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Abstract

A new voltammetric method without using high cost and health risk nanomaterials has been developed for quantitative
determination of ethylvanillin and methylvanillin sum, compounds that are used as food additives. The method is based on
direct electrochemical oxidation of these biologically active compounds using square wave voltammetry at carbon paste
electrode with surface modified by sodium dodecyl sulfate (SDS/CPE) performed in 0.1 M phosphate pH 6.0 buffer.
Working conditions such as pH value of supporting electrolyte, type of surfactant, accumulation time of surfactant, and
parameters of square wave voltammetry were optimized. In comparison with bare carbon paste electrode, excellent
reproducibility characterized by a relative standard deviation of approximately 0.3% was obtained at the SDS/CPE. Linear
range from 1.0 x 107° to 2.0 x 10™> M, limits of quantification 9.8 x 10~® M and detection 2.9 x 10~® M were found
at pulse amplitude 70 mV and frequency 50 Hz selected as optimum for ethylvanillin quantification. For methylvanillin, a
linear range from 7.0 x 107® to 2.0 x 107> M and limits of quantification 7.0 x 10™® M and detection 2.0 x 107® M
were also determined. The procedure was validated using standard high-performance liquid chromatography method in the
analysis of selected complex foodstuffs such as commercial baking sugar, biscuits, and an alcoholic drink. The results
showed that a direct voltammetric approach is economically advantageous and reliable for the determination of ethyl- and
methylvanillin, which is fully comparable to the reverse phase HPLC used as the ISO standard.
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Keywords Carbon paste electrode - Surfactant - Square wave voltammetry - Ethylvanillin - Methylvanillin -
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Introduction

As known, vanillin (resp., methylvanillin, MVA), chemi-
cally 3-methoxy-4-hydroxybenzaldehyde (Fig. la), repre-
sents the main volatile component of the essential oil
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dried vanilla pods varies from 1.5 to 3%. Due to its high
price, it is also synthetically produced; the product is about
500 times cheaper than the natural one, but also less tasty.
In contrast, synthetically prepared ethylvanillin (EVA),
chemically 3-ethoxy-4-hydroxybenzaldehyde (Fig. 1b),
is—as a flavoring agent—roughly three times stronger than
MVA. For these reasons, natural vanillin is mostly replaced
by synthetic EVA prepared by chemical or biochemical
processes [1].

The desirable flavor and aroma properties of both MVA
and EVA have led to their widespread application in food
technology, pharmacies, and perfumes. Moreover, it was
found that MV A has many beneficial health properties such
as inhibition of the oxidation of human low density
lipoproteins which causes lower rates of cardiac disease
mortality [2] as well as an antisickling effect in sickle cell
anemia sufferers [3]. It can be assumed that EVA has
identical biological activity like MVA due to their very
close molecular structures. On the other hand, it should be
noted that very high periodical intake of synthetic MVA
and EVA can lead to headaches, nausea, and vomiting. A
toxic effect on liver and kidney was also described [4].

Evidently, determination of MVA and EVA as food
additives is very desirable. Several analytical methods have
been proposed for the determination of both compounds in
various food samples. For example, high performance liquid
chromatography (HPLC) is declared as standard method in
the EU legislatives — ISO 5565 2:1999(en). As other meth-
ods, gas chromatography [5], thin layer chromatography [6],
capillary electrophoresis [7], UV Vis spectrophotometry [8],
and chemiluminescence [9] can be also used.

It is also important to mention electrochemical approa-
ches. In this case, numerous voltammetric methods have
been developed to determine the MV A only (see Table 1).
These procedures offer some valuable advantages like
economically available instrumentation, manipulation with
small volumes, high sensitivity, and rapid analysis. How-
ever, it should be emphasized that both compounds differ
structurally only by similar substituents (methyl in MVA,
ethyl in EVA) which do not affect their electrochemical
behavior. Thus, voltammetry is unable to distinguish these
compounds and their content is therefore expressed as a
mass equivalent of EVA. Furthermore, it is also important
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to note that their direct electrochemical oxidation on bare
working electrodes lacks the required reproducibility,
probably influenced by non-specific adsorption of oxida-
tion products. It is the reason why electrode surfaces are
often modified, which seems to be an excellent way to
overcome this obstacle [10-17]. Such sophisticated elec-
trochemical sensors are usually based on composite elec-
trode materials [18] or on a glassy carbon electrode
modified with various kinds of nanomaterials, in particular
graphene, nanotubes, metal nanoparticles or their
combinations.

