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Introduction 

Anethole is the main ingredient of anise and bardian oil and is 
found also in fennel oil. Anethole is widely used as a flavoring 
substance. On an industrial scale, it is obtained from anise fruit 
in a technological process where one of the stages is freezing. 
The trans-anethole obtained in the form of a solid is a crystal-
line white mass that melts already in 19°C and takes the form of 
a colorless liquid with a sweet taste and a characteristic odor. It 
has a bactericidal effect. One of the important features of anise 
oil is the lack of resistance to light and atmospheric oxygen, be-
cause in contact with these factors, photoanethole, a substance 
with a yellow color and unpleasant odor and taste is formed 
[1–4].

Voltammetry belongs to the group of electroanalytical tech-
niques. During the voltammetric measurement current flowing 
through the electrode system, in relation to the applied potential, 
is measured. Mentioned experiment must be carried out under 
strictly defined conditions, because the speed of the redox reac-
tion is related to the rate of transport of the analyte to the surface 
of the electrode. The voltammetric technique allows the analysis 
of both metal cations and non-metal anions, and with the use 
of appropriate techniques and electrodes gives the opportuni-
ty to study organic compounds. A prerequisite for an organic 
substance to be analyzed by electrochemical methods is to have 
a group that could be subject to oxidation or reduction [5–7].

The classic measuring system in voltammetry consists of 
three electrodes. The working electrode is the one on which 
the oxidation and reduction process takes place. It is a station-
ary electrode, that means surface does not change. The second 
electrode is a reference electrode whose potential is unchanged 
and the potential of the working electrode is measured against 
it. The last of the electrodes is an auxiliary electrode which is 
most often a platinum wire. Its role is to ensure the stability of 
the potential of the reference electrode [5, 8].

An extremely important step of the voltammetric measure-
ment is the proper selection of the supporting electrolyte whose 
concentration should be much higher than the concentration of 
electroactive substance. The role of the supporting electrolyte 
is to carry the charge through the solution and to provide a con-
stant ionic strength. The selection of appropriate measurement 
conditions is important, because the measured current should 
show useful, not the distorting processes [9].

Materials and Methods 

In this work, Electrochemical Analyzer type M161 and CGMDE 
Electrode Stand type M164D (both mtm – anko, Poland) were ap-
plied. Also the following electrodes were used in  determinations: 
–  GCE – Glassy Carbon Electrode, φ3 mm, type MF – 2012, 

BASi,
–  BDDE – Boron Doped Diamond Electrode φ3 mm, type D – 

565 – SA, Windsor Scientific,
–  CPE – Carbon Paste Electrode with 20% addition of Y2O3, φ3 
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mm, self-made in our laboratory.
The reagent used for preparation of the standard solution 

was analytically pure trans-anethole, CAS: 4180-23-8 (Sigma–
Aldrich). The supporting electrolyte was an acetate buffer with 
a concentration of 0.1 mol/dm3.

Results and Discussion 

The key difference between the GC, CP and BDD electrodes 
is preparation of their surface before measurements. The sur-
face of the GC electrode was prepared by polishing it onto the 
cloth with the use of an alumina polishing powder with an aver-
age particle size of 0.05 μm3. Polishing consisted in making 50 
moves of the electrode in the shape of an ‘eight’ figure on the 
surface of the cloth. BDD electrodes cannot be polished because 
it can be damaged, therefore for the preparation of its surface, 
conditioning at a very positive potential and stabilization of the 
electrode at the starting potential of measurement were used. 
The described operation was carried out several times before 
the start of the measurement. The most intensive surface prepa-
ration concerned the CP electrode. Before the measurement, the 
electrode body should be filled with the electrode paste. After 
filling the electrode, the surface to be measured was prepared 
by polishing on a white paper with a weight of 70 g/m2, and then 
by polishing on a weighing paper. Polishing consisted of making 
50 moves of the electrode in the shape of an ‘eight’ figure on the 
surface of the page, and then also 50 moves on the surface of the 
weighing paper.

