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1. ABSTRACT 

Resveratrol is a phenolic compound that shows important biological antioxidant 

activities. In this paper, the electrochemical oxidation of iodide in the presence of 

resveratrol was investigated using both platinum and glassy carbon electrodes. The 

experimental results showed a diffusion controlled process for the oxidation of iodide to 

iodine, followed by the chemical reaction of iodine with resveratrol. The possible 

applicability of iodine-mediated reaction in the quantitative analysis of resveratrol was 

studied, obtaining sensitivities of 0.98 ± 0.03 and 4.22 ± 0.20 AM-1 cm-2 using platinum 

and glassy carbon electrodes, respectively. The resveratrol content in a sample obtained 

from the extracellular medium of elicited suspension-cultured cells of Vitis vinifera was 

evaluated and compared with data obtained by HPLC analysis, with good correlations. 

The signal of other compounds that may be present in the samples or they are precursors 

of the biosynthesis of trans-resveratrol (L-ascorbic, glycine, saccharose, tyrosine, 

cinnamic acid and p-coumaric acid) was also evaluated, which shows lower interferences 

when using glassy carbon electrodes. 
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2. INTRODUCTION 

trans-Resveratrol (3,5,4′-trihydroxy-trans-stilbene, trans-R) (Fig. 1) is a naturally 

occurring phytoalexin produced by a limited number of plants as a response to stress or 

injury, fungal attack or UV exposure [1]. This compound is a phenol derivative which 

has been found to potentially present antioxidant and antimutagen properties, to mediate 

anti-inflammatory effects or to inhibit hydroperoxidase functions [2]. This makes 

resveratrol a promising compound for applications as dietary supplement, functional food 

ingredient, cosmetics ingredient and even as a therapeutic agent [3]. Due to the high value 

of this compound, great effort has been made to produce it in high amounts. Some studies 

have demonstrated that the enrichment of Vitis vinifera cell cultures with cyclodextrins 

and methyljasmonate considerably enhanced the production of trans-R [4, 5]. Besides the 

search of new methods to produce high trans-R quantities, it is also very important to 

understand its reactivity and to develop fast and reliable analytical methods for its 

determination. 

Given the great importance of this antioxidant compound, several analytical 

methods for its quantification have been developed such as liquid chromatography (which 

is the most frequently used) [6], gas chromatography [7] and capillary electrophoresis [8]. 

These methods provide excellent results, although they have some limitations such as 

being time-consuming, their high priced equipment and the laborious technical handling. 

In this context, electrochemical measurements for the quantification of trans-R can be a 

good alternative due to their advantages such as simplicity, cheapness and quickness. 

Some electrochemical sensors have been already reported for the quantification of trans-

R. The electrochemical determination of this antioxidant has been carried out by cyclic 

voltammetry, differential pulse and square-wave voltammetry using a glassy carbon 

electrode [9]. Furthermore, electrodes based on indium tin oxide [10], multi-walled 
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carbon nanotubes-modified glassy carbon [11], cyclodextrin modified carbon paste 

electrode [12] and biosensors based on peroxidase [13] have been published. In this paper, 

a new electroanalytical method is proposed as an alternative, using sodium iodide as an 

electrochemical mediator. Over existing sensors, this method is very simple, easy to use 

and avoids modification of conventional electrodes with expensive materials such as 

nanomaterials or biological compounds. 

The electrochemical oxidation of iodide to iodine under aqueous conditions has 

been used as a redox mediator in the analytical measurement of several compounds such 

as biological thiols [14, 15], phenols [16] and antioxidant capacity [17]. The 

electrogenerated iodine is able to oxidize reduced compounds such as phenol, o-cresol, 

glutathione, cysteine, homocysteine, ascorbate, NADH and gallic acid, then the iodine 

turns back to iodide, which is again electrochemically oxidized resulting in an increase 

of the measurable current by virtue of the catalytic cycle.  

