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ABSTRACT
A new chemically modified electrode has been constructed based on Lysine modified carbon paste electrode
(LCPE). The electrode was evaluated as sensor for sub-micromolar determination of vanillin. LCPE displayed
excellent electrochemical catalytic activity towards vanillin. The oxidation peak of vanillin increased significantly
compared to that of carbon paste electrode (CPE). The electrochemical behavior of vanillin at the surface of LCPE
has been analyzed with respect to sweep rate and pH of the solution. An analytical procedure based on differential
pulse voltammetry (DPV) has been optimized with a detection limit of 2.88 µM (S/N = 3). The proposed method has
been successfully applied for the determination of vanillin in real samples, and the assay results were satisfactory.
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INTRODUCTION
Vanilla, being the world’s most popular flavoring materials, finds extensive applications in foods, beverages,
perfumery and pharmaceutical drugs such as aldomet, L-dopa etc [1, 2]. Also it finds application as a preservative
for soft drinks, corrosion inhibitor for metals and as a catalyst to polymerize methacrylate [3]. Vanillin is obtained
from different species of plant genus vanilla (Orchidaceace),
a tropical climbing orchid [4]. Out of the total 110
species only 3 species are find commercial importance. These are Vanilla planifolia, Vanilla tahitensis and Vanilla
pompona. However the commercial vanillin is obtained from Vanilla planifolia and Vanilla pompona [1]. The
aroma and flavor of vanilla extract is attributed mainly due to the presence of vanillin, which occurs in a
concentration of 1.0 to 2.0% w/w in cured vanilla pods [1].
Vanillin (4-hydroxy-3-methoxybenzaldehyde) is a naturally occurring hindered phenolic compound derived from
plant source and is capable to undergo three different types of reactions because of the aldehyde group, the phenolic
hydroxyl group and the aromatic nucleus [5]. Most of the naturally occurring phenolic compounds exhibit
antioxidant and pro-oxidant activity [6-9]. Antioxidants act by counteracting the oxidizing effects on lipids, proteins
and DNA bases, by scavenging reactive oxygen species. Hence natural compounds with antioxidant activity have a
potential as a good radio-protectors [10].
Vanillin is an electroactive compound and it is possible to quantify its amount in vanilla and in the products through
the study of its oxidation [11,12]. Cyclic voltammetry is a versatile electrochemical technique in modern analytical
chemistry and could be used for the determination of electro-active species. This method provides valuable
information regarding the stability of oxidation states and the rate of electron transfer between the electrode and the
analyte [13]. Thus, procedures based on electroanalytical methods such as amperometry, square wave voltammetry
for the detection of vanillin in food samples have been reported [14-16]. Recently, a disposable electrochemical
sensors for vanillin detection based on screen-printed electrode has been reported [17].
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Chemically modified electrodes are extensively applied in the electrochemical determination of a wide variety of
electroactive species as a sensitive and selective analytical method [18-20]. One of the most important properties of
modified electrodes, in comparison to unmodified electrodes, has been their ability to catalyze the electrode process
by a significant decrease in the necessary overpotential. With respect to the relatively selective interaction of the
electron mediator with the target analyte, these electrodes are capable of considerably enhancing the selectivity in
electroanalytical methods. Carbon electrodes have got advantages such as a wide potential window, low background
current, chemical inertness and low cost that has resulted in their wide use in electrochemical detections. Carbon
