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Abstract

A capillary electrophoresis-tandem mass spectrgmetethodology enabling the
simultaneous determination of betaines (glycinaibet trigonelline, proline betaine and
total content of carnitines) in vegetable oils veeveloped. Betaines were derivatized
with butanol previous to their baseline separatrod0 min using a 0.1 M formic acid
buffer at pH 2.0. lon trap conditions were optinaize order to maximize selectivity and
sensitivity. Analytical characteristics of the posed method were established by
evaluating its selectivity, linearity, precision §Rs ranged from 4.8% to 10.7% for
corrected peak areas), accuracy by means of recatedies (from 80% to 99%) and
LODs and LOQs at 0.1 ppb level. The method wasiegpb the determination of the
selected betaines in seed oils and extra virgiveddils. MS experiments provided the
fingerprint fragmentation for all betaines studiadseed oils. In extra virgin olive oils,
carnitines were not detected being possible togesephem as a feasible novel marker for
the detection of adulterations of olive oils. Aggliion of the developed method to the
analysis of different mixtures of extra virgin aiwil with seed oil (between 2-10 %)
enabled the detection and quantitation of the totaltent of carnitines. The results
obtained show the high potential of the developexthad for the authentication and

quality control of olive oils.



1. Introduction

Olive oil shows outstanding characteristics dueitto differentiated sensorial
qualities and its high nutritional value [1]. Difent studies have shown the relationship
between the consumption of olive oil and its proteceffect against cancer (especially
colorectum and breast cancer) and cardiovascudaade [2-5]. Because of its high price,
extra virgin olive oil is often illegally adultered by fraudulent producers with cheaper
oils such as sunflower, corn or soybean oils [6 HJwever, the definition of virgin oils
established in the European regulations excludesniikture with oils of other kinds [8].
For these reason, the fight against olive oil aation is a relevant aspect to determine
the authenticity and quality of edible oils.

Despite that different spectrometric techniquescamjunction with multivariate
parametric analysis have been applied to estabilisuthenticity [9], most of the current
works on edible oil adulteration employ chromatgdpia analysis [6]. Coupling these
techniqgues with MS detection provides a powerfuthteque for the unequivocal
determination of particular compounds in oils. Thaifferent methodologies by GC-MS
[10, 11] and HPLC-MS [1, 12-14] have been reporiadthe literature for the
authentication of olive oils using as markers tyiglycerols or fatty acids (the main
compounds of any edible oil). Although the unsapable fraction, which makes up
around 2-5 % of all oils, has been less studiegketlare also different methods by GC-
MS and HPLC-MS described in the literature, thahsider volatile compounds [15],
aliphatic and triterpene alcohols [16], or tocomi®mnd sterols [13, 17] as markers for
the detection of adulterations. However, most eséhmethodologies need sophisticated
chemometric tools to interpret the data and diffeeg¢e the adulterated samples from
pure olive oils. Recently, our research group pseglofor the first time the use of non-

protein amino acids as novel markers for the deteaif adulterations of olive oils with
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seed oils [18]. In fact, the development of a CE2MSBethodology enabling the
identification and determination of six non-protamino acids in vegetable oils allowed
to propose ornithine and alloisoleucine as markershe detection of adulterations of
olive oils.

