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Abstract

The paper shows the isotopic ratid¥3c(**C, D/H, **0/*°0) in oil and extracted glycerol and the
mineral composition of authentic PDO and PGl Italextra-virgin olive oils, officially collected
from 2000 to 2005 (N = 539) to establish a natiatethbank™*C/*2C and*®0/*°0 increased from
Trentino to Sicily, each year distinguishing Northdtaly from Sicily and Calabria. Significant
differences were found among the years and in scases also between PDOs from the same
region. *C/*%C and **0/*®0 in bulk oil were significantly correlated with th®sn glycerol. D/H,
measured in 2005 for the first time in oil, shovdmising geographical discrimination capability.
The content of 26 elements - Li, Rb, Cs, La, Ce ¥hdrarely reported in the literature -was
measured in well settled 2005 oils after ultrasoacid extraction.

1. Introduction

Olive oil is one of the most important commodit@®duced in Italy, which is the second
largest producer in the world (630,000 tons in 22007) and the largest consumer (International
Olive Oil Council, http://www.internationaloliveodrg). European law (EEC Reg. No. 2568/91)
provides producers with the opportunity of indingtithe geographical origin of extra-virgin olive
oil using the Protected Denomination of Origin (PD&@ the Protected Geographic Indication
(PGI), but it does not indicate specific analyticakthods to check the authenticity of these
indications.

In the last few years attention has been focuseautimentication of the geographical origin
of olive oil using in particular the profiles of ktile compounds (Vichi, Pizzale, Conte, Buxaderas
& Lopez-Tamames, 2007), sterols (Alves, Cunha, AhdPereira & Oliveira, 2005) or free fatty
acids (D’'Imperio, Dugo, Alfa, Mannina & Segre, 2007Nuclear Magnetic Resonance
fingerprinting (Rezzi, Axelson, Heberger, RenieMariani & Guillou, 2005) and also stable
isotope ratios and mineral content. Moreover, bgeanf its financial importance and role in the
Mediterranean diet, olive oil has been investigdtedther purposes, such as the identification of
defects (e.g. rancid taste, presence of vegetablierwor muddy sediment), pollutants (e.g.
pesticides or metals) or fraud (e.g. mixing witlzédaut oil) using various analytical approaches,
e.g. several chromatographic techniques (AparicioAgaricio-Ruiz, 2000), headspace Gas
Chromatography -mass spectrometry (Lopez-Feriadébas, Garcia-Mesa, Fernandez-Hernandez
& Valcarcel, 2007), Fourier transform infrared sgpescopy (Tay, Sing, Krishnan & Gore, 2002),
X-ray scattering (Bortoleto, Pataca & Bueno, 20Q@tentiometric stripping analysis (Lo Coco,
Ceccon, Ciraolo & Novelli, 2003) or inductively qdaed plasma optical emission spectrometry
(ICP-OES) (De Souza, Mathias, Da Silveira & Aucel605).

With regard to stable isotope ratio analysis, i@&"°C measured using Elemental Analyser
— Isotopic Ratio Mass Spectrometry (EA-IRMS) or Galkromatography/Combustion/Isotopic
Ratio Mass Spectrometry (GC/C/IRMS) in bulk olivié @ in some sub-components (individual
fatty acids or aliphatic alcohol and sterols) haserb shown to be useful for detecting the
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adulteration of olive oil with cheaper pomace olw# or with other vegetable oils (Angerosa,
Camera, Cumitini, Gleixner & Reniero, 1997; Sparmgrg, Macko & Hunziker, 1998). Moreover
13c/?C, especially in combination with th€0/°0 of bulk oil, proved to be a good tool for
characterising geographical origin. Royer and cokers (Royer, Gerard, Naulet, Lees & Martin,
1999) studied thé°C/*“C of the palmitic, oleic and linoleic fatty acid$ olive oils, observing
differences between French and Italian olive aslx@ampared to Greek ones and achieved regional
classification of the Greek olive oils. Some aush@@réas, Guillou, Reniero, Sada & Angerosa,
1998; Angerosa, Bréas, Contento, Guillou, RenierSatla, 1999) found that both thHe€/**C and
30/*°0 of olive oils from Italy, Greece, Spain, TunisMorocco and Turkey change according to
the latitude, suggesting as co-factors of varigbilhe distance from the sea and environmental
conditions during the growing of plants (water ssreatmospheric moisture and temperature).
Finally, Aramendia et al. (2007) observed that'fl@"°0 values of bulk olive oils were influenced
by the variety of the olives and by their geographorigin, but not by the altitude, ripening degre
and harvesting date of olives. To our knowledgepapers are available in the literature regarding
the isotopic ratio of deuterium/hydrogen (D/H) iive oil.

