion of the Food and Agriculture
Organization of the United Nations have establishekimum pesticide residues limits
(MRLs). Organic farming, regulated by the EEC Ragah No. 2092/91 and its updates
recently reformulated, is an agricultural managensgistem based on a variety of farming
practices aimed at promoting sustainable agricalttdevelopmen®! The key-point is to
minimise pesticides inputs in agroecosystems irsangaselectivity on target pests favouring
pest control strategies aimed at environmentatihsafeguard®!
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Organic farming regulation allows exclusively thgeuwof plant defence products listed in
annex Il B previously authorized by the Member &tatccording to the Council Directive
(Dir 91/414/EEC). Among them Spinosad has beenieppb over 200 different crop in
order to control many pé¥t*® and, in particular, many Tephritid fruit flie$:" It has been
recently utilised also in olive groves in ordergerform Bactrocera oleagRossi, 1790)
control ® ° Spinosyns are the active ingredients in an inseatrol agent produced by
fermentation ofS. spinosa The most active components of the spinosyn faroily
compounds are spinosyns A and D; other factordhim family have different levels of
methylation and are significantly less actif¥®! Analytical methods were needed to
determine the magnitude of residues in the frud anocessed commodities treated with
spinosad. Residue methods have been previouslytegptor spinosad in cottonseed and
cottonseed processed commodities,in soil, sediment, and watét? in leafy vegetables,
peppers, and tomatoés’! and in meat, milk, cream, and ed§$.Thus, the following work
is presented for the identification and quantifmatof spinosyns A, D and K in olive drupes
by using an on-line liquid chromatography/electragp ionization tandem mass
spectrometry (LC/ESI-MS/MS) method.

Materials and methods

Applications of Spintor Fly (GF-120) (1L/5L of wajewere weekly carried out from the
end of August to the end of October 2007. The goiuvas applied on the southern side of
the tree canopy, on a spot area of 40 cm2. On teaet25 mL of the solution were sprayed
in order to apply 0.24 g/ha of Spinosad.

In order to evaluate the field persistence of Sgauh olive drupe samples (1 Kg) were
randomly collected immediately after the field apgiion of the product on treated trees and
after 2 days and 1 week. A control sample was ciate on untreated trees. Drupes of
treated samples were picked up only from the sprapot area. After sample collection,
olive drupes were stored at -20 °C until require@danalysis.

Olive samples (30 g), were guantitatively trangfdrmto a flask and acetonitrile (50 mL)
added. The solutions were blended for 30 minutesibgins of a magnetic stirrer. Fortified
recovery samples were prepared by adding apprepdédferent volumes of standard
solution to result in samples fortified with alkée analytes at concentrations of 50 and 300
ng/mL. A reagent blank (containing no sample oryea) and an untreated control sample
(containing no analytes) were also prepared.
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Chemicals and apparatus

Certified reference spinosad (purity 90.4%) wasamiatd from Dow AgroSciences LLC
(Indianapolis); acetonitrile and formic acid werel®/MS grade and were supplied from
Sigma-Aldrich (Riedel-de Haén, Laborchemikalien,el@e); aqueous solution were
prepared using ultrapure water, with a resistioityl8.2 MX cm, obtained from a Milli-Q
plus system (Millipore, Bedford, MA, USA).

The experimental work was carried out using a MSi2)SApplied Biosystem APl 4000 Q-
Trap mass spectrometer interfaced with an Agileethhologies 1200 series liquid
chromatography system equipped with G1379B dega&sEB12A pump, and G1329A
autosampler.

The positive ion spectra were obtained in “MultiReaction Monitoring” mode monitoring
the following transitions: for spinosyn M/z732.8— m/z142.3; for spinosyn Dn/z 746.8
— M/z142.4 and for spinosyn Kn/z 718.8- m/z 142.3

The analytes were separated on a Polaris C18-A HEl@nn [3um particle size, 50 mm
length and 2 mm i.d. (Varian Inc., USA)] at a floate of 30QuL/min. The elution program
started with 90% of solvent A (0,1% aqueous foraail) and 10% solvent B (acetonitrile);
the percentage of solvent B was linearly increasel®0% in 4.0 minutes, hold for 1 minute
and ramped to original composition in 2 minutese Tttal elution time was 10 minutes per
injection.

