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Pressurized liquid extraction (PLE) and dispersive liquid-liquid microextraction (DLLME) were used to
isolate and preconcentrate tocopherols and tocotrienols from plant foods. The Taguchi experimental
method was used to optimize the six factors (three levels for each factor), affecting DLLME, namely:
carbon tetrachloride volume, methanol volume, aqueous sample volume, pH of sample, sodium chloride
concentration and time of the centrifugation step. The influencing parameters selected were 2 mL of
methanol:isopropanol (1:1) (disperser solvent), 150 uL carbon tetrachloride (extraction solvent) and
10 mL aqueous solution. The organic phase was injected into reversed-phase liquid chromatography (LC)
with an isocratic mobile phase composed of an 85:15 (v/v) methanol:water mixture and a pentafluoro-
phenyl stationary phase. Detection was carried out using both fluorescence and atmospheric pressure
Tocopherols chemical ionization mass spectrometry (APCI-MS) in negative ion mode. Quantification was carried out
Tocotrienols by the standard addition method. Detection limits were in the range 0.2-0.3 ng mL~" for the vitamers
Foods with base-line resolution. The recoveries obtained using the optimized DLLME were in the 90-108%
range, with RSDs lower than 6.7%. The APCI-MS spectra, in combination with fluorescence spectra,
permitted the correct identification of compounds in the vegetable and fruit samples. The method was
validated according to international guidelines and using two certified reference materials.
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and high preconcentration through chemical processes which use
low quantities of solvents for dissolving or extracting analytes, in line

1. Introduction

Pressurized liquid technology (PLE) is an emerging greener
technique based on the use of liquid solvents at elevated tem-
perature and pressure, thus improving the extraction performance
of classical techniques [1]. The extraction of bioactive compounds,
which are sensitive, thermolabile and found in low concentrations
in foods, leads to low yields with traditional techniques. However,
PLE enhances the extraction efficiency by increasing solubility and
mass transfer properties [2-3].

The perspective of hyphenation and combination of different
sample preparation techniques is one recent strategy in analytical
chemistry. Thus, by combining PLE with miniaturized analytical
techniques, it would be possible to extract compounds from samples
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with the priorities of green chemistry [4]. Dispersive liquid-liquid
microextraction (DLLME) is a very simple and rapid technique [5]
using a ternary component solvent system formed by an aqueous
solution containing the analytes, a water-immiscible extraction
solvent and a water miscible disperser solvent.

The vitamin E group includes eight liposoluble vitamers or
tocols. Its structure is comprises two primary parts: a chromanol
ring and a hydrophobic side chain [6], which are divided into two
fundamental groups, four tocopherols (T), with saturated isopre-
noid side chains, and four tocotrienols (T3) with isoprenyl side
chains with three double bonds. Furthermore, each group includes
four vitamers (a-, p-, y- and &), which differ in the number
and position of the methyl substitutes in the chromanol ring [7].
The most widely distributed and biologically active as a vitamin is
o-T, while the activity of p-T is 30% of that of «-T; y-T has 15%; and
5-T only 3%. The activity of a-T3 is 25% of that of «-T.
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The vitamin E content in animal foods is very variable,
depending on the animal diet. In contrast, it is mainly found in
plant foods, especially in oilseeds, green parts of plants, and oils of
wheat germen, sunflower, corn and olive. Because of its antiox-
idant role, the vitamin E content in foods also has a technological
significance, since these compounds react with free radicals, and
are reduced during the manufacture and storing of foods [8].

Liquid chromatography (LC) is the most widely used technique
for vitamin E determination in foods [8,9]. It uses different
detection systems, such as UV-vis [10-16], fluorescence [17-32],
electrochemical [33-35] or mass spectrometry (MS), which com-
bines the resolution of LC with the detection specificity of MS,
mainly using atmospheric pressure chemical ionization (APCI) or
electrospray ionization (ESI) [11,12,36-43].

The food sample preparation is the main source of error and
the most commonly used methods to extract vitamin E are solvent
extraction or alkaline hydrolysis [7-9]. Natural foods would not
need to be hydrolyzed because the vitamers occur mainly as free
compounds, but fortified foods should be saponified because they
are generally added as esters [10]. As an alternative, tocols may be
extracted by PLE techniques [33-35,40], thus achieving shorter
extraction times and decreasing solvent volumes. The Standar-
dized Method of analysis for vitamin E includes the determination
of a-, B-, y- and &-tocopherol by LC separation and subsequent
photometric (UV) or preferably fluorimetric detection. In most
cases, a saponification of the material followed by an extraction is
necessary [44].

As regards new clean sample preparation techniques, solid-
phase microextraction (SPME) has been used to the extraction of
vitamins A, D3 and E [45], microextraction of vitamin E with
hexane and fluorescence detection [46]. A liquid-phase micro-
extraction (LPME) procedure using solidification of a floating drop
has been proposed for determination of fat-soluble vitamins [47],
and DLLME has recently been applied in the determination of
a-tocopherol [48] and tocopherols and tocotrienols using fluores-
cence detection [49].