With regard to the mineral content of olive oiltarest initially focused on the presence of
toxic lead or cadmium elements and of copper amftehias catalysts for oxidative reactions
affecting the flavour and stability of oils (de Sauet al., 2005). In the last few years, studie®ha
also been carried out to verify whether the minprafile could be a useful marker of geographical
origin, cultivar, harvesting period and adulteratiwith cheaper vegetable oils (Dugo, La Pera,
Giuffrida, Salvo & Lo Turco, 2004; Benincasa, Lewierri, Sindona & Tagarelli, 2007; Cindric,
Zeiner & Steffan, 2007). The high organic load amgtosity and very small mineral content of
olive oils were a handicap to the development sinaple and effective preparation method and
subsequent analysis. Several approaches wereswgdgdas emulsion in water with the aid of some
surfactant or solvent (Anthemidis, Arvanitidis &r&is, 2005; de Souza et al., 2005; Jimenez,
Velarte & Castillo, 2003; Castillo, Jimenez & Ebdd®99), liquid-liquid extraction (Dugo et al.,
2004), wet ashing (Lo Coco et al., 2003) and totarowave digestion (Zeiner, Steffan & Cindric,
2005, Benincasa et al., 2007; Cindric et al., 2007)the analytical techniques, the following were
more frequently applied: electrothermal and graphirnace atomic absorption spectrophotometry
(Dugo et al., 2004; Cindric et al., 2007), derivatpotentiometric stripping (Dugo et al., 2004; Lo
Coco et al.,, 2003) and, increasingly in the last fgears, inductively coupled plasma-optical
emission spectrometry (Anthemidis et al., 2005n2eket al., 2005; Cindric et al., 2007) and —mass
spectrometry (ICP-MS) (Castillo et al., 1999; Jireeet al., 2003; Benincasa et al., 2007).

The present work focuses on tH€/*°C in bulk oil and extracted glycerol ad@D/*°0 in
glycerol of 539 authentic PDO and PGI extra-virgilive oils produced from 2000 to 2005
throughout Italy, sampled by the Ministry of Agrittural, Food and Forestry Policy and analysed to
establish an yearly databank of isotopic referaradees. This was done to evaluate the geographic
authenticity of commercial samples, as has beere ddince 1987 for wine (EEC Reg. No.
2676/2000). Moreover, the mineral composition, fi@"°0 and, for the first time, the D/H in bulk
oil of around one hundred 2005 extra-virgin olivis are shown and discussed for their variability.

2. Materials and methods

2.1. Sampling

Authentic and well settled extra-virgin olive o{ld = 539) were officially collected by the Ministry
of Agricultural, Food and Forestry Policy from 2002005 in the production regions of the only
one PGl and the 34 out of 37 PDOs recognised girgsent in Italy, according to the EC Reg. No.

510/2006. Traditionally, each PDO defines multitgtal oils €.g. PDO Chianti can include up to
76 varieties). The sampling tried to cover all tregvest time, the variability of the multi-varietal
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blends and the production are&C/*°C in bulk olive oil and the extracted glycerol, w&sll as
80/*°0 in the glycerol, were measured in 2000 (N = P01 (102), 2002 (66), 2003 (95), 2004
(58) and 2005 (136) samples. In 2005, measurenfehed®0/°0 and D/H of bulk olive oil also
took place. Finally, the mineral content of a setecof 99 samples of 2005 was measured.

2.2. Chemicals

| sotopes

All the solutions were prepared with Milli-Q wat@8 MQcm resistivity; Millipore, Bedford, MA).
Sodium hydroxide 2N (RP grade; Carlo Erba ReageMiisn, Italy), hydrochloric acid at 37%
(RP; Carlo Erba Reagents), diethyl ether (NormapONR International, Leuven, Belgium),
ethanol at 96% (Sigma Aldrich GmbH, Steinheim, Gamg), tin and silver capsules (Santis
analytical AG, Teufen, Switzerland),® at 97% (Sigma Aldrich GmbH) and nitrogen gas at
99.999 % (Linde Gas, Milan, Italy) were used.

The isotopic values (expressedd%., as described below) were calculated against wgrkn-
house standards (commercial olive oil and glyceroglibrated against international reference
materials: fuel oil NBS-22 (IAEA-International AtomEnergy Agency, Vienna, Austria) and sugar
IAEA-CH-6 (IAEA) for **C/**C measurement; IAEA-CH-6 (IAEA) fot?0/*°0 and NBS-22 for
D/H. Whereas in the past the data regardfi@*®0 in glycerol were usually calibrated against
glycerol used in the European project SMT4-CT98&@3amin, Wietzerbin, Cortes, Haberhauer,
Lees & Versini, 2004), in this work they were cadited against the IAEA-CH6 valu@{o =
+36.4%0 vs V-SMOW) assigned since 2005 (Boschettiakumin, 2005) and accepted in the
European TRACE project (proposal contract N°FP632BQOD-2-A 006942).

The isotopic values of the aforementioned inteorati reference materials and therefore also of the
samples were expresseddto, versus V-PDB (Vienna - Pee Dee Belemnitella)3biC and V-
SMOW (Vienna — Standard Mean Ocean Water) 0 and 3D, according to the following
formula: [(Rs-Rstd)/Rstd] x 1000, where Rs is th&ope ratio measured for the sample and Rstd is
the isotope ratio of the international standard.