paste electrodes (CPEs) which are one of the most important types of carbon electrodes have been widely used for
the electro-analysis of pharmaceutical formulations and drugs, since their introduction by Adams in 1958 [21]. The
development of carbon paste electrodes in electrochemistry and electroanalysis has been recently reviewed on the
occasion of their half-century anniversary. A particularly attractive advantage of chemically modified electrodes is
the convenient renewal of the electrode surface [22-25]. The effective renewal is coupled with the reproducible preconcentration and the robust electrode surface.
In the present work, a carbon paste electrode modified with Lysine was prepared for voltammetric determination of
vanillin. Differential pulse voltammetry (DPV) was used to evaluate the analytical performance of the modified
electrode in the real samples.
EXPERIMENTAL SECTION
2.1 Apparatus and reagents
Electrochemical measurements were performed with the help of CHI660D electrochemical work station (CH
Instruments, USA) coupled with a conventional three electrode system. The carbon paste electrode (CPE) modified
with L-Lysine was used as working electrode. A platinum wire and Ag/AgCl (3M KCl) were used as counter and
reference electrodes, respectively.
All the chemicals were of analytical-reagent grade and used as received without any further purification. potassium
ferricynide was purchased from Sigma-Aldrich. Vanillin was purchased from s.d. fine Chem. Ltd. India. All the
solutions were freshly prepared with Millipore water. The 0.1M phosphate buffer solutions were prepared from
potassium phosphate and pH of the solutions were adjusted by using H3PO4 or NaOH.
2.2 Preparation of Lysine modified carbon paste electrodes (LCPE)
The LCPE was prepared by mixing graphite powder, paraffin oil (mineral oil) and modifier in the ratio of 77:20:3
(w/w) and grinding the resultant mixture in a mortar for 30 minutes. The homogenized paste was packed carefully
into the cavity at the end of a glass tube (3 mm inner diameter and height 6 cm) to avoid air gap which often
enhance the electrode resistance. A copper wire was inserted inside the tube to establish electrical contact. For each
reading, the external surface of the carbon paste was mechanically renewed and polished with weighing paper to get
smooth and shiny surface. This operation was made before starting a new set of experiments. The CPE was prepared
in the same way without the addition of modifier (Lysine).
RESULTS AND DISCUSSION
3.1 Electrochemical behavior of [Fe(CN)6]3-/[Fe(CN)6]4- couple
The electrochemical behavior of LCPE can be monitored via the redox behavior of [Fe(CN)6]3-/[Fe(CN)6]4- couple.
Figure 1 shows cyclic voltammograms obtained at CPE and LCPE in 0.1M KCl containing 1mM K3[Fe(CN)6]. The
cyclic voltammograms of [Fe(CN)6]3-/[Fe(CN)6]4- couple show a peak to peak separation of 134mV at CPE and
110mV at LCPE. The reduction in peak to peak separation potential at LCPE clearly indicated the better
performance of LCPE than that of CPE. From Figure 1 it can also be confirmed that the redox peak current of
[Fe(CN)6]3-/[Fe(CN)6]4-couple is found to be high at LCPE in contrast to that of unmodified CPE.
The active surface area of the CPE and LCPE were obtained by the cyclic voltammetric method using 1 mM
K3Fe(CN)6 as a probe at different scan rates. For a reversible process, the following Randles-Sevcik formula [26]
has been used, which is as given below.
Ip = (2.69 × 105) n3/2 AD01/2Co*υ1/2
where Ip refers to the anodic peak current, n is the number of electrons transferred, A is the surface area of the
electrode, D0 is diffusion coefficient, υ is the scan rate and Co* is the concentration of K3Fe(CN)6. For 1 mM
K3Fe(CN)6 in 0.1 M KCl electrolyte, n = 1 and D0 = 7.6 × 10-6 cm2s-1, and then from the slope of the plot of Ipa vs
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υ½, the surface area of the electrode can be calculated. In CPE, the electrode surface area was found to be 0.0416
cm2 and for LCPE, the surface area was nearly 2.0 times greater than that of CPE.