The aim of this work was to perform an electrochemical study to investigate the 

iodine-mediated oxidation of resveratrol using both platinum and glassy carbon (GC) 

electrodes. In accordance with the electrochemical results, we have explored possible 

applications of this system for the analytical determination of trans-R obtained from 

elicited suspension-cultured cells of Vitis vinifera cv. Monastrell. 

3. EXPERIMENTAL 

3.1. Reagents 

 L-ascorbic acid, cinnamic acid, p-coumaric acid, ethanol, glycine, trans-R, 

saccharose, sodium iodide, sodium perchlorate and tyrosine were purchased from Sigma-

Aldrich (Madrid, Spain). Perchloric acid was obtained from Merck (Madrid, Spain) and 

sulfuric acid from Panreac (Barcelona, Spain) All of them were purchased at their highest 
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available purity and were used as received. All solutions were freshly prepared every day 

with deionized water (resistivity of no less than 18.2 MΩ·cm at 25°C) (Millipore, 

Watford, UK).  

 Due to the low solubility of resveratrol in aqueous solutions, stock solutions of 

this compound were prepared daily in absolute ethanol and stored under darkness at 4 ºC. 

To perform the electrochemical measurements the appropriate volume of the stock 

solution was diluted to the desired concentration in 0.2 M NaClO4, adjusting the final 

concentration of ethanol to 15%.  

3.2. Plant material and elicitor treatments 

Grapevine suspension-cultured cells derived from Vitis vinifera cv. Monastrell 

calli were obtained and maintained as previously described [5, 18]. In order to obtain 

trans-R, 15 day old suspension-cultured cells of V. vinifera were grown in the presence 

of cyclodextrins (Wacker Chemie, Spain) and methyljasmonate (Duchefa, Spain). For 

that, 20 g of fresh cells were added to 250 mL flasks which contained 100 mL of culture 

medium [5] supplemented with 100 µM methyljasmonate and 50 mM cyclodextrins. 

These suspension-cultured cells of V. vinifera were maintained at 25 ºC in the dark in a 

rotary shaker (110 rpm) for 144 h. Once the elicitation was finished, grapevine cells were 

separated from the culture medium by filtration, and the extracellular medium was used 

for trans-R quantification.  

3.3. Extraction of trans-resveratrol 

trans-R was extracted from 100 mL of elicited cell culture media by phase 

partitioning with ethyl acetate. The organic phase was collected and evaporated at 35 ºC 

in vacuum. This procedure was performed three times in order to extract all the trans-R 

present in the culture medium. The residue was redissolved in 5 mL methanol and 
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evaporated on a glass petri dish until obtaining a precipitate. After that, the precipitate 

was triturated to achieve a powder enriched in trans-R.  

3.4. Electrochemical measurements 

Electrochemical experiments were performed using a potentiostat AUTOLAB 

PGSTAT128N (Eco Chemie B.V., The Netherlands) controlled by the sofware NOVA. 

Electrochemical measurements were carried out using a three-electrode cell (10 ml) 

maintained at 25±0.5 ºC with a circulating water bath. The working electrodes (WE) used 

were: a glassy carbon electrode (GCE) of 3 mm diameter (CH Instruments), or a Pt 

electrode of 3 mm diameter (Methrom); the reference electrode (RE) was Ag/AgCl 

(saturated KCl) (CH Instruments) and the counter electrode (CE) was a Pt sheet 

(Methrom).  

Renewal of GC electrode surface was achieved by immersing the electrode into a 

concentrated chromic mixture solution for 5 min and then further rinsing with deionized 

water. Renewal of Pt surface was achieved by polishing with three successive alumina 

slurry pastes (1, 0.3 and 0.05 μm) and the residual abrasive particles were ultrasonically 

removed in deionized water.  

 The electroactive area of Pt electrode was calculated from the underpotential 

deposition portion of its H2SO4 profile, after considering the double layer capacity [19]. 

The electroactive area of GC electrode was calculated from the Randles-Sevcik equation 

using 10 mM hexaammineruthenium (III) chloride at different scan rates [20].  