Elements

Nitric acid at 69.5% (Superpure; Merck, Darmast&kymany), hydrochloric acid at 37% (ACS;
Riedel-deHaén, Seelze, Germany), ICP Multielemeéandrd Solution VI (Merck), Multielement
Calibration Standard 1 (Agilent Technologies, Sa@tara, CA, USA), and Cesium 1000ug/mi
(Ultra Scientific, Bologna, Italy) were used. Stardi solutions were diluted and stabilized with the
addition of a 1% HN@and 0.2% HCI solution. SRM 2387 ‘Peanut butteraiidnal Institute of
Standard and Technologies, Gaithersburg, MD, USA3$ wsed as standard reference material to
check the accuracy of the method. An on-line sotutf Sc 3 mg/L, Rh 3 mg/L and Tb 3 mg/L was
used as the internal standard. All the glasswarernmaed with nitric acid (5% v/v) and twice with
milli-Q water before use.

2.3. Apparatus

| sotopes

The analysis was performed using an Isotopic Rdass Spectrometer (IRMS) (Finnigan DELTA
XP, Thermo Scientific, Bremen, Germany) couplechvein Elemental Analyser (Flash B 112,
Thermo Scientific,) for™*C/**C measurement and with a Pyrolyser (Finnifa@C/EA, High
Temperature Conversion Elemental Analyzer, Thermdersific,) for D/H and *°0/*°0
measurement. To separate the gases, the Elemambisar was supplied with a Porapack QS (3
m; 6 x 4mm, OD/ID) GC column and the Pyrolyser hw& Molecular Sieve 5A (0.6 m) GC
column. The devices were equipped with an autosanfplnnigan AS 200, Thermo Scientific) and
interfaced with the IRMS through a dilutor (Conflg Thermo Scientific ) dosing the sample and
reference gases.
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Elements

The analysis was performed using an Agilent 750@@-MS (Agilent Technologies, Tokyo,
Japan) equipped with an autosampler ASX-520 (CBtatinologies Inc., Omaha, NE, USA). After
extraction, the samples were introduced into atSpray chamber using a MicroMist nebulizer and
then into a Fassel type torch. An Octopole Reacdigstem (ORS) using He and &k collision and
reaction gases respectively, was used to remowafoohic interferences.

2.4. Sample preparation and analysis

| sotopes

Glycerol was obtained through hydrolysis of 20 rhlod in NaOH, acidification of the solution,
extraction of fatty acids and purification by undexcuum distillation, according to the method
described for fat from cheese in Camin et al., 2004

Aliquots of 0.3 mg of sample were weighed in tipsales for determination ¢fC/*°C and silver
capsules for quantification 610/°0 and®H/*H.

For 2*C/*°C, the precision of measurement, expressed asasthmfgviation when measuring the
same sample 10 times, was 0.1%o.

For **0/*®0 and D/H analysis, the samples were stored ins&ccior above s for at least 24
hours, then weighed into silver capsules and piat ihe auto-sampler equipped with a suitable
cover. During measurement, dryness was guarantgdtughing nitrogen continuously over the
samples. The pyrolyser temperature was 1450°C.D/he and *%0/*°0O ratios of bulk olive oils
were measured simultaneously in one run. The IRM@sured first D/H and then, following the
magnet jump;®0/*°0, taking about 10 minutes for each sample. Befoeasuring D/H, the H3
factor, which allows correction of the contributioh[H3]+ to the m/z 3 signal (Sessions, Burgoyne
& Hayes, 2001), was shown to be lower than 9. Thexipion of measurement, expressed as
standard deviation when measuring the same sarfpiengs, was 0.3%. fof?0/*°0 and 2%. for
D/H.

Elements

15g of sample were weighed into a 50 ml conical efapolypropylene (PP) and 15 mL of 1%
HNO3/0.2% HCI water solution was added. The mixture wesoughly shaken for 30 s using a
vortex mixer and immediately placed in an ultrasdoath (170 W x 5 min) to extract the trace
elements from the oil to the acid solution. The tonig was centrifuged (4000 rpm x 5 min) to
separate the two phases. The upper oil phase wasasely removed by aspiration and the lower
agueous phase transferred into a clean PP vias@ndcted to ICP-MS analysis of Li, B, Na, Mg,
K, Ca, Mn, Co, Cu, Ga, Se, Rb, Sr, Mo, Cd, Cs, Ba, Ce, Nd, Sm, Eu, Yb, Tl, Pb, and U.
Isotopes and ORS gases are shown in Table 1. Egtraend analysis was carried out in duplicate.
The accuracy of the extraction method was evaluatednatural oil sample spiked with a defined
aliquot of the reference material (0.6 g of ‘semwli peanut butter mixed into 15 g of oil until
thoroughly combined). The oil and fortified mixtuneere both extracted and analysed ten times.
Recoveries were calculated on the difference ofntlean content of the spiked and the un-spiked
samples. The detection limit (DL) of each elemeaswalculated as 3 times the standard deviation
of the signal of the blank sample, extracted aralysed ten times, whereas the blank sample was
prepared using Milli-Q water to substitute the saimple in the extraction step. Precision (RSD%)
was evaluated by preparing and analyzing an oilpgaren times. DL and RSD% are shown in
Table 1.

2.5 Satigtical analysis

The data were statistically evaluated accordinght® procedures of the software Statistica 7.1
(StatSoft Italia srl, Padua, Italy). Non parametiésts (Kruskall-Wallis and multiple bilateral
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comparison) were applied because of the low andualenumbers of samples per group and the
not always normal distribution (Soliani, 2003).