When designing an optimization model, the multiple factors
affecting DLLME can be considered together by a balanced ortho-
gonal array design (OAD) based on the Taguchi method [50].
Depending on the number of parameters, the OAD approach made
it possible to run experiments, analyze data, identify the optimum
conditions and perform confirmation runs with the optimum
levels of all the parameters.

This study proposes a procedure using LPE and DLLME such as
green sample preparation techniques for the efficient determina-
tion of tocopherols and tocotrienols in plant foods with LC using
fluorescence and APCI-MS detection. The Taguchi experimental
method is applied to study the possible influence on the perfor-
mance of the method of six factors. The method is validated
according to international guidelines. The main contribution of
this study is that is the first time that vitamin E forms are
preconcentrated by PLE and DLLME and unequivocally identified
by MS.

2. Experimental
2.1. Reagents and samples

Chromatographic quality acetonitrile, methanol and carbon
tetrachloride were obtained from Sigma (St. Louis, MO, USA). The
water used was previously purified in a Milli-Q system (Millipore,
Bedford, MA, USA). DL-a-tocopherol, rac-p-tocopherol, y-tocopherol
and 5-tocopherol, were obtained from Sigma-Aldrich (St. Louis, MO,
USA). Stock solutions (1000 ug mL~ ') were prepared in ethanol and
stored in amber vials at —20 °C. The stock solutions were checked

for concentration and purity by UV spectroscopy using the known
absorption coefficient of each isomer [35]. Working standard
solutions were prepared daily in ethanol and stored at 4 °C. Because
tocotrienols were not available, refined palm oil was obtained from
Fluka (Spain). The oil (2 g) was extracted by a PLE treatment [35]
using methanol/isopropanol (50 mL, 1:1, v/v) as solvent at a
temperature of 50 °C and a pressure of 1600 psi, with one cycle of
extraction during a static time of 5 min. The extract contained o-, y-
and 5-tocotrienol and was used to provide reference retention times
for tocotrienols. The calibration graphs of tocopherols were used to
quantify both tocopherols and their corresponding tocotrienols,
according to the literature [35]. Other reagents were hydromatrix
celite (Agilent), sodium chloride, ascorbic acid and potassium
hydroxide (Merck).

Samples of fruits and vegetables were commercially obtained
and just analyzed. Samples were spiked with a mixture containing
the standards and extracted after 30 min.

2.2. Instrumentation for LC-fluorescence

The LC-fluorescence system consisted of an Agilent 1100
(Agilent, Waldbronn, Germany) quaternary pump (G1311A) oper-
ating at room temperature. The solvents were degassed using an
on-line membrane system (G1379A). The fluorescence detector
was an Agilent FLD (G1321A) operating at an excitation wave-
length of 298 nm and an emission wavelength of 345 nm.

The analytical column used for the reversed-phase technique
was Ascentis® Express F5 filled with dimethylpentafluorophenyl-
propyl (15 cm x 0.46 cm x 5 pm) (Sigma). The mobile phase was
a 85:15 methanol:water (v/v) mixture under isocratic conditions.
The flow-rate was 1 mL min~'. Aliquots of 20 pL were injected
manually using a Model 7125-075 Rheodyne injection valve
(Rheodyne, Berkeley, CA, USA). Solutions were stored in 2 or
10 mL amber glass vials. To filter the samples, PVDF filters
(0.45 um) (Teknokroma, Barcelona, Spain) were used. An EBA 20
(Hettich, Tuttlingen, Germany) centrifuge was used at a speed near
to the maximum supported by the conical glass tubes, 3000 rpm.
Vegetable samples were homogenized using an IKA A 11 homo-
genizer (Staufen, Germany).

Extractions were performed with a Dionex (Germany)
200 Accelerated solvent extractor system, equipped with 22 mL
stainless steel extraction cells and 60 mL Dionex glass vials for
extract collection.

2.3. LC-APCI-MS system

The LC system consisted of an Agilent 1200 (Agilent, Wald-
bronn, Germany) binary pump (G1312A) operating at a flow-rate
of TmLmin~!. The solvents were degassed using an on-line
membrane system (G1379A). The column was maintained in
a thermostated compartment at room temperature (G1316A),
and injection (20puL) was performed using an autosampler
(G1329A). The column and the mobile phase were the same as
those optimized for fluorescence detection. The LC system was
coupled to an ion-trap (IT) mass spectrometer (1036 model)
equipped with an APCI interface operating in negative ion mode.
The selected ion monitoring (SIM) mode was applied. The instru-
ment parameters were: drying temperature 350 °C, APCI tempera-
ture 400 °C, drying gas flow 5 L min~' and nebulizer gas pressure
60 psi.