3.5. HPLC analysis 

HPLC equipment was an Agilent 1200 series instrument (Agilent Technologies, 

Madrid, Spain) equipped with an on-line vacuum degasser, quaternary pump, 

autosampler, temperature-controlled sample tray, thermostatted column compartment and 
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diode array detector (DAD). The HPLC column was a reversed-phase C18 Eclipse XDB 

(4.6 x 150 mm, 5 µm particle size). The HPLC grade solvents used were water as solvent 

A and acetonitrile as solvent B, previously filtered through a 0.22 µm filter and degassed 

by sonication in a Selecta Ultrasons water bath. After the HPLC column was equilibrated, 

a mixture of 90 % solvent A and 10 % solvent B was maintained for 7 min, followed by 

a linear gradient to obtain 85 % solvent B at 18 min. Then, 85 % of solvent B was 

maintained until 30 min, with a linear gradient to obtain 10 % at 33 min [21].  

Samples were filtered through a 0.45 µm filter prior to injection. Elution 

conditions were as follows: injection volume, 20 µL; flow rate, 1.0 mL/min; oven 

temperature, 40 °C. The elution was monitored at 306 nm. Calibration straight lines were 

performed using standard trans-R by duplicate injection. An Agilent ChemStation 

B.03.02 revision was used to integrate peak areas. 
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4. RESULTS AND DISCUSSION 

This work reports the electrochemical oxidation of iodide to iodine and the 

reaction of the electro-generated iodine with trans-R at both platinum and glassy carbon 

electrodes together with its possible applicability in the analysis of trans-R in in vitro 

bioproduced real samples. 

4.1. Electrochemical performance 

Figure 2 shows voltammograms of 3 mM NaI in the absence and presence of 

trans-R both in platinum and glassy carbon electrodes. A quasi-reversible redox wave for 

the iodide/iodine redox couple at a mid-point potential of  ̴ 0.47 V (vs Ag/AgCl) was 

observed in both cases (solid black lines), which is similar to data previously reported 

[14, 15, 17, 22].  

The voltammetric peaks found correspond to the one-electron oxidation of the 

iodide ion, although the oxidation to triodide ion formation could be also possible [23]. 

As regards the Pt electrode (Figure 2A), in the presence of trans-R (dashed black line), 

the voltammogram showed an increase in the forward peak and a decrease in the back 

peak suggestive of catalytic behavior as seen for the iodine mediated oxidation of As(III) 

on boron-doped diamond electrodes [24] and the iodine mediated electrochemical 

oxidation of thiols in platinum [15]. In the absence of the mediator NaI (solid grey line), 

redox peaks of trans-R were not observed (in the micromolar range of concentration). 

Solutions of trans-R were prepared in water containing 15% of ethanol due to the 

low solubility of this compound in aqueous solutions. The electrochemical adsorption and 

oxidation of ethanol on platinum-based electrodes has been widely studied [25, 26]. 

Figure 3 shows the cyclic voltammetry profile for the electro-oxidation of ethanol (15%) 

in a solution of 0.2 M NaClO4, where an intense peak at 0.5 V (vs Ag/AgCl) was observed, 
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which is in the range of potentials for NaI oxidation. However, in the presence of iodine 

and/or trans-R, this peak was not observed (Figure 2A), suggesting that these compounds 

compete with ethanol, and that iodine and trans-R present much more affinity for the Pt 

surface than ethanol. The strong adsorption of iodine on Pt is well known [27, 28]. For 

this reason, it was concluded that ethanol does not interfere in the measurements 

performed in this work. 