This paper describes the development of the carbon
paste electrode modified by thin film of sodium dodecyl
sulfate (SDS/CPE) and its applications for the sensitive
voltammetric determination of the sum of MVA and EVA
in selected food samples. A simple modification was
applied for this purpose, based on the immersion of
unmodified CPE into an aqueous solution of this surfactant.
Compared to the previously described sensors, the SDS/
CPE provided significantly better analytical parameters.
The results of this developed electrochemical method were
compared to the standard reference method based on
reverse phase HPLC with UV detection.

Results and discussion

Carbon paste electrode (CPE) represents a typical hetero-
geneous electroanalytical sensor composed of conductive
graphite powder and lipophilic binder [19] which can be
widely applicable in voltammetric determination of bio-
logically active organic compounds [20]. Its field of
application can be extended using simple surface modifi-
cation by surfactants [21]. The principle is based on
extraction of the surfactant nonpolar alkyl chain into the
lipophilic binder of CPE. This leads to modification of the
electrode surface by functional group of surfactants used.
In this way, a nonpolar electrode surface is changed to the
highly polar one [22]. Usually, significant enhancement in
the sensitivity and stability of current response can be
achieved.

Electrochemical behaviour of ethylvanillin

Surprisingly, all scientific papers are focused on study of
electrochemical behaviour and voltammetric determination
of MVA only, despite that EVA is also a significantly
occurring additive in common foodstuffs. From a chemical
point of view, MVA and EVA are considered p-hydroxy-
benzaldehyde differing by methoxy groups in their ortho
positions. Using CV at SDS/CPE, it was found that this
difference does not have any great impact on their elec-
trochemical oxidation pathways, but have evident effect on
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Table 1 Comparison of electrochemical determinations of MVA at different electrochemical sensors since 2000

Electrochemical sensor Method Supporting electrolyte Linear range/1075 M LOD/107°* M References
PVC-GrCE AD 0.2 M H,S0, 657-9200 289 [12]
Disposable SPE SWVv 0.1 M PBS pH 74 5-400 0.4 [10]
MWCNTs-TAPcCo/GCE SWV 0.1 M PBS pH 7.2 4.2-5000 0.44 [11]
CDA/Au-AgNPs/GCE AD 0.1 M PS pH 2.0 0.2-50 0.04 [15]
Lysine/CPE DPV 0.1 M PBS pH 7 10-100 29 [26]
Poly(AChB K) DPV PS pH 3 0.1-70 0.03 [27]
Graphene/GCE DPV Citrate buffer pH 5 0.6-48 0.06 [13]
BDDE SWVv 0.1 M PS pH 2.5 3.3-98 0.16 [28]
ENGR-NCNTs/GCE SWvV 0.01 M H,SO, 0.01-10 0.003 [29]
AuPd—graphene/GCE DPV 0.1 M PBS pH 7 0.1-7 0.02 [14]
Polyvaline/GCE DPV 0.1 M PBS pH 7 0.1-66 0.01 [30]
GR-PVP/ABPE DPV 0.1 M H;PO, 0.02-2 0.01 [16]
Ag-Pd/GO/GCE DPV 0.1 M PBS pH 6 0.02-45 0.005 [31]
EMDG DPV PBS pH 7 0.1-45 0.03 [32]
AuNPs-PAH SWv 0.2 M ABS pH 5 0.9-15 0.06 [33]
Pd/PAF-6 DPV 0.05 M PBS pH7 1 x 107°-82 x 107* 2% 107° [34]