2.4. PLE procedure for food samples
The fruit and vegetable foods consisted of different types, such

as spinach, corn, cranberry, pomegranate and mango juice, all
commercially obtained from street markets. The samples were cut
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into small pieces and homogenized. Three grams of crushed food
was weighed and mixed with 1.5 g of the drying agent (hydro-
matrix celite) in order to prevent the aggregation of sample
particles and was placed in a 22 mL extraction cell with double
glass fiber (Dionex Corp.) inside. The sample was extracted by a
PLE treatment using methanol:isopropanol (1:1v/v, 50 mL) as
solvent at an oven temperature of 50 °C and a pressure of
1600 psi, with one cycle of extraction during a static time of
5 min. After the extraction, a volume of clean solvent was pumped
into the sample cell, and the solvent was then purged from the cell
with nitrogen with a purge time of 60 s. The extracts were diluted
to 50 mL and filtered through 0.45 pm PVDF filters.

2.5. DLLME procedure

For DLLME, a 0.2-2 mL-volume organic fraction resulting from
the PLE extraction (depending on the analyte concentration) was
recovered and used as dispersant solvent, to which methanol:
isopropanol (1:1, v/v) up to 2 mL and 150 uL of carbon tetrachlo-
ride (extractant solvent) was added. The mixture was then rapidly
injected into 10 mL of water using a micropipette, and gently
shaken manually for several seconds. After centrifugation at
3000 rpm for 3 min, the extraction solvent was sedimented at
the bottom of the conical tube (volume recovered 50 + 10 uL). The
sedimented phase was collected and evaporated to dryness under
argon flow. The residue was reconstituted with 50 uL of methanol,
and 20 uL was injected into the LC.

2.6. Analysis of certified reference materials

The method was validated using two reference materials:
infant/adult nutritional formula SRM 1849a, supplied by the
National Institute of Standards and Technology (NIST) and whole
milk powder ERM"-BD600, supplied by the Institute for Reference
Materials and Measurements (IRMM). The samples were saponi-
fied (according to the procedure indicated by suppliers) in dupli-
cate. All operations were performed in subdued light. Fifty
milligrams of the sample was weighed and 25 mg of ascorbic acid,
50 mL of methanol and 5 mL of potassium hydroxide solution
(50 g/100 mL) were added. Saponification was carried out in the
absence of light, at room temperature overnight (approximately
16 h). Aliquots were filtered using 0.45 pm PVDF filters for sub-
sequent DLLME, using 0.2 mL of the extract plus 1.8 mL 1:1
methanol:isopropanol, as dispersant solvent.

3. Results and discussion
3.1. Chromatographic separation

The optimization of the chromatographic separation was carried
out using a palm oil sample extracted by PLE and fortified with the
four tocopherols. Several reversed-phase (RP) stationary phases
including Cg and Cyg (both endcapped and non-endcapped), such
as Zorbax Eclipse XDB-Cg (15 cm x 0.46 cm x 5 pm), Zorbax ODS
endcapped (15 cm x 0.46 cm x 5 pm) and Zorbax Eclipse ODS non-
endcapped (25cm x 0.46 cm x 5 um) were compared. T and T3
were separated into two groups because of their different polarity
and saturation degree of the side chain. In RP-LC, the tocopherols
eluted later than tocotrienols because of their lower polarity. With
all these stationary phases, good separation was achieved for all
tocols with the exception of the band pair corresponding to - and
y-T, for which none of the assayed mobile and stationary phases
provided good resolution. An Ascentis® Express F5 filled with
dimethylpentafluorophenylpropyl (15 cm x 0.46 cm x 5 pm) was
then tested. This stationary phase is packed with electron-deficient

phenyl rings due to the presence of electronegative fluorines. In
addition, F5 phases also retain compounds by polar interactions. As a
result of their having both polar and non-polar character, F5 phases
retain hydrophobic compounds less than C18, and are ideal for
the separation of closely related compounds, such as the isomers
g- and y-T.

Several mobile phases corresponding to mixtures of methanol
and water in different percentages were assayed. A 85:15 (v/v)
methanol:water mixture in isocratic mode led to the elution of the
tocols with appropriate retention times, between 5.2 and 15.5 min,
leading to complete resolution of the isomers band pair of g- and
v-T, which cannot be resolved in most published procedures. The
mobile phase flow-rate was maintained at 1.0 mL min~'. Table 1
summarizes the order of elution, retention times and retention
factors for the analytes in the selected conditions.

3.2. APCI-MS detection

APCI was selected for ionization as vitamin E forms are neutral
and non-volatile compounds of low polarity, thus giving higher
signals in APCI than in ESIL The optimal ionization mode was
studied using a full-scan of each analyte, and maximum sensitivity
was obtained operating in negative ion mode for all isomers,
obtaining the deprotonated molecular ion [M-H]~ as base peak.
Then, optimization of the mass-to-charge ratio values was carried
out in the selected ion monitoring (SIM) mode and the m/z
corresponding to the ions were m/z 429.5 for o-T, m/z 415.5 for
B-T and y-T, m/z 401.4 for 5-T, m/z 423.5 for «-T3, m/z 409.5 for y-T3
and m/z 395.4 for 5-T3.