When the GC electrode was used (Figure 2B), the electrochemical 

oxidation/reduction voltammogram of the system iodide/iodine in the absence of trans-R 

was similar to the case of Pt (Figure 2B, solid black line). However, the electrochemical 

behaviour of the system considerably changed in the presence of trans-R (Figure 2B, 

dashed black line). In this case, the voltammogram exhibits a higher increase in the anodic 

current and a decrease of the cathodic current in the reverse scan. In addition, a shift of 

the oxidation potential to more positive potentials occurred (from 0.5 to 0.65 V vs 

Ag/AgCl). This displacement to more positive potentials could be due to the adsorption 

of trans-R or possibly iodine on the surface of the electrode, which inhibits to a certain 

extent the performance of the electrodic process. Similar behavior was observed in the 

electrochemical study of iodide in the presence of barbituric acid [29], and phenol and o-

cresol [16], where the deposition of the product on the surface of the electrode was 

considered as the reason for the anodic shift.  

The above assumption was corroborated by performing successive cycles of 3 mM 

iodide/iodine in the presence of 60 M of resveratrol without cleaning between 

measurements (Figure 1S(A), Supporting Information). The signal decreased and the 

anodic peak was displaced towards more positive potentials. However, when the GC 

electrode was cleaned with chromic-sulfuric mixture, the cyclic voltammetries were 

identical (Figure 1S(B), Supporting Information).  
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4.2. Scan rate study  

Figures 4A and B show the cyclic voltammetries of 3 mM NaI in the absence 

(solid lines) and presence of trans-R (dotted lines) at different scan rates using both 

electrodes. Once again, a shift in the oxidation peak of iodide towards more positive 

potentials was observed for the case of GC electrode, in contrast to the Pt one. 

Furthermore, the change in current intensity was also quite higher using GC electrode. In 

both cases, the scan rate study revealed linear double logarithmic plots of anodic peak of 

iodide vs scan rate with a slope close to 0.5 both in the absence and presence of trans-R 

(Figures 4C and D), consistent with the theoretical slope for diffusion controlled 

processes [30]. These results suggest that all the trans-R that can diffusionally reach the 

electrode is turned over on the timescale of the voltammetry. Iodide diffusion coefficient 

(in 0.2 M NaClO4 with 15% EtOH) at pH 4 was calculated in the absence of trans-R from 

the slope of the plot I vs v1/2 by the Randles-Sevcik equation. The value obtained using 

Pt and GC electrodes resulted to be (1.2 ± 0.1) x 10-5 cm2s-1, which compares well with 

literature values [24, 31].  

The variation of the ratio Ipar/Ipcr (anodic peak current intensity/cathodic peak 

current intensity) of the system iodide/iodine in the presence of trans-R as a function of 

scan rate obtained from Figure 4, for both electrodes, is shown in Figure 5A. In all cases, 

Ipar/Ipcr ratios were higher than unity, which might be attributed to complex coupled 

chemical reactions involving iodine, resveratrol and phenoxy radicals of resveratrol since 

iodine is a known reagent for iodination of phenols [32] as well as the involvement of 

adsorbed species. Furthermore, the fact that the ratio Ipa/Ipc is more pronounced at the 

slowest scan rates, is consistent with a catalytic reaction [33]. Importantly the current 

function Ipa/v
1/2 decreased with scan rate in both cases, suggesting also that there are 

chemical steps coupled to the oxidation of iodide (Figure 5B). Therefore, the diagnostic 
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obtained from Figure 5 points out that the oxidation of iodide in the presence of trans-R 

undergoes ‘follow up’ chemistry [30]. This behavior is different to the reaction of 

electrogenerated iodine with thiols [14, 15] and other antioxidants [17], in which a simple 

EC’ mechanism operates. 

4.3. Selectivity 

In order to assess the application of the electrooxidation of iodide to measure 

resveratrol, real samples of this compound bioproduced by suspension-cultured cells of 

V. vinifera cv. Monastrell elicited with methyljasmonate in the presence of cyclodextrins 

were tested [5]. Previously, the effect of some important chemicals that can coexist with 

trans-R in this kind of samples were analysed (Figure 6). The compounds checked were 

L-ascorbic acid, p-coumaric acid, glycine, saccharose, tyrosine and trans-cinnamic acid. 

