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Abstract: This work presents the electrochemical determination of cholecalciferol (Vitamin D3) in
water-organic mixtures using a glassy carbon electrode (GCE) and commercial screen-printed carbon
electrodes (SPCEs). The electrocatalytic behavior of Vitamin D3 on the surface of the working
electrode produced a well-defined oxidation peak at +0.95 V (vs. Ag|AgCl, 3.0 mol L−1) and +0.7 V
(vs. Ag-SPCE pseudo-reference electrode) for the GCE and SPCE, respectively, in 0.1 M LiClO4

prepared in 50% ethanol. The nature of the organic solvent needed for the solubilization of Vitamin
D3 was evaluated, together with the concentration of the supporting electrolyte, the ratio of the
water-organic mixture, the voltametric parameters for the cyclic voltammetry (CV), and square-wave
voltammetry (SWV) analyses. Under the optimized conditions, a linear correlation between the
anodic peak current and the concentration of Vitamin D3 was obtained over the range of 0.47 to
123 µmol L−1 and 59.4 to 1651 µmol L−1 for the GCE and SPCE, respectively. The determined limits
of detection (LOD) were 0.17 (GCE) and 19.4 µmol L−1 (SPCE). The methodology was successfully
applied to commercial supplement tablets of Vitamin D3. Additionally, this work shows the possibility
of using non-modified GCE and SPCE for routine analysis of Vitamin D3.

Keywords: cholecalciferol; electrochemistry; screen-printed electrodes; vitamin D3; voltammetry

1. Introduction

Vitamin D, a fat-soluble vitamin, exists predominantly in two major forms, i.e., Vitamin
D2 (ergocalciferol) and Vitamin D3 (cholecalciferol) (Figure 1). Their structure is very similar,
apart from Vitamin D2 containing a double bond and an additional methyl group. While
both forms can be naturally produced after exposure to sunlight through the precursors
ergosterol and 7-dehydrocholesterol, to Vitamin D2 and D3, respectively, they can also
be obtained through the ingestion of foods and supplements [1–3]. Several studies have
reported that, in a state of avitaminosis, Vitamin D deficiency has implications for the
absorption of calcium and phosphorus, together with several other health problems, such as
cardiovascular diseases, hypertension, cancer, and others [4–7]. Nowadays, due to modern
lifestyle habits with an increase in time spent indoors, resulting in less exposure to natural
sun radiation, which is more problematic in countries with low annual solar radiation, a
large portion of the global population has a deficiency in Vitamin D [8,9]. Therefore, besides
the consumption of foods containing Vitamin D, which includes fish oils, mushrooms, eggs,
and other dairy products, the fortification of foods and the active use of supplements
have become a common practice in many countries [10,11]. Between the two forms of
vitamin D, i.e., ergocalciferol and cholecalciferol, different studies suggested an advantage
of cholecalciferol supplementation with respect to the more effective improvement of
Vitamin D in the body [12]. Nowadays, Vitamin D3 is the most commonly used source of
Vitamin D supplementation.
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immunoassays [19–21]. An alternative is the use of electrochemical methods, which, in 
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efficiency [22,23]. Moreover, they can be easily miniaturized and used in locations outside 
a laboratory facility [24]. In the literature, it is possible to find different electroanalytical 
methods developed for the analysis of Vitamin D3, using solid [25–27] or modified 
working electrodes [28–30], as well as different sensors based on modifications of screen-
printed electrodes [10,31,32], and others [33–35]. Screen-printed electrodes are valuable 
alternatives to traditional solid electrodes since they are relatively inexpensive, offer high 
reproducibility and portability, and are ideal for in situ analysis. 

In this work, we developed a method for the determination of Vitamin D3 in water-
organic mixtures by employing square-wave voltammetry (SWV) using both unmodified 
glassy carbon electrodes (GCE) and screen-printed carbon electrodes (SPCEs). A 
comparison of the efficiency of both methods to determine the content of Vitamin D3 in 
water-organic model solutions was performed, together with the application of the 
method to commercial supplement tablets of Vitamin D3. To the best of our knowledge, 
this is one of the first reports on the use of unmodified SPCE for the electroanalysis of 
Vitamin D3. 