Fig. 1. Cyclic voltammograms of 1mM K3[Fe(CN)6] in 0.1M NaCl on (a) CPE and (b) LCPE. Scan rate 50mVs-1

3.2 Cyclic voltammetric determination of vanillin
Figure 2A shows the cyclic voltammograms of vanillin at CPE and LCPE in 0.1M phosphate buffer of pH 7.0. The
oxidation of vanillin at LCPE occurred at 0.95 V, with an enhanced anodic peak current (~1.6 times) compared to
that of CPE. A small negative shift in the oxidation potential (~0.06V) of vanillin could be explained on the basis of
electrostatic interaction between vanillin and the modified electrode. On the reverse scan, no corresponding
reduction peak was observed, indicating that the electrochemical oxidation of vanillin is an irreversible process.
Nevertheless, it was found that the oxidation peak current of vanillin showed a remarkable decrease during the
successive cyclic voltammetric sweeps (Figure 2B). The first cycle shows large increase in the oxidation peak
current and in the subsequent scans the peak height has been decreased due to the fouling of electrode surface by the
oxidation product of vanillin. Therefore, the voltammograms corresponding to the first cycle was generally recorded.

Fig. 2. (A) Cyclic voltammograms of 5mM of vanillin on CPE (a) and LCPE (b) in 0.1M PBS pH 7.0; Scan rate: 10 mVs-1.
(B) Successive cyclic voltammograms of 5mM vanillin on LCPE in 0.1M PBS pH 7.0; scan rate 50mVs-1.

3.3. Influence of scan rate
Useful information involving electrochemical mechanism can usually be acquired from the relationship between the
peak current and scan rate. Therefore, the effect of scan rate (ν) on the oxidation of vanillin was investigated. Figure
3A shows cyclic voltammograms of 5mM vanillin at LCPE with different scan rates in 0.1M phosphate buffer
solution. As the scan rate increases, the Ipa has increased and Epa has shifted slightly to the positive direction. The
increase of peak current is derived by the decrease of a diffusion layer thickness on an electrode during the scan. The
values of Epa (Fig. 3B) and Ipa (Fig. 3C) have been increased linearly with the square root of scan rate, ν1/2, in the
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range 10–100mVs−1. These results indicated that the oxidation process of vanillin in phosphate buffer solution (pH
7.0) on LCPE is a diffusion-controlled process [27].

Fig. 3. A) Cyclic voltammograms of 5mM vanillin on LCPE at different scan rates, a →f : 10, 20, 40, 60, 80 and 100 mVs-1
in 0.1M phosphate buffer solution, pH 7.0. B) The variation of the peak potential, Epa vs. ν1/2. C) Dependence of the anodic
peak current Ipa, on ν1/2 for the oxidation of vanillin at the surface of LCPE obtained from data of Figure 3A.

3.4 Differential pulse voltammetric (DPV) determination of vanillin
Since the differential pulse voltammetry has a much higher current sensitivity and better resolution than cyclic
voltammetry, it was used in the determination of vanillin concentration and the estimation of the lower limit of
detection at LCPE. The oxidation peak current of vanillin at LCPE was measured in 0.1M Phosphate buffer solution
of pH 7.0, and plotted against the bulk concentration of vanillin. As shown in Fig. 4, the dependence of the peak
current on the concentration of vanillin is in a linear relationship in the range of 10 to 100 µM. The linear regression
equation is expressed as Ipa (µM) = 0.1305C (µM) + 2.8036, R = 0.9967. The detection limit (S/N=3) is 2.88 µM.
The relative standard deviation of the same electrode in 10 successive scans is 3.5% for 40 µM vanillin indicated
that the LCPE had an excellent reproducibility. All the results indicated the analytical applicability of LCPE for the
determination of vanillin in real samples.
3.5 Effect of pH
Effect of pH on the oxidation of vanillin at LCPE was investigated by cyclic voltammetry in Mcllvanie’s buffer
(mixture of 0.2M Na2HPO4 and 0.1M Citric acid). No significant changes in peak currents were observed below pH
7.0 (Fig. 5A). Afterwards the oxidation peak current of vanillin increased largely until the pH was increased up to
7.5, which is the pKa value of vanillin [28]. A favorable electrostatic attraction between the analytes and LCPE play
an important role in the adsorption and the catalytic activities. Also, the pH of almost all the biological matrices is
around 7.0 [29, 30]. Therefore, the pH 7.0 was fixed as the optimum for the selective and sensitive determination of
vanillin.
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Fig. 4. (A) Differential pulse voltammograms of solutions containing various concentrations of Vanillin, a →f: 10, 20, 40,
60, 80 and 100µM. Supporting electrolyte in all measurements was 0.1M phosphate buffer with pH7.0 B) Dependence of
the anodic peak current Ipa, on concentration for the oxidation of vanillin at the surface of LCPE obtained from data of
Figure 4A.

Fig. 5. Variation of anodic peak potential (A) and peak current (B) with the pH of buffer solution at the modified
electrode in the sweep rate of 10mVs−1 and presence of 5mM Vanillin.