3.3. Optimization of the PLE technique

Vitamin E is generally extracted from a food matrix using
organic solvents or by alkaline hydrolysis, which improves extrac-
tability although significant losses may occur unless protected
from oxidation [7,9]. As an alternative, tocols may be extracted by
a PLE technique, which decrease solvent volume, extraction time
and facilitates automation. Several extraction organic solvents,
such as acetonitrile, methanol and a methanol:isopropanol mix-
ture were tried and slightly higher recoveries were obtained using
the 1:1 (v/v) methanol:isopropanol mixture, which was selected.
Extractions were performed at 50, 70, 80 and 90 °C at a pressure of
1600 psi. However, high temperatures might affect thermo-labile
compounds and, due to the thermal instability of vitamin E,
a value of 50 °C was selected to avoid losses. The effect of elevated
pressure was tried. Thus, extractions were carried out at 1400,
1600 and 1800 psi. However, the effect of pressure on recovery
was not significant, as previously reported [2], and a pressure of
1600 psi was selected. The optimization of sample amount was
performed between 1 and 5 g sample. Recovery was highest for
a sample of 3 g, which was mixed with the drying agent hydro-
matrix celite to prevent the aggregation of sample particles. The
static time was optimized with extractions at 5, 8 and 10 min and
recoveries did not show significant differences, so a static time of

Table 1
LC parameters for the vitamin E forms.

Analyte Retention time (min) Retention factor
5-T3 52 3.9
y-T3 6.9 5.5
a-T3 8.1 6.6
5-T 9.4 7.9
B-T 1.8 10.1
v-T 12.9 111
o-T 15.5 13.7
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Fig. 1. Influence of the extractant solvent on the extraction efficiency for tocopherol
isomers and on the organic drop volume.

Table 2
Variables selected for the Taguchi design for DLLME.

Factors Level 1 Level 2 Level 3
Extractant organic volume (uL) 50 100 150
Aqueous phase volume (mL) 3 6 10
Dispersant volume (mL) 0.5 1 2
pH 3 6 9
Sodium chloride (% m/v) 0 10 25
Centrifugation time (min) 1 2 3

5min was selected. The static process can be repeated and
a number of 1, 2 and 3 extraction cycles were assayed. No
significant differences were obtained for several cycles and one
single extraction cycle was applied to decrease the total
treatment time.

3.4. Optimization of the DLLME procedure using a Taguchi design
method

The experimental variables affecting DLLME procedure were
optimized using the Taguchi method. These experiments were
carried out using diluted mango-apple juice fortified with
100 ng mL~! of tocols. First, the solvents used as extractant and
dispersant were selected, given that they should have a low
boiling temperature because the sedimented organic phase must
be evaporated and reconstituted using a solvent compatible with
RP-LC. The extractant solvents assayed were carbon tetrachloride,
chloroform and 1,2-dichloroethane (150 uL volume), using 2 mL of
dispersant solvent. Fig. 1 gives the results obtained for tocopherols,
showing higher extraction efficiency for all the isomers when
using carbon tetrachloride. The volume obtained for the organic
drop collected after centrifugation of the dispersion was smaller
for this solvent. Similar experiments were repeated to select the
optimal dispersant solvent by rapidly injecting 2 mL of each
dispersant (acetone, methanol:isopropanol, ethanol and acetoni-
trile) containing 150 uL of CCl, into 10 mL of both a fortified
diluted juice sample and a spinach extract. The volume of the
collected organic drop was similar for all dispersant solvents,
while the extraction efficiency was higher for all analytes using
acetone and 1:1 methanol:isopropanol, so the latter was selected.

The rest of the experimental variables affecting DLLME were
optimized using an orthogonal array design (OAD), the Taguchi
method, which was applied for six factors (each factor at three
levels), as shown in Table 2. The proposed OAD considers the

Factor level
01 02 03 A1 A2 A3 D1 D2 D3
150 | A L A A L A A |
-
//
100 A -
/? - O

50—{%‘\"\./"//

Mean
o

100 -

- —s———- ot -

- P T -

50-\’__, .

0 T T T T T T T T

PH1 PH2 PH3 I 12 13 ¢ c2 c3
Factor level

Fig. 2. Effects of factor levels of the extractant organic volume (O), aqueous phase
volume (A), disperser volume (D), pH of the aqueous phase (pH), sodium chloride
concentration (1) and centrifugation time (C) on the mean response for the
extraction efficiency of tocopherols (solid lines) and the mean response for the
drop volume (dotted lines).

factors without their interactions with 27 different trials. On the
other hand, the temperature, extraction time and stirring were not
considered as variables, as equilibrium was rapidly reached. The
centrifugation speed was fixed at 3000 rpm.