The optimization of the measurement parameters was car-
ried out for GC and BDD electrodes, while the parameters of 

the GC electrode were used also in the experiments with the CP 
electrode. In the optimization experiments, the anethole concen-
tration was 7.0 mg/l, which corresponds to the addition of 10 
μl of the standard solution. During the optimization values of 
only one parameter were changed with the unchanged remain-
ing parameters. The starting potential (Ep), final potential (Ek), 
step potential (Estep), potential amplitude (dE), sampling time (tp) 
and waiting time (tw) as well as electrode conditioning time were 
subject to optimization. 

Each parameter was optimized according to the same strat-
egy. As an example, optimization of the starting potential for 
the GC electrode is shown. For this purpose, three values of this 
parameter were selected, i.e. 500 mV, 600 mV and 700 mV. The 
results of the optimization are presented in Figure 1 and Table 
1. Table 1 shows the number of repetitions (n) realized for the 
each parameter value, the average current peak height (iH), the 
confidence interval of mean at the confidence level 0.95 (CI), the 
standard deviation of the peak height (SD), the relative standard 
deviation of the peak height (RSD) and coefficient of variation 
(CV).

As an optimum value of the initial potential in the anethole 
determination on GCE, 500 mV was chosen. The peak recorded  
assuming the initial potential of 500 mV had the highest ampli-
tude and met also all of the assumed criteria. For each starting 
potential value, the repeatability of the signal was also tested. 
In each case, the value of CV did not exceed 1%, and so a typi-
cal acceptance criterion for repeatability i.e. 5% was met. It was 
also observed that the peak of the anethole has a symmetrical 
shape and at the stage of interpretation requires only a slight cor-
rection of the baseline.

Figure 1.  Optimization of the starting potential in measurement with GCE. Supporting electrolyte - acetate buffer with a concentration of 0.1 mol/dm3,  
pH = 6.0, anethole concentration – 7.0 mg/l. Green voltammogram - starting potential of 500 mV, red for 600 mV and blue for 700 mV.
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After the optimization, the measuring parameters for experi-
ments realized on each electrode were selected. The results are 
summarized in Table 2. 

Using the optimum values of individual parameters, a set of 
signals to create a calibration relationship were recorded using 
the various anethole concentrations (Table 3). The voltammo-

gram recorded on GC electrode are shown in Figure S1 while 
a calibration curve  in Figure S2. During experiments on the GC 
electrode, the  anethole concentration was  in the range from 1.4 

mg/l to 7.0 mg/l. Using similar parameters, a series of voltam-
mograms depicted in Figure S3 was made for the CP electrode 
and based on them a calibration curve illustrated in Figure S4 

Ep

[mV]
n

iH

[μA]
± CI 
[μA]

SD
[μA]

RSD
CV
[%]

500 3 3.524 0.085 0.034 0.010 1.0

600 3 3.489 0.054 0.022 0.006 0.6

700 3 3.368 0.045 0.018 0.005 0.5

Parameter GCE CPE BBDE

Ep [mV] 500 500 500

Ek [mV] 1250 1250 1200

Estep [mV] 5 5 5

dE [mV] 50 50 50

tp [ms] 10 10 10

tw [ms] 10 10 10

electrode conditioning
- - 2400 [mV] / 5 [s]

500 [mV] / 10 [s]

Parameter GCE CPE BDDE
Sensitivity ± SD

[μA×mg/l] 
0.721 ± 0.009 1.34 ± 0.10 0.460 ± 0.060

Intercept ± SD
[μA]

0.05 ± 0.14 0.015 ± 0.015 0.013 ± 0.044

Linearity range [mg/l]  1.4 – 7.0 1.4 – 7.0 0.7 – 3.5
Correlation coefficient r 0.9972 0.9991 0.9975
Current peak position

[mV]
959.8 1086.2 830.1

LOD
[mg/l]

0.2 0.1 0.1

LOQ
[mg/l]

0.6 0.4 0.3

Table 1. Statistical analysis of the results from Figure 1

Table 2. Measuring parameters in DPV experiments. Supporting electrolyte – acetate buffer with a concentration  
of 0.1 mol/dm3 and pH = 6.0.

Table 3. List of analytical method parameters obtained in optimal conditions for GC, CP and BDD electrodes. LOD is limit of 
detection, LOQ is limit of quantification



Science, Technology and Innovation Original Research24

Sci, Tech. Innov., 2018, 3 (2), 21-26 www.stijournal.pl

was prepared. Also, when the optimal conditions for the BDD 
electrode were applied, a series of voltammograms was shown 
in Figure S5 and the calibration curve shown in Figure S6. How-
ever, with this electrode, the addition of the standard was 0.7 
mg/l in the range from 0.7 mg/l to 3.5 mg/l. 