 
Figure 1. Molecular structures of Vitamin D2 (ergocalciferol) and Vitamin D3 (cholecalciferol). 

2. Materials and Methods 
2.1. Chemicals and Samples 

Ultrapure water (resistivity > 18.2 MΩ cm) obtained from a Direct-Q 3UV system 
(Merck Millipore, Germany) was used for the preparation of all aqueous solutions. 

Vitamin D3 (≥98%, Sigma-Aldrich, Darmstadt, Germany) stock solution (0.02 mol L−1) 
was prepared by accurately weighing the commercial reagent, dissolving it in ethanol 
(96%, Chem Lab, Zedelgem, Belgium), stored at 4 °C, and protected from light. Daily 
working solutions of Vitamin D3 were prepared by diluting the stock solution. The 
supporting electrolyte solution, 0.1 mol L−1 LiClO4 (≥95%, Sigma-Aldrich, Germany), was 
prepared by dissolving the commercial reagent in the organic solvent of choice. All 

Figure 1. Molecular structures of Vitamin D2 (ergocalciferol) and Vitamin D3 (cholecalciferol).

The analytical determination of Vitamin D3 can be a complex task due to the low con-
centration found in foods and supplements, chemical instability, and complexity of the
matrices. Analytical methods for the determination of Vitamin D3 need to be sensitive, accu-
rate, and robust. Most of the methods reported in the literature use high-performance liquid
chromatography (HPLC) coupled with ultraviolet (UV) [13–15] or mass spectrometry (MS)
detection [16–18], electrochemiluminescence [2,19], and different immunoassays [19–21]. An
alternative is the use of electrochemical methods, which, in general, are simpler and faster, be-
sides providing high sensitivity, selectivity, and cost-efficiency [22,23]. Moreover, they can be
easily miniaturized and used in locations outside a laboratory facility [24]. In the literature, it
is possible to find different electroanalytical methods developed for the analysis of Vitamin D3,
using solid [25–27] or modified working electrodes [28–30], as well as different sensors based
on modifications of screen-printed electrodes [10,31,32], and others [33–35]. Screen-printed
electrodes are valuable alternatives to traditional solid electrodes since they are relatively
inexpensive, offer high reproducibility and portability, and are ideal for in situ analysis.

In this work, we developed a method for the determination of Vitamin D3 in water-
organic mixtures by employing square-wave voltammetry (SWV) using both unmodified
glassy carbon electrodes (GCE) and screen-printed carbon electrodes (SPCEs). A compar-
ison of the efficiency of both methods to determine the content of Vitamin D3 in water-
organic model solutions was performed, together with the application of the method to
commercial supplement tablets of Vitamin D3. To the best of our knowledge, this is one of
the first reports on the use of unmodified SPCE for the electroanalysis of Vitamin D3.

2. Materials and Methods
2.1. Chemicals and Samples

Ultrapure water (resistivity > 18.2 MΩ cm) obtained from a Direct-Q 3UV system
(Merck Millipore, Germany) was used for the preparation of all aqueous solutions.

Vitamin D3 (≥98%, Sigma-Aldrich, Darmstadt, Germany) stock solution (0.02 mol L−1)
was prepared by accurately weighing the commercial reagent, dissolving it in ethanol (96%,
Chem Lab, Zedelgem, Belgium), stored at 4 ◦C, and protected from light. Daily working
solutions of Vitamin D3 were prepared by diluting the stock solution. The supporting
electrolyte solution, 0.1 mol L−1 LiClO4 (≥95%, Sigma-Aldrich, Germany), was prepared
by dissolving the commercial reagent in the organic solvent of choice. All organic solvents
used (ethanol, methanol, propanol, and acetonitrile) were of analytical grade and were
obtained from Chem Lab.