Fig. 2 shows the effects of the six factor levels on the mean
response for the extraction efficiency of tocopherols (solid lines)
and the mean response for the drop volume (dotted lines).
The extraction efficiency increased up to 100-150 uL of carbon
tetrachloride volume (depending on the sample), while it decreased
for higher volumes due to the dilution effect; therefore, a 150 uL
volume was selected. The variation of the aqueous phase volume led
to an almost constant peak area for all the range studied, and a
volume of 10 mL was chosen. The increase in the volume of the
dispersant solvent produced a continuous increase in the sensitivity
and a 2 mL volume was selected. The variation of the pH between
3 and 9 with 0.01 M bulffer solutions shows that optimal results were
obtained at pH 3. The volume of the sedimented organic solvent did
not vary and no significant differences in the analytical signals were
observed. Extraction efficiency slightly decreased when the salt
concentration was increased and, thus, the addition of NaCl to the
extraction solution was discarded. The centrifugation time necessary
to disrupt the cloudy solution and collect the sedimented phase
caused higher peak areas for higher values and a time of 3 min at
3000 rpm was selected.

The mean response for the drop volume shows that no
significant variations were produced when all the parameters
were varied, with the exception of the extraction solvent volume,
where the drop volume continuously increased in the range
studied.

A statistical analysis of variance (ANOVA) was performed to
discriminate which parameters significantly affect extraction effi-
ciency (Table 3). From the calculated variance ratios, F, it can be
deduced that only three factors considered in the experimental
design were statistically significant at a 95% confidence level (in all
cases the calculated F was greater than the critical value). These
variables were the dispersant volume, the extractant volume and
the pH of the aqueous solution. The most influential factors were
the volumes of both the dispersant and the extractant solvents.
The contribution of the residual error to the signal variability
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Table 3

Results of the analysis of variance for mean response and volume drop (into brackets).

Variation source Degrees of freedom Sum of squares Mean of squares F P Contribution (%)
Extractant volume (uL) 2 3038.9 (37243.6) 1519.4 (18621.8) 4.95 (35.6) 0.024 (0) 24.3 (89.6)
Aqueous volume (mL) 2 910.8 (333.4) 455.4 (166.7) 1.48 (0.32) 0.26 (0.73) 7.3 (0.8)
Dispersant volume (mL) 2 5156.5 (336.1) 2578.3 (168) 8.41 (0.32) 0.004 (0.73) 41.2 (0.8)
pH 2 2076.6 (2598.3) 1038 3 (1299.1) 3.39 (2.49) 0.063 (0.119) 16.6 (6.2)
NacCl (% w/v) 2 141.9 (389.4) 1(194.7) 0.23 (0.37) 0.796 (0.696) 1.1 (0.9)
Centrifugation time (min) 2 1184.9 (680.5) 592 5 (340.3) 1.93 (0.65) 0.182 (0.536) 9.5 (1.6)
Error 14 4293.9 (7314.1) 306.7 (522.4)
Total 26 16803.4 (48895.4)
Table 4
Calibration parameters for tocopherols.
&-T B-T y-T o-T
Fluorescence detection
Linear range (ng mL™ ) 1-50 1-50 1-50 5-100
Intercept —0.95+0.31 —0.52+0.32 0.42 +0.28 —0.41+0.22
Slope (mLng~') 2.02 +0.01 1.22 + 0.06 1.68 + 0.03 0.31 +0.01
Sy/x 0.26 0.32 0.46 1.6
Detection limit (ng mL~') 0.15 0.21 0.32 11
APCI-MS detection
Linear range (ng mL~ ") 1-50 1-50 1-50 1-50
Intercept ( x 10°) 52+09 42+06 1.7 +0.7 -23+10
Slope ( x 10 mLng~") 11.9+0.48 15.1+0.28 16.0 +0.37 15.1 + 0.46
Sy/x 0.41 035 0.23 0.48
Detection limit (ng mL~1) 0.21 0.20 0.25 0.32

indicates the goodness of the experimental design used. On the
other hand, the only parameter having a significant effect on the
drop volume was the organic extractant volume, as can be
deduced from the variable values in brackets.

3.5. Validation of the method

The method was validated for linearity, detection and quanti-
fication limits, selectivity, recovery, accuracy, precision and robust-
ness, according to international guidelines [51]. Calibration graphs
were obtained by the external standard procedure using DLLME
and LC-fluorescence by least-squares linear regression analysis of
the peak area versus analyte concentration using 10 levels (1-100
ng mL~") in duplicate experiments. The linearity of the method was
assessed from 1-50 ng mL~ "' for the isomers p-, y- and 5-T and in the
range 5-100 ng mL~! for «-T, due to the lower fluorescence intensity
for this isomer. The results obtained are summarized in Table 4. The
sensitivity of the method was evaluated by calculating the limits of
detection (LOD, for a signal-to-noise ratio of 3), which are also shown
in Table 4.

Calibration graphs were also obtained by using DLLME and LC-
APCI-MS in the SIM mode of the negative fragment ions and the
results obtained are also summarized in Table 4, as well as the LOD
values. The linearity of the method was in the range 1-50 ng mL~!
for all the tocopherols. Tocotrienols were quantified using the
calibration equations of the corresponding tocopherols.