Betaines could also be included among the varidtysubstances of different
structure that makes up the unsaponifiable fractdnoils. They are highly polar
zwitterionic molecules possessing a quaternary amumo group with a permanent
positive charge and a carboxylic group. These camg@gs are known to be one of the
major osmoregulating compounds accumulated in mamnts in response to
environmental stress [19]. In mammals, betaines asctosmolytes in most tissues
regulation [20-22] and as source of methyl groupsnhethylation of homocysteine to
originate methionine. The glycine betaine, prologtaine and trigonelline concentration
of a wide range of foods has been surveyed by HBM323], LC-MS [24] and CE-UV
[25]. However, only the presence of glycine betawves detected in a concentration of
0.11 mg/100 g olive oil [24] whereas proline be¢taand trigonelline were not detected
[23, 25]. On the other hand, trigonelline has bedsntified in sunflower seeds and
soybean seeds by CE-UV [25], UV-vis spectrophotoym§26] and HPLC-UV [27],
while in corn seeds, both trigonelline and glychetaine have been identified by HPLC-
UV [23] and MS [28-30]. With respect to carnitinehas been radioisotopic determined
in olives, showing a concentration of 0.5 mg/1J81. Based on the results obtained by
our research group using CE with UV detection oa presence of trigonelline in
soybean and sunflower oils, but not in olive ditggonelline was proposed as a marker
for the detection of adulterations of olive oilghvseed oils [25].

The purpose of the present study was to investifaepotential of betaines as

novel markers of adulterations of olive oils wigesds oils through the development of a
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sensitive CE-MS methodology enabling the simultaisedetermination of betaines in

vegetable oils (seeds and olive oils).

2. Materialsand method

2.1 Chemicals and samples

All reagents were of analytical grade. Methanol ahtbroform (used for sample
extraction) and isopropanol (used for sheath ligprdparation) were supplied from
Scharlau Chemie (Barcelona, Spain). Sodium hydeoxadd hydrochloric acid from
Merck (Darmstadt, Germany) were used to rinse #pallary. Formic acid from Riedel-
de Haen (Seelze, Germany) was used to prepare @tingubuffer whose pH was
adjusted with 25 % ammonium hydroxide solution fréerck. Hydrogen chloride/1-
butanol solution from Fluka (Buchs, Switzerland)swesed for betaines derivatization.
Distilled water was deionized by using a Milli-Qssgm (Millipore, Bedford, MA, USA).

Trigonelline, glycine betaine, carnitine, acetyldéine and palmitoylcarnitine were
supplied from Sigma (St. Louis, MO, USA). ProlineetBine was from Hallochem
Pharma (Chongging, China). Arbequina, Picual, anjibthnca extra virgin olive oils,
refined sunflower oils, refined corn oils and refihsoybean oils were acquired in

different supermarkets (Madrid, Spain) from diffgreademarks.

2.2 Preparation of solutions

The separation buffer was 0.1 M formic acid adjdstéth 25% (v/v) ammonium
hydroxide solution to reach pH 2.0.
Stock standard solutions were prepared by disspl¥img/mL of each betaine in

acetonitrile/water (40:60, v/v) and diluting themget a mixture of betaines at the desired



concentration. These solutions were stored at rtonperature before use and 500 pL
were evaporated at 80 °C and 15 mbar in epperndoestbefore their derivatization.
Sample preparation was carried out consideringooevious method [25]. Briefly,

40 g of vegetable oils were weighed and extractigd $%60 mL of methanol:chloroform
(2:1, v/v) and left at -20°C overnight. After cefitgation (4000g, 15 min, 4 °C) the upper
phase was collected in a new tube and the bottoaseplwas washed with 100 mL of
methanol/chloroform/water (2:1:0.8, v/v/v), obtaigia new upper phase which was
combined with the previous one. Then, the mixedtioas were washed with 40 mL of
chloroform and 100 mL of water and centrifuged @015 min, 4 °C). The aqueous
phase was separated for its evaporation at 80 #tytess and finally it was derivatized

with butanol before injection in the CE system.

2.3  Derivatization procedure

Butyl ester derivatization of betaines was carriedgt following a reported
procedure which was slightly modified [32]. Thus50nl or 1 ml of the butanol
derivatizing agent (3 N HCI in butanol) was addedhte evaporated extract of standards
or samples, respectively and shaken in a vorteg.réaction was carried out in an oven
at 80 °C during 30 min. The derivatization process stopped keeping the solution in
the freezer during 5 min. Then, the excess of #révdtizing agent was evaporated in a
concentrator at 80 °C. Finally, the analytes weeeomnstituted in 500 pl of

acetonitrile/water (40:60, v/v).