3. Results and discussion

Stableisotoperatios

In Table 2 the median, minimum and maximum valuebutk and glycerod**C and of glycerol
5'%0 were summarised for 2000-2004 production anddifferent Italian regions listed according
to the latitude5*®0 was measured in the glycerol instead of in tH& bill because the former was
assumed to be more closely related to the isotyacacteristics of ground water (Schmidt, Werner
& Rossmann, 2001).

The 8"3C values measured in glycerol were always lowen tinabulk olive oil, with a mean
difference + std. dev. of 1.87 + 0.67, confirminggydous results (Zhang, Buddrus, Trierweiler &
Martin, 1998). Moreover513Cg|ycero| and 3"Cyui of the 403 samples were significantly correlated
(5"Cgycerol = 1.1114 X3 Cpyi +1.4057;p<0.001). If we consider 2000, 2001, 2002 and 2004
individually, the intercepts ranged from -0.3075+H&3585 and the slopes from 1.0435 to 1.2841.
The correlation for 2003, also significant, showsdticular and extreme values, both as regards
intercept (-7.0134) and slope (0.8162).

Significant differencesp&0.001) were found among the years of harvest €raplin particular
2003, well-known as one of the hottest years inlést few decades in Italy, was consistently
different (p<0.001) as compared to at least one isotopic paearfrem all the other years, showing
enrichment in the heavier isotopomeres.

All the isotopic parameters showed a trend forvaieies to increase from Trentino to Sicily in
all years (Table 2), with this being less evidemt2003. This trend, already observed in wine
(Rossmann, Schmidt, Reniero, Versini, Moussa & Mefdl996; Rossmann, Reniero, Moussa,
Schmidt, Versini & Merle, 1999), is probably posdly related to vicinity to the sea and dryness of
the climate and negatively to latitude, as suggebtesome authors (Bréas, Guillou, Reniero, Sada
& Angerosa, 1998; Angerosa, Bréas, Contento, QuilReniero & Sada, 1999). Indeed, &&C
values of plant compounds are influenced by thelability of water, relative humidity and
temperature, which control stomatal aperture aral ititernal CQ concentration in the leaf
(O’Leary, 1995). Th&>*®0 of carbohydrates and their immediate descendsuth as glycerol, is
correlated to th&'®0 of leaf water (Schmidt et al., 2001), which refiethe isotopic composition
of groundwater and average precipitation in théoreg mainly related to latitude, distance from the
sea and altitude (Clark & Fritz, 1997) - and théeak of evapotranspiration, mainly influenced by
humidity and temperature (Rossmann et al., 1999).

For statistical evaluation, we grouped the regioits four clusters on the basis of their latitude
and the similarity of their isotopic ratios: Norflirentino, Veneto, Lombardia, Emilia Romagna),
Centre (Liguria, Tuscany, Umbria, Abruzzo, Lazi®outh-1 (Campania, Apulia) and South-2
(Calabria, Sicily). Applying the non parametrictte$ Kruskall-Wallis (Figure 1), olive oil from
Northern Italy showed isotopic values for at leaisé parameter significantly lowegp<0.01) than
for the South-2, Centre and South-1 in five, thaad two years respectively, out of the five years.
Central Italy was never separated from South-1 redeeit was different from South-2 in two out of
five years. The two southern macro areas couldiftenguished from one another in three out of
five years.

Comparing the few PDOs with at least 5 samplesiwigach region and each year, we observed
some significant differenceg<0.01). In Lazio, the two ‘Canino’ and ‘Sabina’ PBQvere
significantly different in 2000, 2002 and 2003 &fC and in 2001 fob™0. This could be ascribed
to the inland location of the production area adbha’, nearer Rieti than the ‘Canino’ area, closer
to the sea near Tuscany, as well as to the posdilelet of the prevailing olive cultivar (Aramendia
et al., 2007). In Abruzzo and Apulia the comparis@s only possible for one year (2000 and 2001,
respectively). Significant differences in th#°C values were observed between ‘Aprutino
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Pescarese’ and ‘Colline Teatine’ in Abruzzo andmeein ‘Dauno’ and ‘Collina di Brindisi’ in
Apulia.

For the 2005 samples, along with the aforementigradmeters, th&%0 anddD in bulk oil were
also measured (Table 3pD was investigated as a possible additional parméir the
characterisation of geographical origin, being uaeficed in plant products by the isotopic
composition of the primary hydrogen source (souseger through the leaf water) and by the
geographical and climatic factors mentioned abowe &°0, together with their biosynthetic
pathways (Schmidt, Werner & Eisenreich, 2003).

As compared to previous years (Figure 1), the nmedgdues of the isotopic parameters were lower,
as a consequence of the rainy and cold climateactersing 2005.

The 3'%0 values measured in bulk were significantly cated with those in glycerol
(p<0.001):5"°Opu = 0.837%"%Ogiycerol - 3.2213 (R = 0.8772), the first always being lower, with a
mean difference of £ std. dev. of 8.15%o. + 0.66.

The 5'®0 and3dD values in bulk olive oil were also correlated @gB01), as happens in water (Clark
et al., 1997); the correlation equationd$pu, = -208,1 + 2,5091 'O,y but the R value
(0.4582)is low.