The selectivity of the method was judged from the absence of
interfering peaks at the elution times of the tocols for chromato-
grams of different samples. The performance criteria from
EU Commission Decision (2002/657/EC) [51] established the use
of co-chromatography to improve the identification of analytes.
Thus, the extract prior to LC was divided into two parts, one being
directly chromatographed while the other was fortified with the
standards and analyzed. To comply with the EU Decision [51], the
variability in the fluorescence spectra of the tocols in the samples

were not visibly different from the spectra of the calibration
standards. Consequently, no matrix compounds existed that might
cause interference in the samples. The selectivity was also con-
firmed by the LC-APCI-MS spectra.

A precision study was carried out on the basis of repeatability,
calculated by using the relative standard deviation (RSD) from
a series of ten consecutive DLLME followed by LC analyses of
a sample spiked with all the analytes at 25 ng mL~'. The RSD
values ranged between 5.4% and 7.5%. These values indicate that
the precision of the method was satisfactory for control analysis
purposes.

3.6. Matrix effect and recovery study

The matrix effect was first evaluated for the DLLME and
LC-fluorescence procedure by comparing the slopes of aqueous
standards and standard additions calibration graphs for the
different food samples, obtained by plotting concentration (at six
levels) against peak area and following linear regression analysis.
A statistical study was carried out using one-way variance analysis
(ANOVA) and the presence of a matrix effect was discarded
because the “P” values obtained were higher than 0.05 for all the
analytes. Consequently, calibration and analysis of the samples
using fluorescence detection must be performed using aqueous
standards.

Moreover, matrix interferences are very important in quanti-
tative analysis with APCI and can produce the signal suppression
of the analytes due to co-eluting compounds. This phenomenon
may affect the reproducibility, linearity and accuracy of the
method. However, since blank samples were not available, quan-
tification was carried out using the standard additions method
[43]. Standard additions were performed according to EU [51] by
analyzing one portion of the sample as such, while known
amounts of the standard analytes were added to the other test
portions before analysis by DLLME followed by LC.
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The accuracy of the method was tested by fortifying three
samples (spinach, corn and mango-apple juice) with tocopherol
amounts of 50 and 100 ng g~ !. The recoveries obtained were in
the range 90-108%, with RSD lower than 6.7% in all cases (Table 5).

3.7. Analysis of food products and validation using certified reference
materials

The proposed method was used for the determination of
tocopherols and tocotrienols in different fruits and vegetables.
Food samples were extracted by PLE and submitted to analysis.
Fig. 3 shows the chromatograms obtained using DLLME and LC
with APCI-MS detection in SIM mode for (A) a mixture containing
the tocopherol standards and tocotrienols (from the palm oil
extract), (B) a spinach extract, (C) a corn sample and (D) the
1849a CRM, as well as the mass spectra of the extracted ions for

Table 5
Recoveries® from different samples (%).

Sample Spike level (ngg~") «T p-T y-T 5T
Spinach 50 108+7 94+4 102+3 101+6
100 100+5 9745 107+5 10544
Corn 50 101+6 93+5 96+5 108+7
100 96+5 101+6 92+4 98+7
Mango-apple juice 50 98+6 98+5 99+4 103+6
100 104+7 90+5 102+5 93+5

2 Mean value + standard deviation (n=3).
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each one of the peak isomers. Similar chromatograms were
obtained for the other samples. The elution profiles obtained
demonstrated the absence of interfering compounds eluting at
the retention times of the different tocols. Comparison of the
retention times for the compounds in the standard mixture and
the fortified samples and, especially, the MS spectra, allowed the
identification of the vitamin E forms. On the other hand, the
chromatograms obtained using fluorescence detection also
demonstrated the agreement between spectra for the standards,
the samples and the fortified samples.

Table 6 shows the tocopherol and tocotrienol contents obtained
using the standard additions method to the food samples when
using APCI-MS detection. The results were similar when the
fluorescence detector was used. Among vegetables and fruits,
a-T levels were relatively high in spinach, cranberry and mango.
y-T was higher than «-T in some products, including corn and
pomegranate. T3s were found in some plant foods but usually at
levels lower than those of Ts. However, y-T3 was the predominant
vitamin E form in corn, cranberry and pomegranate, as indicated
by other authors [52].

Finally, the accuracy and reliability of the method was further
checked by analyzing two certified reference materials, infant/
adult nutritional formula SRM 1849a (NIST) and whole milk
powder ERM®-BD600 (IRMM). Table 6 shows the results obtained.
The contents for the vitamins obtained by the proposed DLLME
and LC-APCI-MS methods were in agreement with the certified
contents. The statistical study using the paired t-test showed
that there was no significant difference (95% confidence interval)

MS signal
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Fig. 3. Chromatograms obtained using DLLME followed by LC-APCI-MS in SIM mode for (A) a mixture containing the tocopherol standards and tocotrienols (from the palm
oil extract), (B) a spinach extract, (C) a corn sample and (D) the 1849a CRM, and the mass spectra of the extracted ions for the peak isomers.
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Table 6

Content of tocopherols and tocotrienols in plant foods and certified reference materials determined by DLLME and LC-MS.