BDD AdSV PBS pH 2.5 6.6-660 1.5 [35]
Poly(Alizarin Red S)/GCE SWV 0.1 M ABS pH 4 0.5-250 0.06 [36]
GNF/GCE DPV PBS pH 7 0.01-53 0.01 [37]
CPE/CuFe,0, SWV BS pH 7.0 0.1-700 0.07 [38]
CNTs/@MIP/GCE DPV 0.1 M PBS pH 7 0.2-10 0.1 [39]
BDDE AdSV 0.1 M HNO; 3.3-330 0.4 [40]
AuNPs/SPCE/graphene/QDs/Nafion DPV 0.025 M H,SO4 0.7-33 0.3 [41]
CPE/CdO/MWCNTs SWV BS pH 6 0.03-800 0.009 [42]
SDS/CPE (MVA) SWv 0.1 M PBS pH 6 0.07-20 0.02 This work
SDS/CPE (EVA) SWv 0.1 M PBS pH 6 1-20 0.03 This work

ABS acetate buffer solution, AdSV adsorptive stripping voltammetry, AChB acid chrome blue, AD amperometric detection, BDDE boron-doped
diamond electrode, BS unspecified buffer solution, CNTs carbon nanotubes, DPV differential pulse voltammetry, ENGR-NCNTs/GCE elec-
trochemically deposited nitrogen-doped graphene/carbon nanotubes, EMDG electrolytic manganese dioxide-graphene, GCE glassy carbon
electrode, GNF free graphene nanoflakes, GO decorated graphene oxide, GR-PVP/ABPE graphene—polyvinylpyrrolidone composite film
modified acetylene black paste electrode, MIP molecularly imprinted polymer, NPs nanoparticles, Pd/PAF-6 palladium nanoparticles on porous
aromatic frame, PBS phosphate buffer solution, PS phosphate solution, PAH poly(allylamine hydrochloride), QDs quantum dots, SPE screen

printed electrode, TAPcCo cobalt tetraaminophthalocyanine

their peak current responses (Fig. 2). It was observed that
MVA provides higher peak current response than EVA for
the same concentrations. This phenomenon can be proba-
bly explained by slower kinetics of EVA electrode
reaction.

In the first scan, both compounds provide only one
sensitive oxidation signal at + 0.66 V in PBS of pH 6.0
which corresponds to 2e~ and 2H" transfer with nucle-
ophilic addition of water and sequent release of appropriate
alcohol, namely methanol (MVA) and ethanol (EVA). In
subsequent scans, less sensitive redox couple (o-
quinone/catechol) is produced [16, 23]. According to this
finding (Fig. 3), it is necessary to state that it is impossible
to recognize the MVA from EVA by voltammetric

techniques. Therefore, only sum of these compounds can
be determined in foodstuffs.

For comparison, an increasing of oxidation peak heights
at + 0.62 V after each repetition was observed within
separate repetitive CV of EVA and MVA at bare CPE. This
phenomenon probably caused by polymerization reaction
forming a polyvanillin [24] was partially suppressed by the
presence of surfactant. Mentioned polarization caused
significant deterioration in repeatability. It can be therefore
assumed that with certainty, a better repeatability of mea-
surements will be achieved on the modified electrodes in
the sequently used square wave voltammetry (SWV).

Values 20, 40, 60, 80, and 100 mV s~ ! were set under a
scan rate study of EVA. It was found that oxidation peak
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Fig. 2 Cyclic voltammetry of blank (dotted line), 5.0 x 10™* M
MVA (dashed line), and 0.5 mM EVA (solid line) at SDS/CPE
performed in 0.1 M PBS pH 6 at 50 mV s™'

current linearly (R* = 0.9950) increased with the square
root of the scan rate (v). Moreover, slope (k) value 0.5424
for linear dependency (R* = 0.9967) of the peak current
logarithm on log v was calculated. For this finding, diffu-
sion-controlled electrochemical oxidation reaction can be
accepted. Due to very similar chemical structure of MVA,
the same behaviour can be with certainty predicted.