2.4 CE-M S conditions
A HPPCE instrument (Agilent Technologies, Palo Alto, CASA) coupled

through an orthogonal electrospray interface (E@®bdel G1607A from Agilent
6



Technologies) to a 3D lon Trap mass spectrometeodéin 1100 from Agilent
Technologies) was employed. MS control and datdysisawere carried out using
LC/MSD Trap Software 5.2. Separations were perfarmeing uncoated fused-silica
capillaries of 50 um id with a total length of 6@1,cwhich were purchased from
Composite Metal Services (Worcester, England). B&efirst use, the capillary was
conditioned with 1 M NaOH for 20 min, followed byater for 5 min, 0.1 M HCI for 5
min and finally the separation buffer for 30 min,all cases at a 1 bar pressure. Between
injections, the capillary was rinsed with the buf®lution for 2 min. The capillary
temperature was 25 °C, the injections were madeeaanodic end by pressure (50 mbar
for 50 s), and the applied voltage was 25 kV.

Electrical contact at the electrospray needle s wstablished via a sheath liquid
which consisted of isopropanol:water (50:50, v:entaining 0.1 % formic acid and
delivered at a flow rate of 3;8L/min by a syringe pump (model 100, Holliston, USA)
with SGE syringe of 10 mL from Supelco (Bellefor®&, USA). The nebulizer pressure
and flow, and the drying gas temperature were 2Ngsand 3 L/min N at 300 °C,
respectively. The mass spectrometer operated WehHESI source in the positive ion
mode (4.5 kV) and it scanned at 50-28Wz range. The trap parameters were
programmed in smart mode using values of compotatulisy and trap drive level of 50
and 100 %, respectively. The ion charge control enoperated to accumulate 100000
ions for a maximum accumulation time of 300 ms witle scan. The fragmentation in
the ion trap was performed for 10 ms with fragmgata amplitude of 1.00 V and
isolation width of 4.0 m/z to obtain MSpectra during the run in Multiple Reaction
Monitoring (MRM) mode. Extracted ion electropheragis (EIES) were obtained using

the smoothed option of the software (Gauss at Atpoi



3. Resultsand discussion
3.1 Optimization of derivatization conditionsfor betaines

The derivatization of compounds that contain maarad dicarboxylic acid groups
using butanol as derivatizing agent not only gsemtiproves ionization efficiencies and
hence analytical sensitivity [33], but also imprevibe mass differentiation among the
analytes increasing the selectivity. As a consecgigoutanol was employed in this work
as derivatizing agent for betaines in order to tgve CE-M$ methodology enabling
their sensitive determination in vegetable oils.

The efficiency of the derivatization reaction wagtimized monitoring by UV
detection the percentage of the derivatizationeaad for trigonelline (betaine with a
chromophore group). To obtain the maximum percentage temperature and the
derivatization time were varied from 60 to 100 #@téanol boiling point, 117.73 °C) and
from 10 to 30 min, respectively. A percentage o® 20 for the derivatization reaction
was obtained when the temperature increased up & 8Figure 1shows that when a
percentage of derivatization of 62 % was achiea®(Q °C), two peaks corresponding to
derivatized and underivatized trigonelline appearethe electropherogram (Figure 1a).
However, at 80 °C (100 % derivatization reactioml|y one peak, corresponding to
derivatized trigonelline was observed (Figure I).the other hand, the variation of the
reaction time from 30 to 10 min decreased the p¢age up to 55 %. As a consequence,
80 °C and 30 min were chosen as optimal conditesrabling to reach values of 100%

derivatization for trigonelline.