Food sample Content (pg kg™")

o-T p-T y-T §-T a-T3 y-T3 5-T3
Spinach 284 + 13 8+0.1 83+3 ND ND ND ND
Corn ND 143+ 10 408 + 20 81+4 753 +21 2630+ 79 744 + 31
Cranberry 117 +5 ND 74 +3 ND ND 334+ 12 93+3
Pomegranate ND ND 7+1 21+2 9+0.7 56+4 ND
Mango-apple juice 319+19 20+2 10+1 39+3 16+1 ND ND

o-T (mg kg~ 1)

CRM DLLME and LC-MS Certified value
SRM 1849a 204+6 177 + 47 (added as o-T acetate)
ERM-BD600 72+4 86 + 15 (added as o-T)

between the results obtained and the certified values (P value
obtained was 0.805). These data also confirm the efficacy of the
extraction procedure for recovering both free supplemented and
endogenous tocopherols in the samples.

4. Conclusion

The hyphenation of different sample preparation techniques is
a recent strategy in analytical chemistry. The combination of PLE,
which is an emerging greener technique based on extraction using
liquid solvents at elevated temperature and pressure, with
a miniaturized analytical technique as DLLME, which uses low
amounts of solvents for extracting analytes, makes it possible to
extract and determine tocopherols and tocotrienols, according to
the priorities of green chemistry. The combination with LC using
a dimethylpentafluorophenylpropyl stationary phase permits the
separation of all the isomers with good resolution. The agreement
between fluorescence spectra, the expected retention time and
APCI-MS spectra allows a reliable identification of different forms
of vitamin E in food samples.

Acknowledgments

The authors acknowledge the financial support of the Comunidad
Auténoma de la Region de Murcia (CARM, Fundacién Séneca, Project
15217/P1/10) and Hero Espafia, S.AM. Bravo-Bravo acknowledges a
contract from University of Murcia.

References

[1] A. Mustafa, C. Turner, Anal. Chim. Acta 703 (2011) 8.

[2] V. Camel, Analyst 126 (2001) 1182.

[3] L. Ramos, E.M. Kristenson, U.A.T. Brinkman, J. Chromatogr. A 975 (2002) 3.

[4] M. de la Guardia, S. Armenta, in: M.D.L. Guardia, S. Armenta (Eds.), Compre-
hensive Analytical Chemistry, Volume 57, Elsevier, Amsterdam, 2011.

[5] M. Rezaee, Y. Yamini, M. Faraji, ]. Chromatogr. A 1217 (2010) 2342.

[6] R.R. Eitenmiller, J. Lee, Vitamin E, Food Chemistry, Composition, and Analysis,
Marcel Dekker Inc., New York, 2004.

[7] A.M. Lampi, Analysis of tocopherols and tocotrienols by HPLC, Selected Topics
in the Analysis of Lipids, The AOCS Lipid Library, ¢http://lipidlibrary.aocs.org/
topics/tocopherols/index.htm).

[8] S.L. Abidi, J. Chromatogr. A 881 (2000) 197.

[9] EJ. Ruperez, D. Martin, E. Herrera, C. Barbas, J. Chromatogr. A 935 (2001) 45.

[10] M. Diack, M. Saska, J. Am. Oil Chem. Soc. 71 (1994) 1211.

[11] C. Rentel, S. Strohschein, K. Albert, E. Bayer, Anal. Chem. 70 (1998) 4394.

[12] S. Strohschein, C. Rentel, T. Lacker, E. Bayer, K. Albert, Anal. Chem. 71 (1999)
1780.

[13] D.B. Gomis, M.P. Fernandez, M.D. Gutiérrez Alvarez, . Chromatogr. A 891
(2000) 109.

[14] B. Rodas Mendoza, S. Morera Pons, A.l. Castellote Bargall, M.C. Lopez-Sabater,
J. Chromatogr. A 1018 (2003) 197.

[15] J.L. Chdvez-Servin, A.L Castellote Bargallé, M.C. Lopez-Sabater, ]. Chromatogr. A
1122 (2006) 138.

[16] EJ. Barba, M. Esteve, A. Frigola, Eur. Food Res. Technol. 232 (2011) 829.

[17] A. Kamal-Eldin, S. Gorgen, J. Pettersson, A.M. Lampi, J. Chromatogr. A 881
(2000) 217.

[18] A. Fratianni, M.E. Caboni, M. Irano, G. Panfili, Eur. Food Res. Technol. 215 (2002) 353.

[19] G. Panfili, A. Fratianni, M. Irano, J. Agric. Food Chem. 51 (2003) 3940.

[20] U. Holler, D. Wolter, P. Hofmann, V. Spitzer, J. Agric. Food Chem. 51 (2003)
1539.

[21] S.L. Abidi, J. Am. Oil Chem. Soc. 80 (2003) 327.

