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In the present work a simple, reliable and affordable sample treatment method for the simultaneous
analysis of tocopherols and free phytosterols in nuts was developed. Analyte extraction was carried
out using the QUEChERS methodology and analyte separation and detection were accomplished using
HPLC-DAD. The use of this methodology for the extraction of natural occurring substances provides
advantages such as speed, simplicity and ease of use. The parameters evaluated for the validation of
the method developed included the linearity of the calibration plots, the detection and quantification lim-
its, repeatability, reproducibility and recovery. The proposed method was successfully applied to the
analysis of tocopherols and free phytosterols in samples of almonds, cashew nuts, hazelnuts, peanuts,
tiger nuts, sun flower seeds and pistachios.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

Nuts are a food group that should form part of healthy nutrition,
such as in the Mediterranean diet. In general, nuts are
energy-dense and provide 23.4 to 26.8 k]/g of food, with a high
fat content (45-75% of weight), although such fat is mostly unsat-
urated fat (Vadivel, Kunyanga, & Biesalski, 2012). Nuts are also rich
sources of a wide range of nutrients and bioactive compounds such
as vitamins, phytosterols, and many different flavonoids. Recent
studies have demonstrated that the bioactive constituents of
whole nuts have cardioprotective (Urpi-Sarda et al., 2012;
Casas-Agustench, Lépez-Uriarte, Ros, Bull6, & Salas-Salvado,
2011), hypocholesterolemic (Mukuddem-Petersen, Oosthuizen, &
Jerling, 2005), antiobesity (Martinez-Gonzalez & Bes-Rastrollo,
2011), anticancer (Yang, Liu, & Halim, 2009), and antioxidant
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effects (Lopez-Uriarte et al., 2010), all mediated by several different
mechanisms.

Vitamin E belongs to a group of structurally similar compounds
known as tocopherols and tocotrienols. They are chroman phenolic
derivatives, with a long hydrocarbon chain; they are saturated, in
the case of tocopherols, or unsaturated, resulting in tocotrienols.
Within each of these groups, the vitamers o, B, v and 3, differ in
the number and position of the methyl group on the aromatic ring.
All of them show biological activity, a-tocopherol having the great-
est potency of all of them. The main function of vitamin E is its nat-
ural antioxidant capacity; it is considered to be one of the most
efficient biological antioxidants in breaking the chain reaction of
free radicals.

Phytosterols are bioactive components of all plant foods, similar
in terms of both function and structure to cholesterol. In plants,
more than 200 different types of phytosterols have been reported,
the most abundant being B-sitosterol, campesterol and stigmas-
terol (Brufau, Canela, & Rafecas, 2008). Phytosterols decrease the
levels of serum low-density lipoprotein (LDL cholesterol), and
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hence protect against cardiovascular diseases. Other beneficial
activities related to phytosterols include their anti-cancer proper-
ties and their anti-atherosclerotic, anti-inflammatory, and
anti-oxidative effects (Lagarda, Garcia-Llatas, & Farré, 2006).
Tocopherols and sterols are usually determined separately in
foods, using different techniques (Kalogeropoulos et al., 2010;
Chirinos et al., 2013). Liquid chromatography, in the normal (Lee
& Lee, 2006; Lee et al, 2012) or reversed phase
(Bustamante-Rangel, Delgado-Zamarreiio, Sanchez-Pérez, &
Carabias-Martinez, 2007; San Andrés, Otero, & Vera, 2011) modes,
is the technique most frequently used in tocopherol analysis. For
phytosterols, gas chromatography, with flame ionization (Laakso,
2005; Iafelice, Verardo, Marconi, & Caboni, 2009) or mass spec-
trometry (Santos et al., 2007; Lu, Zhang, Wu, & Shi, 2007) detection
of the trimethylsilyl ether derivatives, is the most widely employed
technique. Sample preparation for the analysis of both tocopherols
and phytosterols generally includes solvent extraction (Wall, 2010;
Pinheiro-Sant’Ana et al., 2011), almost always preceded by a
saponification step (Lanina, Toledo, Sampels, Kamal-Eldin, &
Jastrebova, 2007; Rocco & Fanali, 2009; Da Costa, Ballus,
Teixeira-Filho, & Teixeira Godoy, 2010) or Soxhlet extraction
(Kornsteiner, Wagner, & Elmadfa, 2006). Recently, other methods

such as solid-phase extraction (Grigoriadou, Androulaki,
Psomiadou, & Tsimidou, 2007), solid-phase microextraction
(Balme & Giilagar, 2012), pressurized liquid extraction