3.2 ldentification of betaines
First, the individual identification of the diffane derivatized betaines in MS and

MS? modes was carried out. Six different betainescigly betaine, trigonelline, proline
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betaine, carnitine, acetylcarnitine and palmitogidae) were chosen since they are
present in a high number of foods as mentionedcénintroduction. According to our

previous work [25] and taking into account the @ait nature of betaines, the running
buffer was 0.1 M formic acid at pH 2.0 which makegligible the electroosmotic flow

and the interaction of these analytes with thellzapiwall. Mass spectra obtained using
MS experiments enabled to identify all the derzed betaines. However, the
derivatization of acetylcarnitine and palmytoilcéime produced non-expected molecular
ions atm/z 218 due to their degradation to carnitine. Fos ti@ason, the differentiation

between carnitine and other acylcarnitines was puassible, and a total content of
carnitines was determined.

The fragmentation of the molecular ions determipeeviously in the MS mode
was carried out. Figure 2 depicts the M$ectra and the proposed structures of the
derivatized betaines. Neutral losses of m/z 56esponding to the derivatizing agent
(CHsCH.,CH=CH,) took place for all betaines. In addition, in tbase of carnitines
neutral losses of m/z 59 of the quaternary ammonguoup and m/z 18 of a water
molecule were observed. It should be noted thatmb&ecular ions for all the studied
compounds have sizes 150 m/z, due to the formation of the butyl derivative bkt

betaines, where the MS background noise is usloadlgr [34].

3.3 Simultaneous separ ation of betainesby CE-MS

Using the CE-MS mode and a capillary with a togalgth of 85 cm, the separation
of the studied compounds was achieved in 18 miwsigpthe following order of elution:
glycine betaine, trigonelline, proline betaine aratnitines. The values of resolution
between adjacent peaks were 4, 3 and 15, resplgctiMaen, the capillary length was

reduced to 60 cm, which is the minimum length nddde CE-MS hyphenation, in order
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to decrease the analysis time. Figure 3a showddke-peak electropherogram (BPE)
obtained for the mixture of betaines using the sleapillary. The analysis time was
reduced up to 10 min with all peaks at least basefksolved.

To carry out the simultaneous identification ofaiees in one run, MSxperiment
in MRM mode was employed, which also allowed to rioye the selectivity and
sensitivity. Thus, to obtain good sensitivity (S#io) with enough precision, the ion trap
parameters were optimized to achieve at least 1(pdiits per peak. Different
parameters, such as the maximum accumulation tiemegihg from 50 to 300 ms), the
number of scans averaged (from 1 to 3), and thgrfesntation time (from 10 to 40 ms)
were investigated. The optimal conditions enablowincrease the S/N ratio and precision
were set at 300 ms for the maximum accumulatiore tione scan, and 10 ms for the
fragmentation time. Using these values, at leagidiits per peak with a precision about
10 % were obtained.

Finally, a stacking sample preconcentration follagvour previous work [25] was
carried out to increase the sensitivity for sangalysis. Thus, the reconstitution of the
samples in acetonitrile/water (40:60, v/v) aftere tderivatization reaction, and a
hydrodynamic injection of 50 s were employed. FéguBb shows the MS
electropherograms for glycine betaine, trigonellipmline betaine, and total content of

carnitines in MRM mode under the optimal conditions

3.4 Study of the analytical characteristics of the developed CE-M S? method
Selectivity, linearity, precision, accuracy, linof detection (LOD), and limit of
guantitation (LOQ) of the developed method werealdsthed in order to show its

suitability for the determination of betaines irgegables oils.
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A good selectivity was obtained since the analysisbetaines was possible
monitoring one precursor-product ion transitionNd$? experiments for all compounds
(except in the case of carnitine, where three tians were obtained). In addition, a
resolution higher than base-line separation wagaet (see Figure 3a).

Linearity was established by plotting the correcpek areas (Ac, peak area to
migration time ratio) from the EIEs as a functidntlee concentration for each betaine
using the external standard calibration method. Theelation coefficient (r), the
intercept, and the slope are grouped in Table 1isf8etory results were obtained in
terms of linearity with a correlation coefficient3:99 for the average calibration plot,

and with all the confidence intervals at 95% fdemept, including the zero value.

