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Analysis of trace elements in virgin olive oil (VQQs important for nutritional information,

www.rsc.org/ geographical characterization, and adulteratioaien. In this study, NaK*, C&*, and Md" in VOO
were extracted to an aqueous solution with thehidtrasound energy, which was analyzed by capilla
electrophoresis with capacitively coupled contastleonductivity detection (CE?D). The metal ions
were separated in less than 3 min with good pes@lutons. The CE-{D method exhibited good
linearity, with coefficients of determination {Rranging from 0.9978 to 0.9995. The limits c.
quantification for N&, K*, C&*, and Mgd* were 0.029, 0.029, 0.033, and 0.044 mg,kgspectively.
The results of the recovery tests at three conatoir levels ranged from 80.5% to 119.6% with &
relative standard deviation of 0.6 to 18.1%. Theppsed CE-¢D method was successfully applied for
determination of the target analytes in five contigrsamples of VOO.

Introduction Nevertheless, determination of metals in VOO poaedifficult
. . ) . . _ challenge because this foodstuff has a complexnizgeatrix*
According to the definition of the Internationali@ Oil Council Thys, ysually samples need to be pretreated bbtsng introduced
(I_OOC)'l virgin olive oil (VOO) is obtained from the frudf the jnto analytical instruments in order to avoid sysaic errors due to
olive tree Qlea europaea) by physical processes under particulahatrix interferences. Certainly, the most populagty@atment for
thermal conditions. After the extraction, the VO&nmnly undergo thjs kind of analysis is the total decompositiorttug organic matrix

certain treatments, such as washing, decantatémtiftigation, and py acid digestion or dry ashing and the extractifrihe analytes
filtration, that do not lead to alterations of thie with acids or by emulsificatioh.

The human consumption of VOO has been spread watdwot atomic spectrometric techniques are widely used foetal
only because of its delicious taste and aroma tat due to the geterminations in VOO. Several authors have refotte use of
health benefits associated with olive oil-rich dietThe lipid fiame atomic absorption spectrometry (FAA%}* graphite furnace
composition of the VOO is rich in unsaturated fattyds, especially atomic absorption spectrometry (GFAAS), *1° inductively
oleic and linoleic acids that are effective in @RING coypled plasma optical emission spectrometry (ICBJE " 9and
cardiovascular diseasésMoreover, VOO is a source of certaifnductively coupled plasma—mass spectrometry (ICP#&" for
micronutrients, such as phenolic compounds, vitariin and Jetermination of metals in VOO.

carotenes, that have important antioxidant actiityivo.> Although ion chromatography and capillary electromgsis (CE)
Chemical analysis of VOO is important to provide ritignal have already been used for determination of indegaons in
information, quality level, geographical origin, cardetection of \y0o?2 23 gnd biodiesel samplé$,%° no work was reported for the
adulteration of this high-value product with cheapdible oils* °  gatermination of Nj K*, C&*, and Md* in VOO using separation
Thus, several analytical methods have been repoitedhe techniques. ’ '

literaturé™® for the determination of volatile compoundscg is a powerful analytical technique for VOO anaysecause it
triglycerides, free fatty acids, phenolic compoundstals, and other can provide high separation efficiency for ionicdaionizable
macro and micro-constituents in VOO. | . analytes, with short analysis time and consumptiblow volumes
The metal ions Na K', C&", and Md" are among the mineral of sample and reagents. Silva ef atviewed the application of CE
elements found in VOO and their concentrations\ay according for determination of phenolic compounds, fatty acichlorophylls,
to the olive fruit composition. The main sourcestfdse metals are petaines, protein, and amino acids in VOO.

the soil, fertilizers, and irrigation water usedtite olive plantation. | this paper, CE was evaluated with capacitivelyupted
So, the investigation of the concentration profiléshese elements contactiess conductivity detection “@ for simultaneous

in VOO may be used for the geographical clas_siﬁmtl\/!qreover, determination of N K*, C&*, and M@" extracted from the VOO
because these metals are essential elements imhuuation, the sing a simple liquid-liquid extraction procedufiis simple CE-

determination of their concentrations in VOO is orfant from the c4p method was applied for determination of theselyaes in
nutritional point of view. commercial samples of VOO. To the best of our kealge, this
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work is the first to use CE or®D for determination of metals in between the oil and aqueous phases. Finally, theplsa were

VOO. centrifuged (Centribio, model 80-28) for 10 min &08 rpm for
separation of the phases. By using a micropipe@8, 4L of the

Experimental aqueous phase was collected and the internal sthsdhution (LT)
was added (1.04 mgl). Before analysis, all samples were filtered

Samples, Reagents, and Solutions through polyethylene membrane filters with 0.22 pone diameter.