(Delgado-Zamarrefio, Bustamante-Rangel, Garcia-Jiménez,
Sanchez-Pérez, & Carabias-Martinez, 2006; Jonnala, Dunford, &
Dashiell, 2006), supercritical fluid extraction (Vagi et al., 2007;
Nyam, Tan, Lai, Long, & Che Man, 2010) and microwave extraction
(Xiao, Yuan, & Li, 2013) have been used. To our knowledge, there
are few references in which simultaneous analysis of tocopherols
and phytosterols has been carried out (Lopez Ortiz, Prats Moya, &
Berenguer Navarro, 2006; Zarrouk, Carrasco-Pancorbo, Zarrouk,
Segura-Carretero, & Fernandez-Gutiérrez, 2009; Slavin & Yu,
2012). In these works, sample treatment included saponification
and extraction of the analytes, and separation was performed using
HPLC.

The duration of these extractions range from 30 min to over-
night. Moreover, in some cases a previous saponification step is
carried out. The saponification step is always followed by the
extraction of tocopherols or phytosterols from the unsaponifiable
matter, evaporation of the extraction solvent, and reconstitution
in a new solvent compatible with the chromatographic system.
In most cases, the solvents used for analyte extraction of were
n-hexane, diethyl ether or chloroform, which not environmental
friendly.

The aim of this work was to develop a simple, reliable and
affordable sample treatment method for the simultaneous analysis
of tocopherols and phytosterols from nuts, avoiding a saponifica-
tion step and using an environmental friendly solvent. Analyte
extraction was carried out using the QuEChERS methodology,
developed by Anastassiades, Lehotay, Stajnbaher, and Schenck
(2003), consisting of acetonitrile extraction followed by dispersive
solid-phase extraction (d-SPE). Analyte separation and detection
were achieved by HPLC-DAD. The use of this methodology for
the extraction of naturally occurring substances provides advan-
tages such as: speed, simplicity and ease of use with respect other
methods.

2. Experimental

2.1. Chemicals

Tocopherols - &-tocopherol (8-TOC, CAS RN 119-13-1),
v-tocopherol (y-TOC, CAS RN 54-28-4), a-tocopherol (a-TOC, CAS

RN 10191-41-0), sterols - brassicasterol (BRA, CAS RN 474-67-9),
campesterol (CA, CAS RN 474-62-4), stigmasterol (ST, CAS RN
83-48-7) and B-sitosterol (B-SIT, CAS RN 83-46-5), with
2,6-di-tert-butyl-4-methylphenol (BHT, CAS RN 128-37-0) as an
internal standard - were purchased from Sigma-Aldrich
(Steinheim, Germany). Stock solutions of each standard were pre-
pared in methanol at concentrations ranging from 500 and
1000 mg L' and stored at —18 °C. Standard solutions were pre-
pared daily by diluting the stock solutions in methanol.

The organic solvents - acetonitrile (ACN), methanol (MeOH)
and ethanol (EtOH) - were of HPLC grade and were supplied by
Merck (Darmstadt, Germany). Anhydrous magnesium sulfate was
from Sigma-Aldrich. Sodium chloride was from Scharlau
(Barcelona, Spain). Primary secondary amine sorbent (PSA) was
from Supelco (Bellefonte, PA, USA), sorbent C18 was from Sigma,
and silica was from Merck. Ultra-high quality (UHQ) water was
obtained with a Wasserlab (Spain) water purification system. All
other chemicals used were of analytical reagent grade.

2.2. Samples

The samples analyzed, raw seeds and nuts, were purchased in
local markets. The samples were peeled, in case of almonds, hazel-
nuts, peanuts, sunflower seeds and pistachios, and all samples
(approx. 100 g) were ground with a KnifetecTM 1905 from Foss
(Barcelona, Spain) just before analysis.

Extraction, using the optimized amount in each case, was car-
ried out on an SBS automatic inversion mixer (ABT-2) (Barcelona,
Spain). The extracts were filtered through 0.22 um PVDF
(polyvinylidene fluoride) syringe filters (Scharlau).