The 5*0 values of bulk olive oil showed the same capgbis thed'®0 of glycerol in terms of
distinguishing the four regional groups. T3 values showed similar capability to that3iC and
5'%0 to differentiate the four groups,

Mineral composition

The recoveries of the extraction method evaluatéd tve NIST sample were generally satisfactory
for all the certified elements, being 82 % for Bd% for Mn, 90% for Ca, 92% for Mg, 95% for K,
and 101 for Na. The precision of the analytical mdtranged from 13 to 27% for the different
elements (Table 1). Such values can be deemedas#tiy, considering the very low content of
elements in olive olil.

Tables 1 and 4 show the concentration of the elesnguantifiable over the DL in at least 10
samples. The content of Mo, Cd and Tl were belaawréspective DLs (0.18, 0.02 and 0.Q@pkg
respectively) in all the samples. Ga was founduamgifiable amounts (DL = 0.004g/kg) only in
one Terra di Bari PDO oil (0.028/kg). B was found in measurable amounts (DL ggikg) only

in 5 samples, with a maximum of 12ug/kg for a Monte Etna PDO oil, in agreement witle th
results shown by Eschnauer for wines from grapes/grin volcanic areas (Eschnauer, 1982). Se
was only detectable (DL= 0.034/kg) in 7 samples, with a maximum of 0.02d/kg, far below
the content reported by Dugo et al., 2004, for ¥8li& oils analysed using cathodic stripping
potentiometry and by Benincasa et al., (2007) #®m8s from 4 Central-Southern Italian regions
digested by microwave and analysed using ICP-MSwidsd only quantifiable (DL= 0.023g/kg)

in 9 samples, with a maximum value of 0.9&8¢kg in a Terra di Bari PDO oil.

Tables 1 and 4 show the distribution of the minetament content in the total sampling and for
each PDO. As regards the content of Li, Rb, Csdeaand Yb shown in Table 1, we could not find
other data for extra-virgin olive oils in the liggure, while Mg, Ca, Mn, Sr, Sm, Eu and U were
found in the concentration ranges reported in iteeature. Na and K were measured in notably
lower and higher amounts respectively, as comptradive oils from Croatia analysed by Zeiner
et al., 2005, and Cindric et al., 2007. The Co @udcontent were also in the ranges reported in
literature, with the exclusion of the maximum vaumund for some of the aforementioned
Croatian oils. The Ba content agreed with thahtbhy Jimenez et al., 2003, and Anthemidis et al.,
2005, but was far below the maximum content (K@g) measured by Castillo et al., 1999, using
a semi-quantitative ICP-MS approach with direct Emon nebulisation of the oil sample. The Pb
content was low and always below the legal limtd (ng/kg, EEC Reg. No. 466/2001), probably
as a consequence of the increasingly widespreadfusequate equipment throughout the olive oll
processing chain.
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Comparison between the mineral content of the iddal PDOs was not an aim of this first work
carried out on lItalian extra-virgin olive oils igr@ement with the Italian Ministry of Agricultural,
Food and Forestry Policy. At all events - takingpimccount only the 3 PDOs with at least 10
samples each, namely Garda, Umbria and Terra di-Batrend toward higher Mg, Ca, Mn and Sr
content would seem to characterise the Garda e#igecially if compared to the Umbrian oails,
possibly related to the soil of the region, maintiginating from dolomitic limestone rock.

Conclusions

This paper shows the results of the largest ingastin ever carried out on multi-element stable
isotope ratio and mineral composition using IRMS #P-MS in authentic PDO and PGl Italian
extra-virgin olive oils. The study was done in ablbration with the Ministry of Agricultural, Food
and Forestry Policy to establish a national datkli@nolive oils.

The stable isotope ratios of carbon, oxygen anddggh in olive oil were shown to increase from
Trentino to Sicily, making it possible to distingbi Northern Italy from Sicily and Calabria each
year and confirming the trend observed for othenmmdities such as wine. Significant differences
were found among the years of harvest and in s@sescalso between PDOs from the same region.
The 3C and3™0 values in bulk oil were significantly correlatedth those in glycerol. Th&'*0

in glycerol showed the same capability to diffeiaet the geographic origin a°0O in bulk,
whereas in some years thEC of glycerol showed a better capability to diséniate as compared
to bulk. Because the discriminating capability ashble using™*C in glycerol is the same as that
of %0 in bulk, it would seem preferable to directly rme@ the isotopic ratios in bulk, making
savings in terms of time and costs. Bievalues, measured in 2005 for the first time inshowed
promising geographical discrimination capability.