Commercial supplements of Vitamin D3 (15 µg, 25 µg, and 100 µg) were purchased
from local stores (Porto, Portugal).
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2.2. Equipment

The instrument used for all the voltametric analysis was a PalmSens 4 potentiostat
(PalmSens BV, Houten, The Netherlands) driven by the software PSTrace (version 5.7.2001).
For the conventional three-electrode system cell, a glassy carbon working electrode (3 mm
diameter), an Ag|AgCl (3.0 mol L−1) reference electrode, and a platinum wire as the
auxiliary electrode was used. The SPCEs, ref. DRP-110, (Metrohm DropSens, Oviedo, Spain)
consists of a 3.3 × 1.0 × 0.05 cm ceramic substrate composed of a carbon working electrode
(4 mm diameter), a carbon auxiliary electrode, and a silver pseudo-reference electrode.

The voltametric measurements were accomplished at normal laboratory temperatures.
The GCE was initially polished using 1.0 µm aluminum oxide on polishing pads,

thoroughly rinsed with ultrapure water, and dried. Prior to electrochemical measurements,
the GCE surface was conditioned in a solution of 0.5 mol L−1 H2SO4 by performing
15 scans of cyclic voltammetry (CV) in a potential range from −1.5 to 1.5 V. After each set
of measurements with the same electrolyte solution, the GCE surface was cleaned with a
H2O:MeOH (50:50) solution and gently dried with paper.

The SPCE was conditioned in a solution of 0.5 mol L−1 H2SO4 by performing 15 scans
of CV from potential −1.5 to 1.5 V. After each measurement, the surface of the SPCE was
cleaned with ultrapure water and dried under nitrogen.

2.3. Measurement Procedure

The electrochemical measurements were performed without the removal of oxygen
since no interference was found in the anodic potential direction. CV and SWV parameters
were individually optimized for both the GCE and SPCEs. CV was carried out in a potential
range between 0.0 and +1.5 V, with a step potential of 10 mV, and a scan rate (v) of 50 mV s−1.
SWV analysis was performed in a potential range from 0.0 to +1.5 V, frequency of 50 Hz,
wave amplitude of 50 mV, step potential of 5 mV, and equilibration time of 10 s. For the
conventional three-electrode cell, 10 mL of a Vitamin D3 standard solution/sample in the
supporting electrolyte was added to the cell; for the SPCEs, only 55 µL was used, which
was enough volume to completely cover the surface of all three electrodes.

2.4. Sample Preparation

The supplement products used in this work were tablets (25 µg) and capsules (15 µg
and 100 µg) containing Vitamin D3 as the active ingredient. The tablets were ground
into a powder and then added to a glass flask along with the supporting electrolyte,
while capsules were opened, and their total content was transferred with the supporting
electrolyte to a 10 mL glass flask. A single tablet/capsule was used for each analysis. After
sonication for 10 min and filtration, 10 mL were transferred to the electrochemical cell
for measurements with the GCE, while, as mentioned before, 55 µL were used for the
SPCEs. All measurements were performed at least in triplicate, and results are reported as
mean ± standard deviation.

3. Results
3.1. Electrooxidation of Vitamin D3 in Different Organic Solvents

The mechanism of electrochemical oxidation of Vitamin D3 is still uncertain. Generally,
it is assumed that the oxidation of the triene moiety is responsible for the electroactivity of
Vitamin D3. Some authors point to hydroxylation happening at C7 and C8 [25,29,36,37],
while others propose hydroxylation at C10 and C19 [38]. A representation of these two
mechanisms can be found in Figure S1.

In the literature, there are reports in which the oxidation of Vitamin D3 was studied
for different working electrodes and different mixtures of organic solvents. Hart et al. [26]
performed CVs using a GCE in a 90% methanol solution containing acetate buffer and
obtained a single anodic peak at approximately +1.1 V (vs. Ag|AgCl). Chan et al. [27]
recorded CVs of Vitamin D3 in acetonitrile and dichloromethane, using Pt and GC electrodes
and 0.2 M n-Bu4NPF6 as the supporting electrolyte. For both solvents, one anodic oxidation
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peak was obtained at +0.8 V (vs. Fc/Fc+). Ðurović et al. [29] found a single oxidation peak
at around +1.03 V (vs. Ag|AgCl) using a boron-doped diamond electrode in a 0.02 M
Britton-Robinson buffer prepared in 50% ethanol.