Effect of surfactant

Three different types of surfactants such as anionic sodium
dodecyl sulfate (SDS), cationic cetylpyridinium chloride
(CPC), and nonionic Triton X-100 were tested within
optimization. At first glance, it was evident that nonionic
surfactant chosen is not a suitable variant, because a very
high background current (~ 45 pA) was observed. In
accordance with Fig. 4, it seems that SDS and CPC could
be used as possible surface modifiers; however, signifi-
cantly higher current response was obtained with anionic
surfactant. For that reason, immersing CPE into
3.0 x 107* M SDS (Fig. 4a) aqueous solution for 4 min
(Fig. 4b) was chosen as the optimum condition of
modification.

Fig. 3 Proposed OH
electrochemical oxidation
pathway of EVA and MVA
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Electrochemical detection of ethylvanillin
and methylvanillin

Square wave voltammetry (SWV) of EVA (also MVA)
provided only one oxidation signal in Britton—Robinson
buffers within the pH 2-11 at the first anodic scan. Sec-
ondary anodic signal was observed in repeated measure-
ments on the same SDS/CPE surface. For pH range from 2
to 8, the slope of the dependence of peak potentials vs. pH
has a value of — 56.7 mV, which is close to the Nernstian
value indicating the exchange of the same numbers of
protons and electrons. Constant values of peak current were
measured for higher value of pH 8. The highest value of
peak current was obtained in the neutral medium. The same
peak current was found also for 0.1 M PBS of pH 6, and
for that reason was chosen as optimum.

The optimization of detection using SWV focused on
finding the proper pulse amplitude and frequency, which
affect the peak current significantly. Setting amplitude
more than 70 mV did not result in increased peak heights.
A similar behaviour was found for the effect of frequency
higher than 50 Hz. These two parameters were used as
optimal to achieve the most sensitive voltammetric
method. Nevertheless, it is necessary to note that this leads
to a significant shortening of the linear range. For example,
linear ranges from 1.0 x 107° to 2.0 x 107> M for opti-
mum conditions and from 5.0 x 10™°to 1.0 x 10™* M for
pulse amplitude 20 mV and frequency 10 Hz were
achieved, respectively. Figure 5 shows typical voltammo-
grams with corresponding calibration curve. Limits of
detection (LOD) and quantification (LOQ) were calculated
according to the already known equations LOD = 3 s/k and
LOQ = 10 s/k, respectively, where s is the standard devi-
ation of measurement of 1.0 x 107®* M EVA (N = 10) and
k is the slope of corresponding calibration curve I,

=0.435¢c — 0.095 with coefficient of determination
R*=0.9965. Values 3.0 x 107*M and 1.0 x 107’ M
EVA for LOD and LOQ were calculated, respectively. For
MVA, a calibration curve described by the equation I,
=2.52c — 0432 with coefficient of determination

=0.9958 for linear range from 7.0 x 107% to
2.0 x 107> M and value of LOD 2.0 x 10~® M were also
determined. Final results are summarized together with
those of previously published voltammetric methods
dominantly focused on the determination of MVA (see

8
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Fig. 4 a Dependence of peak current response (2.0 x 107> M EVA)
on surfactant concentration (accumulated on CPE surface at 400 rpm
for 5 min), measured in 0.1 M PBS pH 6 using SWV at potential
amplitude 25 mV and frequency 10 Hz. b Dependence of peak
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Fig. 5 Voltammograms for 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 20, 30, 40,
and 50 x 107°M EVA with corresponding calibration curve
obtained at SDS/CPE measured in 0.1 M PBS pH 6 using SWV at
potential step 5 mV, potential amplitude 70 mV, and frequency
50 Hz

Table 1). Except one publication [25], all other contribu-
tions have been focused on direct voltammetric determi-
nation of MVA, but it was not taken into account that the
EVA is contained in higher quantities in many cases. This
is one of the many reasons why this work has been arisen.

The main advantage can be surely considered as the
very simple and cheap process of SDS/CPE preparation.
Only 4 min are needed for CPE modification. Because of
this, each analysis can be performed at freshly prepared
working electrode, and thus eliminate the negative memory
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current response (2.0 X 107> M EVA) on accumulation time of
surfactant (accumulated on CPE surface from 3.0 x 10~* M SDS and
2.0 x 107* M CPC at 400 rpm), measured in 0.1 M PBS pH 6 using
SWYV at potential amplitude 25 mV and frequency 10 Hz

effect. The developed method has comparable analytical
parameters such as previously reported approaches which
are dominantly based on utilizing high cost and potential
health risk nanomaterials.