Using the Pt electrode, a slightly increase in the current signal was observed in the 

presence of these compounds, at the same potential than trans-R (Figure 6A). However, 

when these compounds coexist with resveratrol in the same sample, the voltammetric 

signal coincides with the resveratrol signal in the absence of them (Figure 6B). Different 

behavior was observed with the GC electrode (Figures 6C and D). The compounds tested 

did not shift the oxidation potential of iodide while a large displacement of the potential 

was again obtained in the presence of resveratrol, both in the presence or the absence of 

the rest of compounds. In addition, at this range of concentrations, the increment in the 

current signal of the iodide/iodine couple after addition of these compounds with GC 

electrode was negligible (Figure 6C). When these compounds and trans-R were mixed in 

solution, voltammograms obtained coincided with that obtained in the presence of only 

trans-R (Figure 6D). Therefore, we infer that these compounds do not interfere in the 

analytical method when they coexist with trans-R in the same sample both in Pt and GC 

electrodes. This behavior is not inconsistent with a competition of these compounds in 
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their reaction with iodine, with trans-R the compound which simply reacts the faster. 

Taking into account the above results, GC electrode is preferable for the quantitative 

analysis of trans-R, due to its better sensitivity and the displacement of the peak potential 

when resveratrol is present.  

4.4. Analytical parameters 

Calibration plots of resveratrol were performed in order to demonstrate the 

possible applicability of these electrochemical systems to the analytical measurement of 

resveratrol in real samples. Figure 7A shows the cyclic voltammograms of the couple 

iodide/iodine with different concentrations of resveratrol using the Pt electrode. This 

electrode gave a linear range for resveratrol between 15 and 120 M (inset, Figure 7A), 

with a calibration equation of j-j0 (A·cm-2) = 0.84 + 0.98·Cresveratrol (M). The limit of 

detection and sensitivity obtained were 5.5 M and 0.98 ± 0.04 AM-1cm-2, 

respectively. As regards the GC electrode, this electrode showed a linear range between 

5 and 75 M resveratrol (inset, Figure 7B), with a calibration equation of j-j0 (A·cm-2) 

= -3.20 + 4.22 *Cresveratrol (M). For this case, the sensitivity obtained was 4.22 ± 0.2 

AM-1cm-2 and the limit of detection 2.3 M. Therefore, the sensitivity obtained with 

the GC electrode was more than 4 times higher than that obtained when using the Pt 

electrode, and the LOD was near 2.4 times lower. Therefore, GC electrode shows better 

analytical parameters than the Pt one towards the analysis of resveratrol with NaI. The 

higher sensitivity obtained with the GC electrode to the analysis of trans-R probably 

reflects the preconcentration of this compound, due to adsorption on the electrode, prior 

to reaction with electrogenerated iodine.  

4.5. Real samples measurement 
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In accordance with the above, the quantification of trans-R in real samples of this 

compound was evaluated using the GC electrode by using iodide solution and measuring 

its oxidative peak by voltammetry. In particular, we measured the trans-R concentration 

in powders enriched in trans-R obtained from elicited suspension-cultured cells of V. 

vinifera cv. Monastrell [5]. The concentration obtained with the electrochemical method 

was 24.1 ± 2.4 %, while a content of 24.9 ± 1.0 % was obtained by HPLC (standard 

method). These results show that the trans-R content matched very well to the values 

obtained by the standard method, with a recovery of 96.8%. 

5. CONCLUSIONS 

The use of the iodide/iodine redox couple as a mediator was investigated for the 

electrochemical analysis of resveratrol using platinum and glassy carbon electrodes. In 

both cases and in the presence of trans-R, voltammograms showed an increase in the 

forward peak and a decrease in the back peak, suggestive of catalytic behavior. However, 

a shift of the anodic potential to more positive values took place in the case of the GC 

electrode. This displacement was attributed to the adsorption of trans-R or iodine on the 

surface of GC electrode. The scan rate study showed an electrochemical diffusion 

controlled oxidation of iodide followed by chemical reactions between the 

electrogenerated iodine and trans-R (EC mechanism) both for platinum and GC 

electrodes. In addition, no interference effects were obtained when trans-R was mixed 