Herein, the electrooxidation of Vitamin D3 at the GCE was evaluated using different
organic solvents (methanol, ethanol, 2-propanol, and acetonitrile) by CV in a potential
range of 0 to +1.5 V using 0.1 mol L−1 lithium perchlorate as the supporting electrolyte and
a solution of 1.0 mmol L−1 of Vitamin D3 (Figure 2). A single anodic oxidation peak was
found at potentials of 1.12 V, 1.16 V, 1.28 V, and 1.29 V, for methanol, ethanol, 2-propanol,
and acetonitrile, respectively. Furthermore, there is a noticeable shift towards more positive
potentials as the polarity of the organic solvent decreases. The absence of a reduction peak
seems to indicate that Vitamin D3 undergoes a chemically irreversible voltametric oxidation
process that, under a short CV measurement, is not able to convert the formed compounds
to the initial ones.
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Figure 2. Cyclic voltammograms of 1.0 mmol L−1 Vitamin D3 in 0.1 M LiClO4 prepared in methanol,
ethanol, 2-propanol, and acetonitrile using the GCE. Voltammograms were measured between 0 V
and +1.5 V; scan rate of 50 mV s−1; step potential of 10 mV.

Considering the shape of the CVs shown in Figure 2, the oxidation potential of Vitamin
D3, peak intensity, and the overall hazardousness of the four organic solvents, ethanol was
chosen for the optimization of the supporting electrolyte composition.

3.2. Optimization of the Supporting Electrolyte Composition

The composition of the supporting electrolyte might influence the electrochemical
reactions, and in this case, the electrooxidation of Vitamin D3, on the working electrode
surface. Lithium perchlorate has been previously used as a supporting electrolyte in the
electroanalysis of Vitamin D2 and Vitamin D3 with good results [29,39]. Considering that
high percentages of organic solvents can damage the surface of the SPCE and that, given the
lipophilic nature of Vitamin D3, it is not suitable in aqueous solutions, it was mandatory to
find the best compromise between ethanol and water and the most adequate concentration
of lithium perchlorate in order to enhance the electrochemical signal.

Different proportions of ethanol/water were studied for both the GCE (Figure 3)
and SPCE (Figure S2). The results showed a shift to more positive potentials with in-
creasing contents of ethanol in the supporting electrolyte solution. Furthermore, with
ethanol contents below 40%, the electrochemical signal of Vitamin D3 could not be detected.
The signal reached its maximum with 50% ethanol and it subsequently decreased with
increasing ethanol content on the supporting electrolyte. Therefore, the proportion 50/50
(ethanol/water) was chosen as the optimum medium and was used in the following ex-
periments. Under these conditions, a single oxidation peak of Vitamin D3 was obtained at
+0.95 V for the GCE and at +0.7 V for the unmodified SPCE.
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Figure 3. (A) Cyclic voltammograms of 0.1 mmol L−1 Vitamin D3 in 0.1 M LiClO4 prepared in
different proportions of ethanol/water. Voltammograms were measured between 0 V and +1.5 V;
scan rate of 50 mV s−1; step potential of 10 mV. (B) Peak current intensity variation with ethanol
content. Three replicates were performed for each ethanol content.

The concentration of lithium perchlorate in the supporting electrolyte solution was
briefly studied in the GCE system since the salt content in the solution can affect its ionic
strength and change the solubility of the lipophilic Vitamin D3 in the ethanol/water mixture.
The dependence of the peak current on the concentration of lithium perchlorate was
followed from 0 to 0.2 mol L−1 on a 50/50 ethanol/water solution (Figure S3). From these
experimental results, it was possible to verify that the signal increased until a concentration
of 0.1 mol L−1 of lithium perchlorate was reached, and after it remained stable. Therefore,
0.1 mol L−1 of lithium perchlorate was chosen as the optimum condition.