All the reagents were of analytical grade excepthareol (Tedia, . .
Brazil), which was of HPLC grade. The lactic acid azaCL were Resultsand Discussion
obtained from Merck (Darmstadt, Germany), and thel, KNaCl, .

MgCl,.6H,O, and LiCl were purchased from Synth (S&o PauI(O:,E separation

Brazil). The L-histidine was obtained from Sigma-Adth Figure la displays an electropherogram of a stahdaiution
(Steinhein, Germany). The ultra-pure water was inobth from containing the analyzed metal ions, while Fig. hid &c exhibit the
Direct-Q 3 UV Water Purification System (Milliporajolsheim, electropherograms of the extracts obtained fromO&®\sample with
France). and without spiking with the metal ions, respedtiv@he separation
The background electrolyte (BGE) for CE separati@s womposed was attained within a short time (less than 3 mirije noticeable
of histidine (20 mmol [}) and lactic acid (22 mmol 1), pH 4.7. asymmetry in the shape of the peaks can be atdbub
Standard stock solutions of metal ions at conceatra of electrodispersion, an intrinsic phenomenon in thectephoretic
10 mmol ' were prepared by dissolving the respective chéorigorocess caused by differences in the mobilitiesveen the analyte
salts in methanol, except for the LiCl solution thats prepared in zones and the BGE. Despite the electrodispersiomd goeak
deionized water and used as an internal standavdobfain the resolutions were achieved. This high separatioitieffcy can be
standard curves, working standard solutions, coimgithe four ascribed to the presence of lactate in the BGE csitipo that
analyzed metal ions and the internal standard, weepared by forms complexes with G4 and Mg, decreasing their
dilution of the stock solutions with a 10-fold ditel BGE. This electrophoretic mobilitie® The slight shifts in the migration times
diluted BGE solution was also used in the liquid#éy extraction observed among the electropherograms (Fig. 1) aane fikely be
procedure. The analyzed VOO samples were acquitetbcal attributed to the variation in the electroosmotlowf intensity.

markets of Campinas (Brazil). Nevertheless, the identities of the analyte pea&ewonfirmed by
spiking experiments. The chosen internal standdrd) (was
CE Instrumentation and Procedure considered suitable because its peak resolutiongmad, and this

. ) metal was not found in detectable amount in the \&&a@ples.
The CE separations were performed with a homemadeyStem \amp

equipped with ¢D. A bore fused-silica capillary column with a 50

pm i.d. and 50.0 cm in length (42.0 cm effectivgswised for CE

separations. The samples were hydrodynamicallyctiefeinto the K Na' ca

capillary column by pressure (11 kPa) for a pergddlO s. The 1.0 Mg® "
separation potential was 25 kV and th&Dperated at 600 kHz

(sinusoidal) and 1.5 V (peak to peak amplitude).ofkrations were 084 a
carried out at ambient temperature (20 to 25°C).

Before the first analysis of the day, the fusedailcapillary was
sequentially washed with 0.1 mofINaOH, water, and BGE (5 min
each). After each running, the capillary was flushéth BGE for 1
min. Standard curves were obtained by injectingtifiplicate) six
working standard solutions containing a mix of thetal ions at
concentration levels from 0 to 8.02 mg-LLithium solution was 02

added (1.04 mg ) to all solutions as internal standard. The areas ' MJLMJL c
under the peaks in the electropherograms were ratety and the
standard curves were then plotted as the raticeak @rea of metal 0-01.5 AN A

ion to that of internal standaxersus analyte concentration. A linear

regression was performed on the standard curvewy ube least-

square method and the obtained regression equatieres used to Figure 1. Electropherograms of a (a) standard solution @& t.
estimate the concentrations of the analytes in@® samples. The analyzed metal ions (3.9, 2.3, 4.0, and 2.4 rifgidr K*, Na', C&*
peak integration and the statistical analysis wereied out with the and Md", respectively) and of the extraction solutions dk¥OO

0.6

Signal (V)