Reproducibility and selectivity

Stability of peak current response of 1.0 x 107> M EVA
for 5 repetitions was tested at the same surface of SDS/
CPE, bare CPE, and at always fresh surface of bare CPE.
Relevant voltammograms are shown in Fig. 6. Notwith-
standing significantly lower current response at SDS/CPE,
the excellent reproducibility about 0.3% relative standard
deviation (RSD) was obtained. Value of 5.8% RSD was
obtained for measurements at always freshly prepared CPE
surface. Unlike this, the worst reproducibility 6.6% RSD
for measurements at the same surface of CPE was found.
Recovery of developed voltammetric method was calcu-
lated from analysis of model sample (2.0 x 107> M EVA)
by standard addition method (5.0 x 10°°M EVA). Value
of 99.2% was obtained at SDS/CPE.

Selectivity of each voltammetric method is generally
affected by presence of accompanying substances in the
sample which can be electrochemically oxidized as analyte
at the same voltage or chemically react with it. Generally,
EVA and MVA are used in the food technology to replace
an expensive vanilla extract. Because of their typical fla-
vor, they widely occur in sweet kind of foodstuffs. Glu-
cose, sucrose, starch, and ascorbic acid were therefore
tested as possible interfering substances. In this study, a
model sample containing 5.0 x 107°M EVA with

@ Springer
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Fig. 6 Comparison of SDS/CPE—the same surface (a), CPE—the same surface (b), and CPE—always fresh surface (c) in stability of peak

current response of 1.0 x 10> M EVA for 5 repetitions

constant 1.0 x 107> M of each sugar was measured. It was
found that the presence of sugars slightly caused an
increase in current response by 10%. In contrast with this,
ascorbic acid significantly increased peak current due to the
very similar oxidation potential. Nearly 30% increase was
obtained when two times higher content of ascorbic acid
was used. In addition, electroanalysis of completely dif-
ferent foodstuffs confirmed that any other interference,
especially with different vitamins or minerals have not
occurred.

Analysis of selected foodstuffs

Quantification of EVA and MVA sum in the foodstuff
samples was carried out by standard addition method due
to low and negative intercept value (g) of calibration curve
— 0.095 pA. In comparison with a method of calibration
curve, it should be generally known that results obtained
from an analysis with the participation of sample matrix are
often more accurate. Typical record obtained during
voltammetric analysis of Absolut vanilla vodka is shown in
Fig. 7. The corresponding electrochemical measurements
were repeated minimally three times. Evaluated results
have correlation coefficients higher than 0.9970 (see inset
of Fig. 7).

Three examples of commercially available foodstuffs in
Czech stores (Table 2) were selected as suitable samples
for validation of developed electroanalytical method. Due
to mutual presence of MVA and EVA in these samples, the
sum of these compounds had to be expressed as mg of
EVA in 100 g (or in 100 cm® for fluids). Unfortunately,
declared amounts were not listed because they are used as
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Fig. 7 Typical voltammograms (blank; a, sample itself; b, the first
addition; c, the second addition; d, and the third standard addition; e)
obtained at SDS/CPE during analysis of alcoholic drink Absolut
Vanilia