3.3. Optimization of the Electrochemical Conditions

The electrochemical conditions used for the analysis of Vitamin D3 were briefly opti-
mized for both CV and SWV in the GCE and SPCE systems. Firstly, for the GCE, the scan
rate and the step potential were evaluated over a 0.1 mmol L−1 Vitamin D3 in 0.1 M LiClO4
prepared in a 50% ethanol solution. The scan rate was studied between 20–250 mV s−1,
between 0 V and +1.5 V, with a step potential of 10 mV (Figure 4A). It was observed that
there was a shift towards more positive potentials with the increase in the scan rate, which is
characteristic of irreversible processes. The scan rate dependence can be used to distinguish
between surface and diffusion-controlled voltametric processes. A direct dependence on
the scan rate corresponds to a surface-controlled process, while a square-root dependence
indicates a diffusion-controlled voltametric process. By evaluating the relation between
the logarithm of the peak current (ln (Ip)) versus the logarithm of the scan rate (ln (v)), it is
possible to determine if we are in the presence of an electrochemical diffusional (slope of
0.5) or adsorptive process (slope of 1.0) [40,41]. As seen in the inset of Figure 4A, a slope of
0.99 suggests the existence of an adsorptive process. The best compromise between peak
height, curve shape, and total run time was attained for a scan rate of 50 mV s−1. The step
potential was studied from 1 to 100 mV for a scan rate of 50 mV s−1. An increase in the
step potential led to a decrease in the peak height; therefore, a step potential of 10 mV was
chosen. The same study was performed on the SPCE to confirm if the results would be
similar to the ones obtained for the GCE (Figure 4B). A similar behaviour was obtained,
and the parameters were kept the same.
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The square-wave parameters were also swiftly optimized. During these experiments, 
each studied parameter was changed while keeping the other two constant. The optimum 
conditions were similar for both the GCE and the SPCE and were found to be as follows: 
a frequency of 50 Hz, an amplitude of 50 mV, and a step potential of 5 mV. 
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Figure 4. (A) Cyclic voltammograms of 0.1 mmol L−1 Vitamin D3 in 0.1 M LiClO4 prepared in 50%
ethanol, measured on the GCE between 0 V and +1.5 V with a step potential of 10 mV. Inset A:
logarithm of scan rate versus logarithm of peak current; (B) Cyclic voltammograms of 1.53 mmol L−1

Vitamin D3 in 0.1 M LiClO4 prepared in 50% ethanol, measured on the SPCE between 0 V and +1.2 V
with a step potential of 10 mV. Inset B: logarithm of scan rate versus logarithm of peak current. The
data shown in a solid red line represents the selected optimal parameter.

The square-wave parameters were also swiftly optimized. During these experiments,
each studied parameter was changed while keeping the other two constant. The optimum
conditions were similar for both the GCE and the SPCE and were found to be as follows: a
frequency of 50 Hz, an amplitude of 50 mV, and a step potential of 5 mV.

3.4. Method Performance

The suggested method’s performance was investigated using the optimized conditions
in Vitamin D3 standard solutions. Calibration curves (jp (µA/cm2) = (1.06 ± 0.01) [D3] (in
µmol L−1) + (0.27 ± 0.05) for GCE and jp (µA/cm2) = (0.016 ± 0.001) [D3] (in µmol L−1) +
(0.26 ± 0.06) for SPCE) were produced by graphing the peak current versus the Vitamin
D3 concentration, and after adjustment of the experimental data by a linear regression
analysis, a good linearity was obtained (Figure 5). The limit of detection (LOD) and limit
of quantification (LOQ) were calculated as three and ten times the standard deviation of
the intercept divided by the slope, respectively [42]. The precision of the experimental
procedure was evaluated by performing five replicate experiments on a spiked Vitamin D3
sample solution at three different concentration levels (5, 20, and 60 µmol L−1) for three
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consecutive days. The relative standard deviation (RSD) values for the repeatability and
intermediate precision studies (below 8%) were considered appropriate for the present
work. These results are summarized in Table 1.
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Table 1. Analytical parameters of the developed method, using the unmodified GCE and SPCE, for
the SWV determination of Vitamin D3.