2.3. Instrumentation

LC-DAD analyses were performed on a HP 1100 Series chro-
matograph from Agilent (Waldbronn, Germany) equipped with a
binary pump, a membrane degasser, an autosampler, and a
six-port valve. Chromatographic separation was achieved under
isocratic  conditions, wusing a Zorbax Eclipse XDB-C18
(4.6 x 150 mm, 5 pm) column (Agilent). The mobile phased con-
sisted of a mixture of methanol and UHQ water (98:2, v/v), at a
flow rate of 1.3 mL min~". The analytical column was thermostat-
ted at 25 °C, and the injection volume was 20 pL.

Detection was carried out on a Diode Array Detection (DAD) set
at 205 nm. The full spectra were recorded in the 190-400 nm
range. The system was controlled by HP ChemStation software,
which also performed data collection from the DAD and quantita-
tive measurements.

2.4. Sample preparation (QUEChERS extraction method)

For sample preparation with the QUEChERS extraction method,
1.0 to 3.0 g (depending on the kind of sample) of ground sample
was placed in a 50-mL plastic centrifuge tube with a screw cap.
Extraction was carried out as follows: first, 10 mL of MeOH was
added and the mixture was shaken for 5 min using an automatic
inversion mixer at room temperature. Following this, a mixture
of 4 g of magnesium sulfate and 1 g of sodium chloride was added.
The tube was immediately shaken vigorously for 1 min to prevent
the formation of MgSO, conglomerates, and centrifuged at
3000 rpm for 5 min. Then, 3.0 mL of the methanol fraction was
subjected to dispersive SPE using a mixture of 450 mg of MgS0,4
and 75 mg of PSA, again shaking vigorously and centrifuging for
5 min at 3000 rpm. Finally, the extract was filtered through a
0.22 um PVDF syringe filter before injection into the chromato-
graphic system.
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3. Results and discussion
3.1. Optimization of LC-DAD

The first study carried out here addressed the optimization of
the mobile phase. Different mixtures of MeOH/H,0 and ACN/H,0
were tested as mobile phases, and in nearly all cases mixtures of
methanol afforded better resolution than acetonitrile. Methanol
percentages of 95-100% were tested to achieve the best separation.
The optimum percentage of mobile phase to obtain the best reso-
lution in the least time was MeOH:H,0 (98:2, v/v). It should be
noted that, using a C18 silica bonded phase B-tocopherol and
v-tocopherol were not resolved, and nor were stigmasterol and
campesterol, as can be seen in Fig. 1.

3.2. Optimization of sample treatment

The implementation of a QUEChERS extraction method for iso-
lating these analytes in food matrices involves the optimization
of the different variables that affect the extraction and cleaning
processes. It is also important to note that the analytes studied
are naturally present in nut samples.

The extraction method used for these experiments was carried
out as described in Section 2.4 Sample preparation (QUEChERS
extraction method) in the experimental section. The parameters
studied to optimize extraction were the type of extraction solvent,
the amount of sample, the type of agitation, the extraction time,
and the clean-up step.

3.2.1. Optimization of the type of extraction solvent

Considering the low polarity of the analytes, the solvents tested
were ACN, MeOH, EtOH and ACN/MeOH (1:2, v/v). As can be seen
in Fig. 2, the solvent with which the highest signal was obtained
was EtOH. However, the chromatograms obtained did not have
adequate resolution. In contrast, injections of the extracts obtained
using methanol exhibited much better defined peaks, and hence
this was chosen as the extraction solvent.
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3.2.2. Optimization of sample amount

QuEChERS methodology proposes sample amounts between 5
and 10 g, to which water is added, depending on the humidity con-
tent (Anastassiades et al., 2003). Taking into account that nut sam-
ples are fairly dry, the extraction of some water-wetted samples
was tested in order to increase the contact between the matrix
and the solvent, but the amount of analytes extracted decreased
considerably. It is possible that the polarity of methanol in the
presence of humidity increased too much and hence the extraction
of low-polarity analytes decreased.

Thus, extracts of all the sample types were analyzed in their
natural state without the addition of water, weighing amounts
ranging between 0.5 and 5 g. Saturation of the extraction solvent
was observed in almost all cases. In light of the results, it was
determined that the optimum sample amount for sunflower seeds,
peanuts, cashews and tiger nuts should be 3 g; for almonds, 2 g,
and finally, for pistachios and hazelnuts, 1 g.