Precision was evaluated considering the instrunhemtd method repeatability as
well as the intermediate precision (see Table flafeample of a seed oil (sunflower oil
(RSO-1)). The values of relative standard deviai@RSDs in %) for corrected peak
areas were always lower than 8 % for repeatalaliy lower than 11 % for intermediate
precision, except for proline betaine which wasdetected in the samples.

To test the accuracy, a recovery study was caoigdy spiking a representative
extra virgin olive oil sample (HEVOO-1) with 5 a@ ng of each betaine and injecting
the samples in triplicate. Values of recovery raggrom 80% to 99% with RSDs 5%
were obtained as shown in Table 1.

Finally, LODs and LOQs for betaines were calculaésdthe minimum analyte
concentration yielding a S/N ratio equal to 6 afdtiines, respectively [35]. Using this
definition for the LOD, the d-error” (deciding that the component is presentnwitas

not) and B-error” (deciding that the component is absent wites present) are well
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balanced (only 5 %). According to this definitidrgble 1 groups the values for LOD and

LOQ obtained for the solutions previous to theinization.

3.5 Quantitation of betainesin vegetable oils.

The determination of the studied betaines in vdgjetails (three different samples
of each kind of seed oils and nine different sampmiethree different varieties of extra
virgin olive oil) was performed using the MRM whiemabled to obtain an improvement
in the sensitivity and selectivity of the method.

To carry out the quantification of the samples, sirggle-point standard addition
calibration was employed. Using this methodologys ionly necessary the injection of
two samples solutions for each vegetable oil sampde the sample solution and the
spiked sample containing a known amount of beta{f@es pg/mL of each one). The
content of each betaine determined in the diffesarhples is presented in Table 2
Although the content of proline betaine was noedetd in any of the analyzed samples,
it is important to highlight that is the first tinteat glycine betaine and total content of
carnitines have been determined in soybean, cathsanflower oils. As Table 2 shows,
the highest content was obtained for glycine betamnall seed oils. The values obtained
for the content of trigonelline and carnitines wemailar, except in sunflower oils where
trigonelline was about 2 times higher than the eonof total carnitines. Regarding extra
virgin olive oils, the amount of glycine betainedatnigonelline was around 40 and 30
times lower than the amount obtained in seed mkgyectively. The results obtained for
trigonelline, differ from those obtained previousihere this compound was not detected
in olive oils [25]. This is because with MS the siérity was 20 times better than with
UV detection (LOD = 1 ng/g) and it was possibledadect low quantities of trigonelline

in olive oils. However, note that, although in alive oils trigonelline peaks were
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detected, contents were smaller than LOQ in alesasxcept for two Arbequina extra
virgin olive oils (see Table 2). Finally, the conteof carnitines was not detected or not
guantifiable in extra virgin olive oils being a &lale novel marker for the detection of
adulterations of olive oils by this methodology.

To demonstrate the method suitability for detectidglterations using carnitines as
markers, different mixtures of olive oils with seed (soybean oil) were analyzed.
Adding percentages of 2, 5 and 10 % (w/w) of sogbahin olive oil not only increases
the quantity of glycine betaine and trigonellinghie sample, but also enables to quantify
a certain content of carnitines (see Table 2). &hesults can be observed in Figure 4
which shows the EIEs obtained by CE-fM®&r glycine betaine, trigonelline and total
content of carnitines in a soybean oil sample (RS¥(an extra virgin olive oil sample
(HEVOO-1), and the oil mixture of HEVOO-1 with a 584/w) of RSYO-3. This figure
also shows the MSspectra employed to carry out the unequivocaltifieation of each
compounds in the oil mixtures. Taking into accotlret results obtained in this work, the
detection of adulterations of olive oils with othexgetable oils can be performed using
as marker the total content of carnitines. In addjtthe presence of glycine betaine or
trigonelline at concentrations higher than 0.7 ngfg0.1 ng/g, respectively, would
suppose their adulteration with other vegetabls. ollherefore, better results for oil
mixtures were achieved by this methodology tharseéhpreviously obtained by UV
detection where percentage20 % (w/w) of refined soybean oil in olive oil ddube
detected. These data confirm the high potentiathef developed method to easily

determine the authenticity and quality of olivesoill
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4. Concluding remarks