Parameters GCE SPCE

Linear concentration range (µmol L−1) 0.47–123 59.4–1651
r2 0.9981 0.9934
LOD (µmol L−1) 0.17 19.4
LOQ (µmol L−1) 0.56 64.7

Repeatability (% RSD)
C1 4.9 5.2
C2 3.6 5.9
C3 4.1 5.0

Intermediate precision (% RSD)
C1 5.5 7.1
C2 4.5 6.8
C3 4.9 6.2

The matrix effect was evaluated by comparing the slopes obtained while analysing
samples spiked at different concentration levels with the slopes of calibration curves of
blank samples. It was found that the slopes were statistically different (Student’s t-test, at a
99% confidence interval), which denotes the influence of the matrix on the measurements.
Therefore, for the determination of the Vitamin D3 content in the samples, the standard
addition method was used.

Overall, the analytical parameters obtained are perfectly adequate for the determination
of Vitamin D3 in supplements. Moreover, the LOD, LOQ, and linear range obtained for
the GCE are comparable to other works found in the literature using modified electrodes,
while improving them against other unmodified GCE [25,29,36,43,44]. Understandably, these
parameters were higher for the unmodified SPCE, which is expected considering the lower
total electrode surface area, the lower volume of the sample, and their disposable nature.

SPCEs are produced and sold with the intent of being used one single time since they
are able to provide high repeatability between each singular electrode. Nevertheless, some
reports have suggested that the same electrode could be used for several measurements [22].
Moreover, the prospect of using a single electrode for more than one measurement reduces
the generated waste and increases the greenness of the methodology. To test this hypothesis,
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the optimized SWV conditions were used on a Vitamin D3 0.90 mmol L−1 solution prepared
in a 0.1 M LiClO4 50% ethanol solution. In the first study, ten consecutive measurements
on a single droplet were performed, showing complete oxidation and the absence of
the Vitamin D3 peak after the second measurement. After this, ten measurements were
performed by renewing the droplet of Vitamin D3 between each measurement, with a
simple cleaning of the electrode surface with water and gentle drying with paper. This
procedure resulted in a repeatability of 4.6% (% RSD) for the ten measurements without
any visible degradation of the electrode surface, showing the possibility of reusing the
same electrode for multiple measurements.

3.5. Determination of Vitamin D3 in Real Samples

To evaluate the effectiveness of the developed methodology and the ability of both
electrodes to work with real samples, it was decided to perform the determination of
Vitamin D3 in different supplements using the standard addition method. A total of
four Vitamin D3 standard additions were performed over the samples. Analyses of each
sample were performed at least in triplicate. The measurements were performed using the
optimized conditions and the extracts containing Vitamin D3 were analysed by SWV. The
determined Vitamin D3 contents for all samples, measured using the GCE and SPCE, are
presented in Table 2. Representative voltammograms of the analysed supplement samples
are shown in Figure S4.

Table 2. Determination of Vitamin D3 in supplements.

Sample
Vitamin D3 Content (µg Tablet−1) a,b Declared Amount

(µg Tablet−1)SWV-GCE SWV-SPCE

1 17.19 ± 0.07 (15%) <LOD 15
2 25.22 ± 0.10 (0.9%) <LOD 25
3 97.8 ± 0.4 (2%) 96.2 ± 12.3 (4%) 100

a results are expressed as mean ± SD (relative error, %). b n = 3.

It is possible to conclude that there is a correspondence between the content declared
on the box label and the determined amount using the developed method, considering the
relative error obtained. Furthermore, no matrix components seem to interfere with the volta-
metric determination for Vitamin D3, which highlights the selectivity of the methodology.

However, it should be noted that the determination of Vitamin D3 using the SPCEs
was only successful for the sample containing a declared amount of analyte of 100 µg per
tablet. Under the current conditions, it was not possible to distinguish any measurable
peak from the baseline for the two lower content samples.

3.6. Comparison between GCE and SPCEs

The electroanalytical analysis of Vitamin D3 has previously been conducted using
different working electrodes, with and without modification of the electrode surface, and
by using different sensors based on modifications to screen-printed electrodes [10,31,32].
One of the first reports on the electrochemical determination of Vitamin D3 in water-organic
mixtures was made by Cincoto et al. using an unmodified GCE [39]. A comparison between
the method used in this work with other methods for the analysis of Vitamin D3 is shown
in Table 3.