If we combine voltammogram in the same figure for the same 
concentrations of anethole (Figure 3) obtained using different 
electrodes, we can notice different positions of peaks coming 
from anethole and significant differences in their heights.

Conclusions 

Anethole was determined by the DPV technique using three 
electrodes, a glassy carbon electrode, a carbon paste electrode 
with 20% addition of Y2O3 and a boron-doped diamond elec-
trode. Before starting the measurements, a procedure for surface 
renewal and preparation was developed for each electrode. The 
surfaces of GCE and CPE electrodes have been prepared by me-
chanical polishing. Activation of the surface in the case of BDDE 

Parameter GCE CPE BDDE

Sensitivity ± SD
[μA×mg/l] 

0.721 ± 0.009 1.34 ± 0.10 0.460 ± 0.060

Intercept ± SD
[μA]

0.05 ± 0.14 0.015 ± 0.015 0.013 ± 0.044

Linearity range [mg/l]  1.4 – 7.0 1.4 – 7.0 0.7 – 3.5

Correlation coefficient r 0.9972 0.9991 0.9975

Current peak position
[mV]

959.8 1086.2 830.1

LOD
[mg/l]

0.2 0.1 0.1

LOQ
[mg/l]

0.6 0.4 0.3

Table 3. List of analytical method parameters obtained in optimal conditions for GC, CP and BDD electrodes. LOD is 

limit of detection, LOQ is limit of quantification.

Figure 2. Comparison of anethole voltammograms in optimal measurement conditions after background 
correction, successive additions of the anethole standard from 2 μl to 10 μl, every 2 μl, green voltammograms 
correspond to the GC electrode, blue voltammograms correspond to the CP electrode.
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based on application of high positive potential for 5 seconds and 
then stabilization at the starting potential for 10 seconds. This 
procedure was repeated before the registration of each curve. 
The measurement parameters have been optimized for each 
electrode. The calibration relationships for anethole have been 
constructed. The parameters of the analytical methods have also 
been indicated. The most favorable parameters were obtained 
for the CPE electrode for which the sensitivity was 1.34 ± 0.10 
μA × mg/l, and the correlation coefficient r was 0.9991. The sec-
ond useful electrode with satisfactory functionality for the assay 
was a GCE electrode for which the sensitivity was 0.721 ± 0.009 
μA × mg/l, and the correlation coefficient r was 0.9972. Signif-
icant differences in the position of peaks derived from the same 
concentrations of anethole were also observed. In the case of the 
BDD electrode, the peaks are at the lowest potential, while in the 
case of the CP electrode, they are most shifted to a positive po-
tential and are comparable to those of the GC electrode. Finally, 
it can be concluded that all three electrodes, despite significant 
differences in analytical parameters, can be used to determine 
anethole by the DPV technique.
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Figure 3. List of voltammograms from different electrodes. The voltammograms recorded on the 
BDDE electrode are displayed in red, in green from GCE, in blue from CPE. Lower peaks are derived 
from the anethole concentration of 0.7 mg/l, while the higher peaks are derived from the anethole 
concentration of 1.4 mg/l.
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Supplementary information

Figure S1. Voltammograms of the anethole in the concentration range of 
1.4–7.0 mg/l with addition of 1.4 mg/l in optimal measurement conditions 
after background subtraction, GC electrode.

Figure S2. Calibration graph in the range of 1.4–7.0 mg/l of anethole at the 
GC electrode.

Figure S3. Voltammograms for anethole in the concentration range of 
1.4–7.0 mg/l with addition of 1.4 mg/l in optimal measurement conditions 
after background subtraction, CP electrode.

Figure S4. Calibration graph in the range of 1.4–7.0 mg/l of anethole at the 
CP electrode.

Figure S5. Voltammograms for anethole in the concentration range of 
0.7–3.5 mg/l with addition of 0.7 mg/l in optimal measurement conditions 
after background subtraction, BDD electrode.

Figure S6. Calibration graph in the range of 0.7–3.5 mg/l of anethole on the 
BDD electrode.