The sensitive and simultaneous determination chibes previous derivatization
with butanol was performed using a CE-ESI4Vi®ethod. lon trap variables were
optimized and M$ experiments in MRM mode were carried out to imprahe
sensitivity and selectivity. Satisfactory sepanateonong the betaines with short analysis
times (10 min) was obtained. The analytical chamstics of the developed method were
studied achieving good sensitivity and adequatecigion and accuracy for all the
analytes. The optimized method was applied to thayais of different commercial
vegetable oils (extra virgin olive oils, soybeatsosunflower oils and corn oils). The
results revealed the presence of glycine betarmggnielline and carnitines in seed oils
while proline betaine was not detected in any sanidbreover, the absence of carnitines
in olive oils enabled to propose them as novel ex@rkor detecting adulterations of extra
virgin olive oils with seed oils. These results whimat the proposed methodology is a
promising alternative offering a sensitive and dafingerprint of olive oils for quality

control purposes.
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Figure Captions

Figure 1. Electropherograms showing the effect of deriaion temperature for
trigonelline ata) 60 °C andd) 80 °C. CE conditions: BGE, 0.1 M formic buffer (|2:0);
uncoated fused-silica capillary, 50 um IDx68.5 @njection by pressure at 50 mbarx15

s; applied voltage, 25 kV; temperature, 25 °C; caia at 195 nm. Standard of 50 pg/mL

in water.

Figure 2. MS® spectra and structure of precursor ions for easthife are shown. CE
conditions: BGE, 0.1 M formic buffer (pH 2.0); urated fused-silica capillary, 50 um
IDx85 cm; injection by pressure at 50 mbarx15 gliad voltage, 25 kV; temperature, 25

°C. ESI conditions: positive ion mode; spray vaitagd.5 kV; sheath liquid,
isopropanol/water (50/50 v/v) with 0.1% formic a@t 3.3 pL/min; drying gas flow, 3
L/min; drying temperature, 300 °C; nebulizer pressl2 psi. lon trap conditions:
maximum accumulation time, 300 ms; averages, 33,568-350 m/z; MS transitions

with width, 4 m/z; fragmentation amplitude, 1.00fkggmentation time, 40 ms.

Figure 3 a) CE-MS base peak electropherogram (BPE) for stantataines mixture of 5
ng/mL each one (injection by pressure at 50 mbasyEhdb) simultaneous CE-M<EIE for

a standard betaines mixture of 5 pg/mL each onection by pressure at 50 mbarx50 s). CE
Conditions: uncoated fused-silica capillary, 50 [Dx60 cm; Other CE conditions and ESI
conditions as in Fig. 2. lon trap conditions: maxmmaccumulation time, 300 ms; averages,
1; scan, 50-280 m/z. MStransitions in MRM mode with width, 4 m/z; fragmation
amplitude, 1.00 and fragmentation time, 10 ms. Peaklycine betaine, 2. Trigonelline, 3.
Proline betaine, 4. Carnitine and Acetylcarnitis¢andards dissolved in acetonitrile/water
(40:60, v/v).