food ingredients. For that reason, the results obtained from
direct SWV measurements of foodstuffs on the content of
EVA were compared with those obtained by the reference
standard HPLC analyses (ISO 5565 2:1999), where the
total amount of EVA was calculated as a sum of contri-
butions from EVA and MVA. Due to analysis of only three
samples (N = 3), normality test, ANOVA or ¢ test did not
need to be applied. In this case, calculation of the recovery
(%) for model sample was found to be sufficient, namely
97.5% for HPLC. A typical chromatogram of (type of
foodstuff) is shown in Fig. 8. Satisfactory accordance
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Table 2 Comparison of SWV with standard HPLC in analysis of selected foodstuffs
Foodstuffs SWV Standard HPLC
EVA/mg (100 g)~' MVA/mg (100 )~ EVA/mg (100 g)~' Sum/mg (100 g)~!
Vanilla sugar 435.7 £ 16 1095 £ 04 3448 £ 23 4543 £ 14
Vanilla biscuits 0.54 £+ 0.02 - 0.44 £ 0.01 0.44 £ 0.01
Drink EVA/mg (100 cm®)™! MVA/mg (100 cm®>)~'  EVA/mg (100 cm®)~! Sum/mg (100 cm®)~!
Absolut vanilla vodka 41+£03 3.7 £ 0.01 0.13 £ 0.01 3.8 £0.01
Sample EVA/mg (100 cm3)7' MVA/mg (100 cm3)71 EVA/mg (100 cm3)71 Declared content/mg (100 cm3)7l
Model 0.32 £ 0.07 - 0.32 £ 0.04 0.33
580 utilizing different nanomaterials. In the comparison with
5 i EVA the standard HPLC method, the electrochemical approach
n . .
» offers significant benefits. For example, lower consump-
480 1 2 % MVA EE tion of organic solvents, easier sampling preparation,
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Q
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Qo 1
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Fig. 8 HPLC analysis of 10 mg dm~? standards (solid), baking sugar
(dashed), alcoholic drink (dotted line), and biscuit (insert). Ascentis

Express C18 (150 x 3 mm, 2.7 pm) core-shell column (Supelco),

mobile phase: acetonitrile/water (3:7), flow rate 0.4 cm? min~!,

sample volume 1 mm?, temperature 35 °C, detection at 310 nm

among these fundamentally different analytical protocols
only confirms the fact that the developed method can be
also used in routine food analysis.

Conclusion

In this paper, a completely new electroanalytical method
for sum of EVA and MVA determination in different
foodstuffs was developed. This method is based on direct
voltammetric oxidation of EVA and MVA at SDS/CPE
performed in 0.1 M PBS of pH 6.0. Presence of sodium
dodecyl sulfate on CPE surface causes excellent repro-
ducibility of the measurement because it prevents nega-
tive passivation of the electrode surface. It is also
necessary to conclude that SDS/CPE represents a very
cheap way than the existing voltammetric methods

Sigma-Aldrich (St. Louis, MI, USA.) were used to prepare
their 0.01 M stock solutions in 50% ethanol. Sodium
dodecyl sulfate, cetylpyridinium chloride, and Triton
X-100 purchased from the same company were tested as
surface modifiers. Other reagents needed for preparation of
supporting electrolytes such as 0.1 M Britton—Robinson
buffer (boric acid, 98% glacial acetic acid, 85% phosphoric
acid, and sodium hydroxide) and 0.1 M phosphate buffer of
pH 6 (KH,PO, and Na,HPO,-12-H,0) were from Lach-
Ner, s.r.o. (Neratovice, Czech Republic). The stock solu-
tions for HPLC were prepared in 1:1 aqueous methanol;
diluting with the mobile phase provided the working
standard solutions with adequate response of the UV
detector (approximately 0.5-100 mg dm ™). Demineral-
ized water treated with a SG Ultra Clear UV water
purification system (SG, Hamburg, Germany) with electric
resistivity > 18.3 MQ cm was used for preparing all the
mentioned solutions.

Preparation of modified carbon paste electrode
Unmodified carbon paste electrode (CPE) was prepared by
mixing 0.4 g graphite powder type CR-5 (particle size ~

5 um) from Maziva (Tyn nad Vltavou, Czech Republic)
with 0.1 g silicon oil (SO) type MV 8000 from Lucebni
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zavody (Kolin, Czech Republic) in a ceramic mortar for
10 min. Chemically, SO is polydimethylsiloxane of low
viscosity and is used commonly as pasting liquid. Resulting
homogeneous carbon paste was packed into the cavity of
Teflon® piston holder. Freshly prepared CPE should not be
employed generally in any experiments due to their rather
unstable electrochemical behaviour caused by an incom-
plete homogenization, especially when SO was used. Fresh
CPE has therefore been ripened in laboratory conditions for
1 day. As described previously [42], CPEs can be used for
following handling only when they succumb to such self-
homogenization process. Smoothing of the electrode sur-
face with a damp filter paper and rinsing with demineral-
ized water were subsequently done. CPE was modified
with a thin layer of surfactant by immersing into 10 cm? of
3.0 x 107* M SDS at 400 rpm of the magnetic stir bar for
4 min.