The content of each mineral element in well setibdigle oil, measured after ultrasound acid
extraction, was basically low and similar to theg¢s in the literature. The capability to discrinteha
on the basis of minerals in PDOs could only be kbédor few oils produced in specific areas with
different geology and requires further researcbrder to be confirmed.
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Table 1: Instrumental conditions and mineral content disitidn of well settled extrairgin Italian
olive oils (ORS: collision cell Octopole Reactiopsm)

N. of

Ele- Iso- ORS . RSD  25° : 75° 90° range .
ment tope mode unit DL se;nE)pLIes %  perc. Median perc.  perc. Max (min-r?lax) Literature

Li 7 - ug/kg 0.005 56 18 0.007 0.013 0.023 0.208 - -

Na 23 He mgkg 0.04 42 27 0.100 0.211 1.105 28.8-38.0 d,n

Mg 26 He mgkg 0.014 62 20 0.019 0.055 0.109 0.495 0.056-3.8 d, f,g

<0.001-

K 39 He mgkg 0.06 68 20 0.163 0.645 1.702 9.94 0.19 dn

Ca 40 H, mgkg 0.03 12 16 0.380 0.950 <0.05-26.9 a, b, dn

Mn 55 - pugkg 0.01 60 21 0.211 0.630 143 10.0 <1-200 a b,cdfmn
Co 59 - pg/kg 0.004 20 13 0.012 0.033 0.023-5450 a b,cdfmn
Cu 63 He pugkg 0.13 88 21 0,237 0.360 0.689 145 26.3 <1-4510 a,c,d,f,g,h,I,mn
Rb 8 -~ pugkg 0.03 83 21 0041 0.110 0375 103 134 - -

Sr 88 -~ pugkg 0.04 15 17 0.483 3.85 1.52-489 b

Cs 133 - pugkg 0.003 67 20 0.004 0.005 0.012 0.819 - -

Ba 137 - pgikg 0.29 22 21 0.543 249 <0.15-700 a,cg

La 139 -  pugkg 0.0017 46 24 0.006 0.040 2.94 - -

Ce 140 -  pg/kg 0.0027 50 24 0.003 0.008 0.046 4.72 - -

Sm 147 - pugkg 0.0009 27 24 0.001 0.004 0.111 0.004-0.226 i

< 0.009-

Eu 151 He pugkg 00002 39 20 0.001 0.002 0.023 0021 b

Yb 171 -~  pjg/kg 0.0004 61 20 0.001 0.001 0.002 0.041 - -

Pb 208 - pugkg 0.02 80 21 0195 0372 0.725 150 846 <042-799 a,c,d,f,ghl,mn
U 238 -  ugkg 0.001 67 18 0.001 0.007 0.015 0.119 <0.25 c

a: Anthemidis et al., 2005; b: Benincasa et al0;72@: Castillo et al., 1999; d: Cindric et al.0ZQe: Dugo et al., 2004; f: Jimenez et al., 2003;

g: LaPera et al., 2002; h: Lo Coco et al., 2000piCoco et al., 2003; I: Martin-Polvillo et a.994; m: Solinas et al., 1987; n: Zeiner etal.,

2005.
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Table 2: Median, minimum and maximum values3®fC (bulk olive oil and glycerol) and &0 values of glycerol (%o, vs V-PDB and SMOW.
respectively) in the lItalian olive oil databank (®82004) and results of the non-parametric stasibtiest (KruskalWallis’ test) among crop

different letters correspond to significantly difat median values (p<0.001). N = number of samples
Region  Ntot Parameter 2000 2001 2002 2003 2004

N Median Min Max N Median Min Max N Median Min Max N Median Min Max N Median Min Max
Trentino 37 s°Cbuk 5 -307 -31.8-29.7 23 -30.7 -324-301 3 -297 -304-297 3 295 -295-29.4 3 -30.7 -30.8-30.4
5°C glycerol -336 -34.7 -32.7 -335 -34.6-32.7 -328 -333-318 -322  -32.4-31.9 -33.4 -335-33.2
5'°0 glycerol 29.2 278 29.2 29.1 28.0 305 29.3 285 302 930308 324 293 29.2 293
Veneto 20 3Chuk 3 -303 -309-30.3 3 -30.3 -30.7-303 3 -311 -31.2-307 5 -288 -29.0-27.5 6 -30.1 -31.4-29.0
&1C glycerol -324 -339 -32.3 -325 -32.6-32.1 -326 -33.3-320 -315 -31.8-29.2 -32.0 -335-31.0
5'°0 glycerol 313 29.1 317 29.8 29.5 3038 28.9 280 303 327 30.2 331 30.6 29.7 331
Lombardia 16 dChbuk 4 -303 -306-29.9 3 -30.4 -30.6-30.3 - - - - 5 -291 -29.3-286 4 -31.0 -31.4-294
&°C glycerol -325 -33.6 -32.1 -32.2 -32.3-319 - - - -30.7 -31.3-29.8 -32.8 -33.1-31.7
5'°0 glycerol 30.2 281 313 29.8 29.7 301 - - - 315 31.2.13 30.3 296 33.2
Emilia- 13 §°Chbuk 2 -29.2 - - 3 -29.6 -29.8294 2 -300 - - 6 -291 -29.3-28.7 - - - -
Romagna &°C glycerol -31.6 - - -31.6 -31.6-31.3 323 - - 312 -31.7-30.7 - - -
50 glycerol 297 - - 208 291 30.1 29.7 - - 311 309 324 - - -
Liguria 18 5°Cbulk 3 -303 -30.6-30.1 3 -29.7 -30.0-291 3 -303 -305-296 6 -288 -29.1-282 3 -30.0 -30.2-29.6
3C glycerol -333 -334 -331 -32.2 -32.7-317 -32.7 -333-326 -311  -31.7-30.9 -33.1 -33.1-32.6
5'°0 glycerol 313 311 313 318 31.6 332 29.8 295 299 323 315 326 314 304 320
Tuscany 23 §Chuk 5 -293 -300-283 6 -29.3 -30.3-29.0 9 -304 -308-299 3 -287 -295-27.9 - - - -
&*C glycerol -31.0 -32.3 -30.2 -31.3 -32.1-30.9 -325 -333-314 -314 -31.7-30.5 - - -
5'°0 glycerol 329 309 342 31.0 30.2 318 31.2 284 331 319 31.6 328 - - -
Umbria 30 §°Cbulk 4 293 -295-29.2 15 -29.4 -30.0-281 - - - - 11 -289 -29.5-283 - - - -
&°C glycerol -30.1  -31.4 -29.7 -30.9 -32.0-29.6 - - - -30.6 -31.7-29.8 - - -
&0 glycerol 318 305 337 32.1 30.0 334 - - - 326 31.8.43 - - -
Abruzzo 30 &“Chbulk 10 -287 -297 -28.1 - - - - 6 -294 -301-290 8 -283 -285-281 6 -29.1 -30.0-28.4
&1C glycerol -304 -31.3 -28.8 - - - -30.8 -31.5-299 -29.8  -30.1-29.7 -31.0 -31.8-30.3