with L-ascorbic acid, p-coumaric acid, glycine, saccharose, tyrosine and trans-cinnamic 

acid. Better analytical parameters were attained when using GC electrode than those 

obtained using the platinum electrode (sensitivity more than 4 times higher and LOD 2.4 

times lower), probably due to a higher preconcentration of trans-R on the surface of GC 

electrode by adsorption. Therefore, this electrode is analytically preferable and it was 

chosen for the development of a method for quantification of resveratrol. The 
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methodology herein proposed exhibited a sensitivity of 4.22 ± 0.2 AM-1cm-2 and a 

limit of detection of 2.3 M. Moreover, trans-R was successfully analysed in a 

bioproduced real sample by the developed methodology as a proof-of-concept and 

validated independently with a standard method (HPLC). 
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FIGURE AND SCHEME CAPTIONS 

 

 

 

 

 

 

 

Figure 1. Chemical structure of trans-R. 
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Figure 2. The voltammetric oxidation (scan rate = 0.05 Vs-1) of 3 mM NaI in the absence 

(solid black line) and presence of trans-R (dashed black line) using Pt (A) and glassy 

carbon (GC) electrodes (B) electrodes. The voltammetric response of trans-R in the 

absence of NaI is depicted by the grey line. The concentration of trans-R was 120 M in 

A) and 60 M in B). All solutions were prepared in 0.2 M NaClO4 with 15% EtOH (pH 

= 4).  
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Figure 3. Linear sweep voltammetry for the electrooxidation of ethanol (15%) in a 

solution of 0.2 M NaClO4 using a Pt electrode. 
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Figure 4. Cyclic voltammetries of 3 mM NaI in the absence (solid lines) and presence of 

trans-R (dotted lines) at different scan rates: 10, 25, 50, 100, 150, 200 and 250 mVs-1 

using Pt (A) and GC (B) electrodes. The concentration of trans-R was 120 M in A) and 

60 M in B). (C) Plot of log Ipa vs log v were calculated from Figure A). (D) Plot of log 

Ipa vs log v were calculated from Figure B). The pH of all solutions was 4. 
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Figure 5. A) Variation of Ipar/Ipcr for the oxidation and reduction peaks of the system 

iodide/iodine in the presence of trans-R as a function of scan rate using Pt (filled black 

circles) and GC (empty black circles) electrodes. B) Variation of the current function 

Ipar/v
1/2 as a function of scan rate using the Pt electrode (filled black circles) and GC 

electrode (empty black circles). Data were obtained from Figure 3. 
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Figure 6. Cyclic voltammetries of 3 mM iodide in the absence (solid black lines) and in 

the presence of trans-R (dashed black lines) and/or different compounds and mixtures of 

compounds that can be present in the samples using Pt ((A) and (B)) and GC electrodes 

((C) and (D)). The experimental conditions were: 120 M of each compound when using 

Pt electrode and 60 M when using GC electrode. Mixture 1 contains L-ascorbic acid, 

cinnamic acid, p-coumaric acid and resveratrol. Mixture 2 contains glycine, tyrosine, 

saccharose and resveratrol. The scan rate was 50 mVs-1 and the pH 4. For greater clarity, 

samples containing NaI and resveratrol have been plotted with dashed lines. 
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Figure 7. Voltammetric response of NaI in the absence (dashed red line) and presence of 

different increasing resveratrol concentrations (solid black lines). A) Pt electrode; 

experimental conditions: 3 mM NaI and 0, 15, 30, 45, 60, 90, 120 and 150 M of 

resveratrol. Inset: Current densities of the anodic peak vs resveratrol concentration. B) 

GC electrode; experimental conditions: 3 mM NaI and 0, 5, 15, 30, 45, 60 and 75 M of 

resveratrol. Inset as indicated in A). Error bars were calculated as the standard deviation 

of three different measurements. The scan rate was 50 mVs-1 and the pH was 4. 
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