0.4+ b

Time (min)

software Origin 8.1 (OriginLab, Northhampton, MASK). sample with (b) and without (c) spiking with the taleions (0.92,
0.54, 0.94, and 0.57 mg kgfor K*, Na, C&', and Md",
Liquid-Liquid Extraction Procedure respectively). Li solution was added (1.04 mgLin the solutions

) ] as the internal standard. Separation conditions: :BZBEmmol L*
All the extractions were performed using 5 (+0.00@1of VOO histidine and 22 mmol t lactic acid , pH 4.7. Fused silica capillary
samples weighted directly in 15-mL capped polyethgl centrifuge -qlumn with 50 pm i.d. and 50.0 cm length (42.0 effective).
tubes (Falcon®). For the recovery tests, a stoakdsird solution Separation voltage of 25 kV; pressure injectiorihtkPa for 10 s.

containing the metal ions (1 mmol'leach) was used to spike the~4p working at 600 kHz and 1.5 V (peak to peak armpli).
samples, which were then equilibrated for 10 mirfotze the

extraction_. After this period, 1 mL of the aque(mxsactio_n solution Optimization of the Liquid-Liquid Extraction

(10-fold diluted BGE) was added to the samples. Sdiations were

manually homogenized for 2 min and then sonicatddique, A quick separation between the oil and agueousgshaas observed
UltraCleaner 1450) for 15 min. During the sonicafitire tubes were during the sonication step. This phase separaéiduced the surface
manually stirred (5 s) 3 times per min in ordertmid separation contact area between the liquids and decreasedesraction

2 | J. Analytical Methods., 2014, 00, 1-3 This journal is © The Royal Society of Chemistry 2012
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efficiency, resulting in low recoveries of the artak. This drawback
was overcome by manually stirring (5 s) the cengéf tubes at 3
times/min during the sonication.

The influence of the sonication time on the kinetind efficiency of
the extraction was evaluated. Figure 2 displays mtbeoveries
obtained for a spiked VOO sample that was submttiegktractions
under the sonication times of 5, 10, 15, and 20. Bine can note
that 5 min of sonication provided the worst exti@ttefficiency,

most likely because this time was not enough tofop@r an

exhaustive extraction of the analytes. No signiftcaifferences
among the recovery results for 10, 15, and 20 n@newobserved.
However, the relative standard deviations werehtlijgsmaller using
15 min of sonication. Thus, this time was chosethasbest one for
further experiments.

C_INa'
I ca”
R mg™*
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The RSD (n=3) for the analyses ranged from 1.0 t@%9 Sodium
and calcium ions were detected in all samples ahdirt
concentrations ranged from 0.14 to 0.65 mg Kgr the N& and
0.11 to 1.18 mg K{ for the C&". On the other hand, *Kand Md"*
were below the LOQ in certain samples but detedtedther
samples in concentrations that varied from 0.18.48 mg kg and
0.06 to 0.220 mg kY respectively.

By comparing the concentrations reported in therditur
2 for determination of K (0.05 to 2.14 mg Kg, Na" (0.76 to 30.03
mg kgY), C&* (0.63 to 76.0 mg kY, and Md"* (0.056 to 4.61 mg
kg?) in VOO by atomic-spectrometric methods, the otetdiresults
were in agreement for 'K C&*, and Md* concentrations, but Na
levels were lower than those previously reportéds important to
highlight that the concentrations of these analymedals in VOO
can vary significantly according to the geographicdgin (olive
variety and soil composition) of the .28 %

Currently, there are no limits for concentrationghefse elements in
VOO established by the 100C

Table 1. Analytical parameters of the CE'C method

éZ, 14, 15, 17,

g oo X kK
§ 8 8 Metal ions
§ 404 Eii Eg Parameter + + 2+ 2+
@ % 8 K Na Ca’ Mg
7 Migration 4 73,006 2414008 2574009 2.70+0.09
;:3 3 time(min)
ot e A A Regresson  y=0.0273x y=0.0187x y=0.0288x y =0.0135x
Sonication time (min) equationb +0.0349 +0.3929 + 0.1998 + 0.1231
Figure 2. Average recoveries (%) and relative standardadievis (n R? 0.9982 0.9986 0.9995 0.9978
= 3) of the metal ions extracted from a spiked V&#nple under
different sonication times (5, 10, 15, and 20 min). Range (mg L™ 0-6.02 0-4.60 0-8.02 0-4.86
Analytical Parameters of the M ethod LOD®(mg L™ 0.043 0.043 0.051 0.067
The main analytical parameters of the CtBCmethod were
obtained (Table 1) according to the recommendatiofsthe LOQ“(mgL™) 0.14 0.14 0.17 0.22
literature®” The relative standard deviations (RSD) of the ntigra
times were about 3.4%. The instrumental limits efedtion (LOD) | 0Q®(mgkg?) 0.029 0.029 0.033 0.044