30 glycerol 329 311 341 - - - 31.6 306 322 334 332 335 326 312 333

Lazio 50 &°Cbulk 10 -29.2 -303-281 12 -28.8 -290.5-280 12 -30.1 -31.1-296 12 -286 -29.3-27.8 4 -20.3 -29.9 -28.9
3C glycerol 307 -321-285 303 -31.2-289 311 -328-296 298 -31.3-28.4 310 -31.7-30.3

50 glycerol 333 318 335 328 30.6 335 316 299 333 330 324 334 325 322 329

Campania 35 3°Chulk 9 294 -297-27.5 9 282 -293-274 9 -300 -308-289 6 -285 -295-27.9 2 -28.8 -29.0-286
8C glycerol 315 -325-30.0 -30.4 -31.1-29.8 317 -335-297 305 -31.5-29.7 30.8 -31.1-305

30 glycerol 333 319 344 330 312 343 312 276 319 133312 339 320 317 323

Apulia 55  3°Chulkk 18 -29.2 -304 -282 22 -289 -30.0-266 5 -306 -30.8-30.0 - - - - 10 -29.6 -30.6 -285
34C glycerol 314 -32.3 -29.9 -30.8 -31.8-29.3 321 -34.4-320 - - - 318 -33.0-30.7

80 glycerol 317 303 357 319 3.1 342 310 298 317 - - - 319 305 326

Calabria 24 3°Chulk - - - - - - - - 8 298 -31.3-283 9 -294 -30.1-288 7 -29.2 -30.2-29.0
C giycerol i . ) i ) ) 310 -32.0-299 305 -31.1-30.2 31.0 -31.3-30.4

80 glycerol - - - - - - 329 307 341 335 313 348 348325 356

Sicily 52 &°Cbuk 9 -284 -287-280 3 -283 -285-27.0 6 -285 -294-277 21 -288 -30.0-27.7 13 -29.1 -29.8-28.0
3C glycerol 304 -314 293 293 -29.4-284 295 -31.8-288 302 -31.5-29.0 30.6  -31.8-29.1

30 glycerol 355 325 36.2 339 334 351 33.7 331 348 330 306 350 342 324 346

Tota 403 &°Chbulk 82 -29.3° -318 -27.5 102 -20.7° -32.4 -26.6 66 -30.0 -31.3 -27.7 95 -28.9 -30.1 -27.5 58 -29.4° -31.4 -28.0
&=C glycerol 312 -34.7 -285 317 -34.6 -284 -31.7 -34.4 -288 -30.6 -32.4 -28.4 -31.3 -335 -29.1

50 glycerol 300° 252 33.6 290 254 325 287 250 322 301 27.6 324 29°% 267 33.1

Table 3: Median values 06™C (bulk olive oil and glycerol)§'®0 (bulk and glycerol) andD (bulk oil) for North, Centre, South-1 and Soth-
Italian olive oils produced in 2005 and results tbé non-parametric statistical test (Kruskall-W&lltest); different letters correspond
significantly different median values (p<0.01).

5%°C bulk 3*3C glycerol 50 glycerol 50 bulk 5°H bulk
N (%o Vs V-PDB) (%o vs V-PDB) (%o Vs V-SMOW) (%o Vs V-SMOW) (%o Vs V-SMOW)
Median Min Max Median Min Max Median Min Max MedianMin Max Median Min  Max

North 45 -309° -31.9 -29.8 -339° -350 -320 28.0° 269 310 202*° 191 224  -159°  -165 -145
Centre 45 -301° 309 -29.0 -32.3° -335 -306 305" 289 323 223° 203 237 -153° <162 -142
Southl 19 -296 -30.9 -29.2 -320° -333 -31.0 301" 29.6 316 22.2° 218 231  -149°  -156  -140
South2 27 -292° -309 -27.9 -310° -325 -289  328° 306 357 245° 228 268  -148°  -155  -137
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Table 4: Mineral content of well settled 2005 extra-virdialian olive oils displayed for Region and fdd® or PGI.