Results and discussion

The ion spectra for spinosyn A, D and K gave theqrated molecule [M-H]+ as the most
prominent ion. For the quantitative analysis of pl® an external calibration curve was
build in a concentration range of 25-400 ng/mL.n8&d solutions were prepared by
diluting the solution of certified reference spiads The correlation coefficient) for the
least-squares equations describing the detectpomsg as a function of concentration was
0.997 for spinosyn A, 0.998 for spinosyn D and 0.88 spinosyn K.

For recovery experiments two appropriate differealumes of standard solution where
added to a sample of olive and extracted as prelialescribed in the sample preparation
section in order to obtain fortification standaedoncentrations of 50 and 300 ng/mL. The
extraction was performed three times per eachfif@tion level. Sample data were
processed by the external standard technique.

The limit of determination (LOD) and the limit olugntitation (LOQ) were defined as the
amount equivalent to three and ten times the metimisk, which included the instrument
noise and background signal contributed by the immalank respectively. The calculated
LODs were 0.001ug/g for spinosyns A and D and 0.00g/g for spinosyn K.
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These calculated values support a method LOD dd30.@/g. Likewise, the calculated
LOQs were 0.005ug/g for spinosyns A, 0.008g/g for spinosyn D and 0.008y/g for
spinosyn K. These calculated values support a ddt@d) of 0.01ug/g. Results from spike
and recovery experiments at levels of 50 and 3@ hgvere in the range 91-108% (Table
1).

LOD (ng/gy  LOQ(pgle) Fotified (ngfml) Range (Mean=RSD)*  Recovery % Fortified(ng/ml) Range (Mean=RSD)*  Recovery %

Bpinosyn & 0,001 0,005 50 4458 5113 102 300 255312 310 94
Spinosyn D 0,001 0,003 50 38-49 4412 91 300 285-305 W71l 101
Spinosyn K 0,002 0,008 30 4452 3010 108 300 274322 01 £0 108

aEach value is the mean of three determinations, R&#ative standard deviation.

Table 1 LOD and LOQ values, recoveries and precision (R&3pinosyns A, D and K.

Results obtained analysing the olive drupe samaileslisted in Table 2. There were no

residues found in the control sample, where ndrtreat was performed. The olive drupes
collected straight after performing the insectititteatment showed a concentration of
spinosyns between 64 and 80 ng/g. Samples collgbtedifth and the seventh day after

performing the insecticidal treatment showed a eatration of spinosyns between 18 and
29 ng/g.

However, we must point out that only treated drweee collected for analysis and presence
of the residues were expected.

Spinosyn & Olive sample Control Control after the treatment after the treatment after 5 days after 5 days after 7 days after 7 days
standard addition (ng/ml) = 120 = 100 = 100 = 100
concentrazione (ng/g) found - 126 78 1635 29 120 20 121

Spinosyn D Olive satnple Ceontrol Control after the treattnent after the treatment after 5 days after 5 days after 7 daye after 7 days
standard addition (ng/mL) - 120 - 100 - 100 - 100
concentrazione (ngfg) found - 108 &0 150 25 130 19 123

Spinosyn K Olive sample Control Control after the treatment after the treatment after 5 days after 5 days after 7 days after 7 days
standard addition (ng/ml) = 120 = 100 = 100 = 100
concentrazione (ngfg) found - 113 £ 154 25 115 13 120

Table 2. Spinosad residue concentrations in olive drupeleuinvestigation.
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Conclusions

In this paper we proposed a simple and rapid methothe simultaneous determination of
spinosyns A, D and K in acetonitrile extracts ofivel drupes by on-line liquid
chromatography/electrospray ionization tandem repestrometry.

Although residue methodology exists for spinosafbod, feed, and environmental matrices
using immunoassdy> 1% HPLC-UV, 114 17 Blgndjor LC-MS,1%24 the method here
presented has been developed and validated foddteemination and/or confirmation of
spinosad and its major metabolites on olives.

The method had showed an excellent selectivity aedsitivity, achieving limits of
guantitation very low allowing quantification ardentification of low levels of pesticide in
olive oils (LOQs 0.005-0.098g/g). No clean-up of extracts was performed anduhetime
was only 10 minutes.
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