3.2.3. Optimization of type of agitation

In order to achieve the best extraction efficiency, different
methods were used to place the sample and the extraction solvent
in contact. For this, the following agitation systems were tested: an
automatic inversion mixer, a thermostatted shaking tray, an ultra-
sound bath at room temperature and thermostatted, an ultrasound
probe, and vortexing. In the systems that allow thermostat control
- shaking tray and ultrasound bath - the temperature selected was
50 °C. This temperature was chosen taking into account the ther-
molability of some analytes. A study of different modes of agitation
was performed for all the samples, with varying results, depending
on each matrix. However, it was noted that the automatic inver-
sion mixer allowed the extraction of the greatest number of ana-
lytes as well as the highest amount of them. As an example Fig. 3
shows the influence of the agitation mode on the signal corre-
sponding to B-sitosterol for tiger nut samples.

3.2.4. Optimization of extraction time and clean-up
The QUEChERS methodology allows analyte extraction in about
1 min. Taking into account that the analytes studied were already
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Fig. 1. Chromatogram of a standard solution of tocopherols and sterols. Chromatograms obtained after application of the method to a sample of almonds, peanuts and

pistachios.
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Fig. 2. Influence of solvent extraction on the analytical signal of p-sitosterol.

present naturally in the samples, it was tested whether increases in
the extraction time might increase the efficiency of extraction.
Thus, extractions were carried out using times ranging from 1 to
10 min. It was observed that the extraction time did not affect
the analytical signal very much, except in the case of peanuts,
where higher analytical signals were reached in 5 min. Thus, this
was chosen as the optimal time for all samples.

Finally, to study the d-SPE step, different solid sorbents, includ-
ing PSA, C18 and silica sorbents, were evaluated using the proce-
dure described in Section 2.4. The results were very similar in all
cases. In light of these, PSA was selected as the clean-up solid sor-
bent. It should be noted that the time taken for the treatment of all
samples was less than 20 min.

3.3. Method validation

In order to apply the method for the determination of toco-
pherols and phytosterols in real samples of seeds and nuts, a vali-
dation procedure was used. The parameters evaluated for the
validation of the method were recovery, repeatability and repro-
ducibility. Quantification was performed on the basis of the inter-
nal standard method. Several analytes were tested as internal
standards: cholesterol, PMC (2,2,5,7,8-pentamethyl-6-chromanol),
BHA (Butylated Hydroxyanisole), apigenin and BHT (Butylated
Hydroxytoluene). The latter was chosen as the IS because, under
the working conditions, it was eluted sufficiently separated from
the rest of analytes.
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Table 1
Analytical characteristics of the method.

Analyte Ordinate Slope R? LOD* (mgL™!) LOQ"
at the origin (Lmg=11072) (mgL™1)
3-TOC —0.01 £0.02 2.62 +£0.07 0.999 0.21 0.69
v-TOC —-0.02 +£0.03 3.6+0.1 0.998 0.04 0.15
a-TOC 0.004 £0.016 3.40+0.07 0.999 0.08 0.26
BRA —0.003 £0.004 0.503+0.006 0.999 0.74 2.47
ST+ CA 0.02 +0.03 0.047 £ 0.05 0.980 0.51 1.70
B-SIT —0.02 £ 0.02 0.315+0.007 0.999 0.82 2.75

¢ OD: Detection limit for a ratio of S/R = 3.
 LOQ: Quantification limit for a ratio of S/R = 10.

3.3.1. Calibration curves and detection limits

Calibration graphs were obtained by triplicate injections of
standard mixtures of the target tocopherols and phytosterols con-
taining the IS, at concentration levels ranging from 0.2 to 70 mg L™!
for tocopherols and from 1 to 100 mg L~! for phytosterols except
for B-sitosterol, which ranged from 20 to 500 mg L~ These ranges
were chosen taking into account the expected levels in the samples
analyzed. The concentration of the IS was 20 mg L~. The results for
the intercept, slope and correlation coefficient (R?) are summarized
in Table 1. A good linear correlation coefficient (R? > 0.998) was
observed between the peak area ratio and the standard
concentration.

Detection and quantification limits were calculated on the basis
of a signal-to-noise ratio (S/N) of 3 and 10 respectively. The detec-
tion limits ranged from 0.04 to 0.82 mg L™}, the quantification lim-
its ranged from 0.15 to 2.75mglL~! for 7-tocopherol and
B-sitosterol, respectively.