and quantification (LOQ) are comparable or betteant those

obtained by reported atomic-spectrometric metéds.?6The LOQ
of the method was calculated by dividing the insieatal LOQ by
5, the approximate preconcentration factor obtaimethe liquid-
liquid extraction (5 g of sample and 1 mL of extiac solution).
The linearity of the standard curves over the eataldl concentration
ranges were validated by the lack-of-fit £tlata not shown) and
the acceptable coefficients of determinatiof)(Which ranged from
0.9978 to 0.9995. The accuracy and intra-day pectisf the CE-
C*D method were evaluated by recovery tests perforatethree
concentration levels of the added metals in thdyaed samples of
VOO. The recovery results (Table 2) ranged fronb&0. 119.6%
with RSD of 0.6-18.1%. According to the recommeratsi of the
literaturé’ for the validation of analytical separation method
recoveries between 70 and 120% with RSD lower thagh 2re
acceptable. Thus, the results of the recovery tadtsated the CE-
C*'D method is sufficiently accurate for the deterrtimm of the
analyzed metal ions in VOO.

Application of the CE-C*D Method for VOO Analysis

The analyses of 5 different commercial VOO samplese carried
out in triplicate and the electropherograms of texdracts of the
analyzed samples are shown in Fig. 3. The sligiftsshbserved in
the migration times have already been discussexivbise in this
paper. The analysis results are summarized in Table

This journal is © The Royal Society of Chemistry 2012

®mean + standard deviation for 5 consecutive refgioans.

Px = concentration of corresponding metal ion (nfy; ly = ratio of peak area
of metal ion to that of internal standard.

“Instrumental limit of detection (S/N = 3).

dInstrumental limit of quantification (S/N = 10)

fLimit of quantification of the method consideririgetpreconcentration factor
of 5x

Signal (V)

0.1

0.0

15 2.0 2.5 3.0
Time (min)

Figure 3. Electropherograms of the aqueous extraction swisti
from the VOO samples 4 (a) and 3 (b). Separatioritions as in
Figure 1.

J. Analytical Methods., 2014, 00, 1-3 | 3
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1
2
3 Table 2. Recovery percentage (meant+R3Bfthe analyzed metal ions at three concentragioels
4
5 Sampl
6 , Concentration mpie
Metal ion N
7 added (mg kg™
8 1 2 3 4 5
9
10 0.92 91.0+x25 823%1.9 113.1 #4.1 88.8+7.7 .5331.6
11 K* 0.46 958+6.1 84.4+57 1196%1.2 103.8+15.600.3+6.1
ig 0.23 86.1+56 83.7+105 111.0%3.0 91.6 +6.5100.8 £9.3
14
15 0.54 914+17 952+95 88.1+129 849+121B1.1+1.1
16 Na 0.27 88.8+6.3 958132 884x152 105.0625.80.7+4.0
ig 0.14 95.1+7.0 91.2%9.9 84.1+3.9 85.8+8.8 .1877.0
19
20 0.94 92.2+37 89.0+85 116.0+6.7 959+15.86.8+6.9
2+
21 ca 0.47 88.3+79 805+140 1174+6.0 104.2+4.93.6+9.3
5:23 0.24 92.1+104 85.7+18.1 106.8+135 98.821689.1+124
24
25 0.57 90.7+14 959+1.2 1194+1.2 85.9+6.8 .7883.4
2+
26 Mg 0.29 946+51 98.8+58 119.4+0.6 91.3+5.4 9.6&2.9
gg 0.14 895+75 101.8+0.2 118.7+1.8 86.7+4.689.4+45
29 #RSD = relative standard deviation (n = 3)
30
31
32 method provided acceptable precision and accumacthe analysis

33 Table 3. Results for the determination of the analyzed radtais in  of commercial samples of VOO.
34 VOO samples.

35 Concentration (mg kg™)?

36 Sample Acknowledgements

37 K* Na* ca® Mg* - .
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