Apparatus

All electrochemical measurements were carried out in a
50 cm® glass cell at laboratory conditions. Typical three-
electrode system consisting the SDS/CPE (working), Ag/
AgCl/3.0 M KCI (reference), and platinum sheet (auxil-
iary) electrodes connected to potentiostat Autolab
PGSTATI101 (Metrohm) compatible with software Nova
version 1.11 was used. All potentials are referred to the
reference electrode mentioned above.

Sampling

Three different kinds of foodstuffs such as vanilla sugar for
baking (Castelo) available in Lidl Czech Republic v.o.s.,
vanilla biscuits (Opavia), and alcoholic drink (Absolut
Vanilia) from Tesco Stores Czech Republic a.s. were chosen
as illustrative samples for analysis. A sample of vanilla sugar
was prepared by dissolving 1.0 g of the product in a 25 cm?
volumetric flask using 0.1 M phosphate pH 6 buffer (PBS)
containing 10% ethanol (v/v). After that, 2 cm? of this
sample solution was added to 18 cm® PBS and analyzed by
the standard addition method (three consecutive additions of
100 mm® EVA stock solution). For biscuits, usually four
pieces were crushed in a ceramic mortar for 10 min. Then,
10 g of the resulting mixture was transferred to a 100 cm®
volumetric flask, filled with PBS and sonicated for 30 min.
The final extract was filtered through a vacuum pump due to
the presence of the fiber causing the clogging of the filter
paper. Finally, 20 cm? of this filtrate was analyzed as in the
previous case. Ethanol beverage analysis using a voltam-
metric method did not require any sophisticated sampling
procedure. In this case, only 0.5 cm? of the sample was added
to 19.5 cm® of PBS and analyzed by the above-mentioned
protocol.
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Measurements

Electrochemical behaviour of 5.0 x 107* M EVA at bare
CPE and SDS/CPE in different supporting electrolytes was
compared with that for MV A by cycling voltammetry (CV)
from — 0.2 to + 1.0 V at potential step 5 mV, scan rate
50 mV s, and for minimally 3 repetitions. Voltammetric
determination of EVA in foodstuffs selected was carried
out by square wave voltammetry (SWV) at following
conditions: potential window from O to + 1.0 V, potential
step 5 mV, potential amplitude 70 mV, and frequency
50 Hz. Each analysis was minimally ten times repeated and
final results are therefore shown as arithmetic means.
Otherwise, all fundamental changes in the experimental
parameters described above are specified below, in the
legends of the corresponding figures.

Standard reference method

The sample of alcoholic drink was placed into ultrasonic
bath for 10 min and injected into the HPLC system without
any dilution. Approximately, 1 g of vanilla sugar sample
was dissolved in 50 cm® aqueous methanol (1:1) and
placed into ultrasonic bath for a period of 10 min.
Approximately, 2 g of biscuit sample was dissolved in
50 cm® aqueous methanol (1:1) and placed into ultrasonic
bath for a period of 10 min. All samples were filtered
through 0.45 pm membrane filter before HPLC analysis.

An Agilent 1290 Infinity liquid chromatograph (Agilent,
Palo Alto, CA, USA) equipped with a binary pump, a
degasser, an auto-sampler, a diode-array UV detector and a
thermostated column compartment was used. The DAD-UV
detector signal was monitored at 310 nm and full UV spectra
were recorded for peak identification. An Ascentis Express
C18 (2.7 pm, 150 x 3.0 mm) core-shell column (Supelco,
Bellafonte, PA, USA) was used for separation with a flow
rate 0.4 cm® min~'. All chromatographic separations were
carried out at 40 °C and 1 mm? injection volume was used in
all analyses. Separation was achieved using an isocratic
elution of 30% acetonitrile and 70% water.
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