Figure 4. CE-MS EIE for glycine betaine, trigonelline and totahtent of carnitinesn a)

soybean oil sample (RSYO-3), b) extra virgin olaiesample (HEVOO-1), c) oil mixture
17



of HEVOO-1 with a 5% (w/w) of RSYO-3, and d) K1Spectra for the peaks obtained in c)
of glycine betaine, trigonelline or carnitines hetoil mixtures (HEVOO-1 with a 5% (w/w)

of RSYO-3). All other experimental conditions wa®in Fig. 3.
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Table 1. Analytical characteristics of the method develofmdhe determination of betaines by CE-M5

Linearity” Precision (Ac and RT, RSD(%)) Recover§ LOD  LOQ
Compound ; Intercent Slope Instrume.n.tal Methoq. Intermgdiate Low High (ng/g)  (nglg)
P P P€ | Repeatabilitf Repeatabilit) PrecisioR | level level 9’9 9'g
Ac RT Ac RT Ac RT
Glycine betaine 0.996 7.5 (+7.6)x 10 109.9 (+83)| 48 55 77 68 107 112 99+2 94410075 0.125
Trigonelline 0.994 12.8(+15.8) x i0148.3 (x30.3)| 5.8 5.9 7.4 8.9 95 10p 9245 88+ 0.050 0.083
Proline betaineg 0.997 1.9 (+9.4) x*10 75.6 (+10.6) - - - 8015 8812 0.075 0.125
Carniines | 0.994 82 (+12.0)x%0 241.9 (+22.8) 54 7.7 79 89 91 125 96+l  99+1 0050 0.083

2 Experimental conditions as in Fig. 3.
®) Six standard solutions at different concentratievels (LOQ-100LOQ) injected in triplicate duringréke days. The calibration plot was
represented using the average of the triplicatectigns for each day. Values in parentheses arfidenge intervals at 95%: +t¥@rcept

f[Xsslope.

® Ac means corrected peak area (peak area dividetidnation time) and RT means retention time.
9 Obtained from six consecutive injections of RS®-the same day (n=6).

®) Obtained from three individual RSO-1 samples itgedy triplicate in the same day (n=3).

" Assessed from three individual RSO-1 samples fiegein triplicate in three consecutive days (n=9).
& Recovery for HEVOO-1 samples spiked at low leveh@of each compound) and at high level (50 nggehecompound). Average * standard

deviation (n=3).
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Table 2. Quantitation of betaines (using the single paiaindard addition) in vegetable oils
from different botanical origin. ND: not detectedl(OD).

Quantitation (ng/g)

. Glycine . . Proline  Carnitine and
Origin Sample Name bei/ai ne Trigonelline betaine  Acylcarnitines
RSO-1 9+1 55+0.1 ND 2.1+05
Sunflower oil RSO-2 12+1 6.7+0.1 ND 4.4+0.3
RSO-3 11+1 7.7+0.6 ND 22+0.3
RCO-1 4+1 0.3+0.1 ND 0.3+0.1
Corn ail RCO-2 8+1 1.1+0.7 ND 0.8+0.2
RCO-3 5+2 05+0.1 ND 1.0+0.3
RSYO-1 4+1 0.7+0.1 ND 1.1+0.2
Soybean oil RSYO-2 9.7+0.8 1.2+0.3 ND 1.0+0.3
RSYO-3 54+ 0.4 0.6+ 0.2 ND 0.8+0.1
Hojiblanca HEVOO-1 0.16 £0.01 <LOQ ND <LOQ
extravirgin HEVOO-2 0.12+0.01 <LOQ ND ND
olive ail HEVOO-3 <LOQ <LOQ ND ND
Arbequina ~ AEVOO-1  0.13+0.02 0.085+0.007 ND ND
extravirgin AEVOO-2 0.24 £0.01 <LOQ ND <LOQ
olive oil AEVOO-3  0.19+0.01 0.089+0.001 ND ND
_ PEVOO-1 <LOQ <LOQ ND <LOQ
Picual etra = pevyon s 012+002 < LOQ ND ND
virgin olive ail
PEVOO-3  0.14 +0.01 < LOQ ND ND
Mixtures of 10% 0.68+0.01 0.12+0.04 ND 0.14 +0.01
HEVOO-1 5% 0.45+0.03 0.09 +0.02 ND 0.096 + 0.006
with RSYO-3 2% 0.36 + 0.02 <LOQ ND <LOQ
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Figure 2.
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Figure 3.
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Figure4
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