In the absence of certified or standard materials, the method
was validated by measuring the percentage of recovery after the
addition of known amounts of standard to the same samples:
almonds, peanuts and tiger nuts. Recovery studies performed in
triplicate were carried out by spiking samples of nuts, before sam-
ple treatment, with the seven analytes studied at concentration
levels close to those present in the original samples, and the IS.
When tocopherols or phytosterols were not detected in the sam-
ples, the fortification level was 20 mg L. In all cases, the recovery
values obtained were satisfactory, ranging from 71% to 116%
(Table 2).

The repeatability and reproducibility of the method were eval-
uated. Repeatability was evaluated as the intra-day precision, by
analyzing samples of almonds, peanuts and tiger nuts in quadrupli-
cate on the same day, following the optimized procedure.
Reproducibility was checked as the precision on different days
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Fig. 3. Influence of agitation mode on the analytical signal corresponding to the B-sitosterol for tiger nut samples.
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Table 2
Recovery, repeatability and reproducibility of the method.
Analyte Almonds Peanuts Tiger nuts
Intra-day*® Inter-day” Recovery (%) Intra-day*® Inter-day® Recovery (%) Intra-day® Inter-day” Recovery (%)
v-TOC 5 17 73t4 3 13 71+4 2 8 80+5
o-TOC 3 17 72+£3 - - 715 4 8 78+2
ST +CA - - 116+9 116 £ 10 4 5 80+7
B-SIT 2 15 98+7 2 10 1169 3 4 74+8
2 Repeatability: intraday precision as RSD%.
b Reproducibility: interday precision as RSD%.
Table 3 References
Contents of analyte (mg/100 g) of different seed and nut samples.
Anastassiades, M., Lehotay, S. J., Stajnbaher, D., & Schenck, F. J. (2003). Fast and easy
mg/100 g multiresidue method employing cetonitrile extraction/partition and “dispersive
B+7y-TOC  o-TOC BRA ST+CA  B-SIT solid-phase extraction” for the determination of pesticide residues in produce.
Journal of AOAC International, 86, 412-431.
Almonds 0.7+0.7 11805 nd. n.d. 107 £4 Balme, S., & Giilacar, F. 0. (2012). Rapid screening of phytosterols in orange juice by
Cashew nuts 1.5+£0.5 n.d. n.d. n.d. 73+3 solid-phase microextraction on polyacrylate fibre derivatisation and gas
Hazelnuts n.d. 6+1 n.d. n.d. 1619 chromatographic-mass spectrometric. Food Chemistry, 132, 613-618.
Peanuts 1.3+0.5 n.d. n.d. 11+3 137 +3 Brufau, G., Canela, M. A., & Rafecas, M. (2008). Phytosterols: physiologic and
Tiger nuts 13+05 22+03 n.d. 11+3 49+3 metabolic aspects related to cholesterol-lowering properties. Nutrition Research,
Sunflower seeds  n.d. 11.6+04 nd. 2543 24446 28, 217-225.
Pistachios 16+1 nd. 40+1 nd. 427 +34 Bustamante-Rangel, M., Delgado-Zamarrefio, M. M., Sanchez-Pérez, A., & Carabias-

(inter-day) in quadruplicate. In all cases the relative standard devi-
ation (RSD) values obtained for almonds, peanuts and tiger nuts
were lower than 10%, for the repeatability study, and below 20%
for reproducibility. These are very acceptable values for these types
of complex sample.

3.4. Application of the method to real samples

To assess the applicability of the proposed method, seven com-
mercial samples of nuts were analyzed in triplicate. Quantification
of the tocopherols and phytosterols was performed using the inter-
nal standard method. The results obtained from analysis of all the
nut samples, in mg/100 g, are shown in Table 3. As may be seen,
B-sitosterol was found at higher levels in all samples. Tiger nuts
contained a major number of analytes naturally, although the high-
est contents of tocopherols and phytosterols were found in
almonds and sun flower seed and pistachios respectively.
3-Tocopherol was not detected in any of the samples.

4. Conclusions

The proposed method included analyte extraction using the
QuEChERS method, followed by LC-DAD. This methodology per-
mits the determination of tocopherols and free phytosterols in
their natural form in seeds and nuts. The QUEChERS extraction
method was applied for the isolation of analytes naturally present
in these food samples. This method includes a step extraction pro-
cess with a clean-up step using d-SPE extraction with PSA. The
extraction method was easy to use, making it highly suitable for
complex matrices such as foods. The proposed method is precise,
selective and rapid. It is important to note that this sample treat-
ment has never been used in these types of analyte and sample.
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