Using the optimized method described in this work, it was possible to improve the
LOD from those reported using unmodified GCEs without adding extra sample preparation
steps or modifications to the electrode surface. Moreover, these results are comparable to
others obtained using more complex working electrodes, like the boron-doped diamond
electrode (BDDE). When compared to the unmodified SPCEs, the differences in terms of
LOD are significant but expected. SPCEs provide great benefits for field analysis due to
their compact size and workability, which is often a positive trade-off. Moreover, in this
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work, it was proved that, although being sold for single use, it is possible to reuse the
same SPCE for multiple measurements without any significant loss in the sensitivity of
the measurement. This is especially relevant considering the analysis of an extract that
contained 50% of an organic solvent (ethanol), which did not seem to damage the ink
printed on the ceramic substrate.

Table 3. Comparison of voltametric methods for the determination of Vitamin D3.

Electrode Technique Linearity
(µmol L−1)

LOD
(µmol L−1) Ref.

GCE Direct current voltammetry 2.0–400 1.49 [43]
GCE DPV 5.0–50 0.12 [39]
GCE DPV 2.4–350 0.8 [25]
BDDE SWV 2–200 0.17 [29]
GCE-poly(ARS)MWCNTs SWV 8.0–160 5.0 [45]
GCE-SiO2/GO/Ni(OH)2 DPV 0.25–2.5 0.003 [36]
GCE-AuPd DPV 5.0–50 0.18 [44]
GCE-LaNiO3 SWV 0–26 0.83 [37]
GCE-BMC Amperometry 0.5–42 1.45 [28]
GCE-CuNPs-NiNPs@reduced-
fullerene-C60

SWV 1.25–475 0.0025 [46]

GCE SWV 0.47–123 0.17 This work
SPCE SWV 59.4–1651 19.4 This work

GCE/poly(ARS)MWCNTs: GCE modified with poly (Alizarin red S)/multi-walled carbon nanotubes; GCE-
SiO2/GO/Ni(OH)2: GCE modified with amorphous nickel (II) hydroxide particles on a hybrid material composed
of silica and graphene oxide; GCE-BMC: GCE modified with boron-doped microporous carbon; GCE-CuNPs-
NiNPs@reduced-fullerene-C60: GCE modified with copper and nickel bimetallic nanoparticles decorated on
reduced-fullerene-C60 nanocomposite film.

4. Conclusions

In this work, a comparative study of the use of unmodified GCE and SPCEs towards
the determination of cholecalciferol, commonly known as Vitamin D3, in water-ethanol
mixtures and supplement products is presented. CV and SWV were used to access the
electrochemical oxidation of Vitamin D3 on an optimized supporting electrolyte consisting
of 0.1 M LiClO4 prepared in a 50/50 ethanol/water mixture. Well-resolved voltametric
peaks were obtained under these conditions, which, together with the simplicity and cost-
effectiveness of the overall methodology, makes it a valuable alternative for routine control
analysis. The GCE presented an overall better performance for the analysis, which was
expected considering the disposable nature and cost-effective characteristics of the SPCEs.
Additionally, it shows the value and usefulness of bare, unmodified GCE and SPCEs for
the analysis of Vitamin D3, without the need to use more complex solid electrodes or
modification of the electrode surface.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/chemosensors11120575/s1, Figure S1: Two possible oxidation
mechanisms of Vitamin D3.; Figure S2: Cyclic voltammograms of 0.90 mmol L−1 Vitamin D3 in 0.1 M
LiClO4 prepared in different proportions of ethanol/water. Voltammograms were measured between
0 V and +1.5 V; scan rate of 50 mV s−1; step potential of 10 mV.; Figure S3: Dependence of peak
current on the concentration of lithium perchlorate in the supporting electrolyte solution, prepared
in 50/50 ethanol/water. Measurements, in triplicate, were performed on the GCE system by SWV
on a 0.1 mmol L−1 Vitamin D3 solution. Figure S4: Representative square-wave voltammograms on
the GCE of the analysed Vitamin D3 samples, obtained in 50/50 ethanol/water solution. SWV was
performed using the optimized electrochemical conditions.
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