South Italy Centre Italy North Italy
Region Calabria Apulia Sicily Lazio Tuscany Umbria Veneto R’Z':'g;‘g
Van
Alto Tera  Monte Moni Val  Vadi Valli Toscano
POOPGl  (riigese Bz Lameta  Got 'Ry (UG pomone Maraa o0f, Tmparesi  CAWO Sina L 'GE Umbria  Veneto  Garda
Isée'm unit N. Obs. 3 2 3 10 3 3 3 3 3 3 6 6 3 3 12 7 26
Li gkg median 0.003 0.010 0.007 0031 0.013 0.011 0.007 0.008 0.004 0.006 0.006 0.016 0.003
s max 0.010 0.006 0.013 0.0 0208 0.046 0.008 0.013 0.007 0.010 0.018 0.012 0.014 0.007 0.029 0.064 0.091
N mokg Medan 0.049 0280 0189 0.065 0.069 0.060 0.154
mokg " max 0.124 0100 017 111 0492 0161 0129 0.052 0326 0124 0133 0340 0609 0312
M malk median 0.042 0082 0.087 0.015 0.047 0.016 0.031 0.034 0.050 0.046
9 9/kg max 0.016 0.017 0.225 0495 0.139 0.007 0.081 0.017 0.016 0.110 0.056 0.047 0.053 0.104 0.264
K mgkg median 0038 0180 0415 0726 1171 0116 0418 007 0.033 0292 0109 0424 0516
max 032 008 022 379 994 170 017 09 010 0.2 056 113 012 043 064 206 313
. " median
a  mokg " may 0.3% 0447  0.603 0950
" g Median 0408  05% 0491 0351 0.134 0312 0.058 0921 032 0507
N HOKGmay 0.566 10.0 342 121 0522 361 0655 0173 117 0.623 149 287
median 0.003 0.006
Co Hokg “oa 0038 0024 0030 0.009 0005 0014 0030 0012 0031
oo "9 median 0160 0.4 0343 0404 2107 0446 0360 0434 031 0171 0251 0127 0416 0324 0258 0583 0493
U kg M 0237 033 0952 237 158 147 0689 0472 0885 0430 0663 0824 078 0355 0810 172 %3
Rb " median 0.040 0.108 0.3% 0199 0.628 0.040 0.178 0.060 0.036 0.237 0.173 0.214 0.058 0.336 0183
Hakg max 0.263 0.049 0.175 4.19 134 159 0.081 0.802 0.066 0.074 2.98 2.69 0.0%5 0.214 0.584 1.013 1110
sr Hokg median
gkg ™ 123 385 112 140
c " median 0.003 0.008 0.004 0.004 0004 0.012 0.004 0.004 0.006 0.004 0.006 0.004 0.008 0.003 0.004 0.004
S Hgkg max 0.005 0.012 0.005 0.012 0038 0.014 0.004 0.013 0.006 0.005 0.819 0.011 0.012 0.004 0.012 0.007 0012
B Hakg median
2 max 205 249 0550 113 0300 0435 134 0695
Hgkg
La Ik median 0.064 0.0 0.002 0.016 0.009 0.001 0.002
Hakg max 0.158 2.94 0008 0.023 0.004 0.225 0.012 0.035 0.040 0.011 0.005
ce KT megian 0.002  0.043 0.053 0.020 0.013 0.004 0003
gkg ™ 0004 0111 472 0018 0045 0.008 0161 0.024 0056 0056 0013 0009
s " median 0.005 0.08 0.001 0.001
m HOkG e 0.010 0.111 0.002 0.015 0.001 0.004 0.003 0002
e "9 median 00010 00017 00021  0.0004 0.0004
gkg ™ 00020 00020 00017 00226  0.0008 00004 00020 00020 00021  0.0032 00021 00028 00025 00023 00006
Yb gkg median 0.0012 0.0007 0.0019 0.0022 0.0007 0.0006 0.0011 0.0011 0.0007 0.0012 0.0012 0.0003 0.0007
s max 0.0017 0.0014 0.0032 0.0412 0.0015 0.0009 0.0017 0.0017 0.0015 0.0032 0.0022 0.0033 0.0030 0.0020 0.0011
oy P99 median 0180 0262 0595 0380 211 0439 0815 0292 030 0329 0234 079 0345 0516 0601 0260
ugkg MK 147 0299 150 260 386 0972 124 0733 040 0468 184 0464 260 0573 276 0904 846
u K median 0.0021 0.0021 0.0104 0.0008 0.0009 0.0030 0.0130 0.0050 0.0067 0.0012 0.0014 0.0023
Hakg max 0.0014 0.0176 0.0401 0.0802 0.0017 0.0016 0.0145 0.0067 0.1190 0.0939 0.0211 0.0044 0.0131 0.0390
, . - 13 . . 1% .
Figure 1: Median values of the §C (bulk clive o1l and glycerol) and the 70 (glycerol) for North,
Centre, South-1 and South-2 Itahan olive oils (2000-2004) and results of the non-parametric
. I, : B o
statistical test (Kmuskall- Wallis™ test) among North, Centre, South-1 and South-2 Italian olive oils;
different letters correspond to significantly different median values (p==0.01).
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