[22] M. Ryyndnen, A. Lampi, P. Salo-Vddndnen, V. Ollilainen, V. Piironen, J. Food
Comp. Anal. 17 (2004) 749.

[23] A. Gliszczynska-Swiglo, E. Sikorska, J. Chromatogr. A 1048 (2004) 195.

[24] G. Horvath, L. Wessjohann, J. Bigirimana, M. Jansen, Y. Guisez, R. Caubergs,
N. Horemans, Phytochemistry 67 (2006) 1185.

[25] P. Sookwong, K. Nakagawa, K. Murata, Y. Kojima, T. Miyazawa, J. Agric. Food
Chem. 55 (2007) 461.

[26] H. Schwartz, V. Ollilainen, V. Piironen, A. Lampi, ]. Food Comp. Anal. 21 (2008) 152.

[27] M.M. Nielsen, A. Hansen, Cereal Chem. 85 (2008) 248.

[28] R.C. Alves, S. Casal, M.B.P.P. Oliveira, Food Sci. Technol. Int. 15 (2009) 57.

[29] B. Butinar, M. Bucar-Miklavcic, C. Mariani, P. Raspor, Food Chem. 128 (2011) 505.

[30] M.N. Irakli, V.F. Samanidou, LN. Papadoyannis, J. Sep. Sci. 34 (2011) 1430.

[31] H.M. Pinheiro-Sant’Ana, M. Guinazi, D. da Silva Oliveira, C. Mattos Della Lucia,
B. de Lazzari Reis, S.C. Cardoso Brandao, J. Chromatogr. A 1218 (2011) 8496.

[32] N. Grebenstein, J. Frank, ]J. Chromatogr. A 1243 (2012) 39.

[33] M.M. Delgado-Zamarrefio, M. Bustamante-Rangel, A.
R. Carabias-Martinez, J. Chromatogr. A 1056 (2004) 249.

[34] M.M. Delgado-Zamarrefio, M. Bustamante-Rangel, M. Garcia-Jiménez,
A. Sanchez-Pérez, R. Carabias-Martinez, Talanta 70 (2006) 1094.

[35] M.M. Delgado-Zamarrefio, M. Bustamante-Rangel, S. Sierra-Manzano,
M. Verdugo-Jara, R. Carabias-Martinez, ]. Sep. Sci. 32 (2009) 1430.

[36] W.M. Stoggl, C.W. Huck, H. Scherz, M. Popp, G.K. Bonn, Chromatographia 54
(2001) 179.

[37] A. Kalman, C. Mujahid, P. Mottier, O. Heudi, Rapid Commun. Mass Spectrom.
17 (2003) 723.

[38] O. Heudi, M. Trisconi, CJ. Blake, J. Chromatogr. A 1022 (2004) 115.

[39] Z. Hao, B. Parker, M. Knapp, L. Yu, ]. Chromatogr. A 1094 (2005) 83.

[40] M. Bustamante-Rangel, M.M. Delgado-Zamarrefio, A. Sanchez-Perez,
R. Carabias-Martinez, Anal. Chim. Acta 587 (2007) 216.

[41] S.A.Lanina, P. Toledo, S. Sampels, A. Kamal-Eldin, ].A. Jastrebova, J. Chromatogr.
A 1157 (2007) 159.

[42] A. Lampi, T. Nurmi, V. Ollilainen, V. Piironen, ]J. Agric. Food Chem. 56 (2008)
9716.

[43] A. Gentili, F. Caretti, ]. Chromatogr. A 1218 (2011) 684.

[44] European Standard CSN EN 12822, Foodstuffs — determination of vitamin E by
high performance liquid chromatography - measurement of o-, f-, y- and
5-tocopherols, European Committee for Standardization, Brussels, 2000.

[45] G. Gora-Maslak, R. Mindrup, Supelco Rep. 16 (No. 4) (1997) 10.

[46] R.C. Alves, S. Casal, M.B.P.P. Oliveira, Food Sci. Technol. Int. 15 (2009) 57.

[47] H.R. Sobhi, Y. Yamini, A. Esrafili, RH.H.B. Abadji, ]. Chromatogr. A 1196 (2008) 28.

[48] Q. Xie, S. Liu, Y. Fan, X. Zhang, Food Anal. Methods (2013), http://dx.doi.org/
10.1007/s12161-013-9592-x.

[49] B. Shammugasamy, Y. Ramakrishnan, H.M. Ghazali, K. Muhammad, J. Chro-
matogr. A 1300 (2013) 31.

[50] G.S. Peace, Taguchi Methods: A Hands-on Approach, Addison-Wesley, Reading,
MA, 1993.

[51] Commission Decision (2002/657/EC) of 12 August 2002 implementing Council
Directive 96/23/EC concerning the performance of analytical methods and the
interpretation of results, Off. J. Eur. Comm., vol. L 221, Brussels, Belgium.

[52] J. Chun, J. Lee, L. Ye, J. Exler, RR. Eitenmiller, J. Food Compos. Anal. 19 (2006) 196.

Sanchez-Pérez,