Figure 5B shows that the oxidation peak potentials of vanillin shifted to negative direction with increase in pH from
3.0 to 8.0. The variation of Epa with pH follows the typical oxidation behavior of phenols. The linear dependence of
peak potential with a pH indicates that the protons are directly involved in the oxidation of vanillin. At higher pH
deprotonation of the hydroxyl group of the vanillin is favored. The peak potential (Epa) obeys the following
equation: Epa (V) = −0.073 pH + 1.12 versus Ag/AgCl (R = 0.9818). The dEpa/dpH value of 0.073V/pH indicates
that equal number of protons and electrons are involved in the oxidation process of vanillin.
3.6 Real sample analysis
In order to evaluate the applicability of the proposed method to the real sample analysis, the determination of
vanillin in Vanilla planifolia extract (VPE) and commercial vanilla flavor (CFV) sample has been undertaken.
The cured or fermented beans (3 beans) of the Vanilla planifolia were treated with ethyl alcohol for 5 minutes [31].
The treated vanilla beans were crushed, grinded to paste and to this paste 20 mL of ethyl alcohol has been added and
stirred for 10 minutes. The resultant solution was filtered through whatman filter paper. About 0.1 mL of vanillin
extract was added to 10 mL of 0.1 M phosphate buffer solution (pH 7.0) and stirred for 5 minutes at room
temperature. The prepared solution was taken for DPV studies using LCPE (Fig. 6). The proposed method shows
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that the Vanilla planifolia pods contain 1.17% of vanillin and these results are comparable with the literature value
[3, 32-34].
Commercial vanilla flavor sample was purchased from Venkateswara fine chem. laboratory, Bangalore, India and it
contains vanillin as the major ingredient. About 0.1 mL of commercial vanilla sample was added to 10 mL of
phosphate buffer (pH 7.0) and stirred for 10 minutes at room temperature. The resultant solution was taken for DPV
studies. It was found that, commercial vanilla sample contains 4.9 % of vanillin which is in good agreement with the
reported value [35].
Table 1. Determination of vanillin present in real samples
Analyte

Spiked
(µM)

Detected
Concentration
(µM)

Found
(µM)

Recovery
(%)

Percentage
(%)

VPE

17.80

1.17

30

47.31

98.36

CFV

35.83

4.99

30

65.54

99.03

Fig. 6. DPV graphs for the detection of (a) Vanilla planifolia extract (VPE) (b) after addition of 30 µM vanillin at LCPE in
0.1 M phosphate buffer solution of pH 7.0

3.7 LC-MS Studies
LC-MS studies were carried out for the synthetic vanillin, vanillin present in the commercial sample and Vanilla
planifolia. Figure 7 represents the LC-MS spectrum of synthetic vanillin. The retention time was observed at 14.35
min and mass peak at 152.15 (m/z) on BDS HYPERSIL C18 column. In Figure 8, the peaks observed at 14.00 min
and 14.50 min correspond to the retention times of vanillin present in Vanilla planifolia and commercial vanilla
flavor, respectively.
A small shift in the retention time in case of real samples is attributed to the presence of other ingredients, such as
proteins and carbohydrates. These results confirmed the presence of vanillin in the commercial vanilla flavor and
Vanilla planifolia extract.
CONCLUSION
In the present study the electrochemical behavior of vanillin on Lysine modified carbon paste electrode (LCPE) has
been investigated using cyclic and differential pulse voltammetric techniques. The modified electrode showed good
electrocatalytic activity towards the oxidation of vanillin. The LCPE possesses many desirable properties including
good sensitivity, ease of fabrication and reproducibility. This study has been also demonstrated the analytical utility
of LCPE for the qualitative and quantitative estimation of vanillin present in the real samples.
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Fig. 7. LC-MS spectra of synthetic vanillin eluted from BDS HYPERSIL C18 column methanol and water solvent

(A
)

(B
)

Fig. 8. Liquid chromatographs of (A) Vanilla planifolia extract and (B) commercial flavored vanillin eluted from BDS
HYPERSIL C18 column methanol and water solvent.
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