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Electrochemical determination of resveratrol in the dietary supplements at a boron-doped diamond electrode in the presence of hexadecyl trimethyl ammonium bromide using square-wave adsorptive stripping voltammetry 
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Abstract
In the present paper, a sensitive electroanalytical methodology for the determination of resveratrol is presented for the first time using adsorptive stripping voltammetry at a bare boron-doped diamond electrode. In cyclic voltammetry, resveratrol shows one irreversible and adsorption-controlled oxidation peak at BDD electrode. The voltammetric results indicate that in the presence of hexadecyl trimethyl ammonium bromide the BDD electrode remarkably enhances the oxidation of resveratrol which leads to improvement of peak current with shift of peak potential to more positive values. Using square-wave stripping mode, the compound yielded a well-defined voltammetric response in 0.1 M nitric acid solution containing 100 µmol L-1 hexadecyl trimethyl ammonium bromide at +0.74 V (vs. Ag/AgCl) (after 60 s accumulation at open-circuit condition). The linear calibration graph was obtained in the concentration range of 0.025 to 60.0 μg mL-1, with a detection limit of 0.0063 μg mL-1.  Applicability of the proposed method was verified by analysis of resveratrol in the commercial dietary supplements. 
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RUNNING TITLE: ELECTROCHEMICAL DETERMINATION OF RESVERATROL 
INTRODUCTION
Resveratrol (3,4',5-trihydroxystilbene, RES)  is a naturally occurring polyphenolic phytoalexin produced by a wide variety of plants as defense substances against biotic or abiotic stres.1 However, the main sources of resveratrol include grapes, knotweed, blueberries, pistachio nuts and peanuts.2 RES exists in two isomeric forms as trans- and cis RES, whereas the trans-form appears predominantly and has been proved to be more biologically active.3 RES has been positively linked to health benefits, including antioxidative effect,4 analgesic effect,5 cardioprotective effect,6 anticarcinogenic properties7 and antiaging properties.8 Thus, it has been used as industrial material in the form of food additives and pharmaceuticals. Due to the above mentioned interest of RES, several analytical methods have been reported in the literature for the determination of this compound in different matrices. These particularly include high-performance liquid chromatography (HPLC),9-10 ultrahigh pressure liquid chromatography (UHPLC),11 liquid chromatography coupled to electrospray ionization-mass spectrometry (LC-ESI-MS),12 gas chomatography-mass spectrometry (GC–MS)13 and capillary electrophoresis (CE).14 Electrochemical techniques, such as the voltammetric ones, are a promising alternative to classical approaches due to their simplicity, good stability, high sensitivity, speedy procedure and low cost.  Up till now a few reports have been published concerning electrochemical oxidation mechanism and voltammetric determination of RES at unmodified silver15 and carbon electrodes, such as glassy carbon electrode (GCE),16-17 carbon paste electrode (CPE)18 and graphite.19 Furthermore, a few articles were reported using at the modified electrodes.20-22 The evaluation of the analytical performances of the reported electrodes for determination of RES is presented in Table 1. 
Table 1 Comparison of the efficiency of the electrodes in the determination of RES. 

	Electrode
	Linear range

(mol L-1)
	LOD 

(mol L-1)
	References

	Silver

Glassy carbon
	2x10-9 – 1x10-8
3.93x10-9 – 9.03x10-3
	4x10-10

1.78x10-7
	15
16

	Glassy carbon

Carbon paste
	2.19x10-8 – 1.53x10-7
5x10-9 – 1.65x10-7
	1.84x10-8

2x10-9
	17
18

	Graphite
	8x10-9 – 2x10-6 
	4x10-9
	19

	Modified-Indium tin oxide
	2x10-6 - 2x10-5
	8x10-7
	20

	Modified-multi-walled

carbon nanotube
	5x10-7 – 8x10-5
	5.1x10-8
	21

	Modified-carbon paste
	1.31x10-7 – 4.38x10-6 
	5.26x10-8
	22

	BDD 
	1x10-7 - 2.6x10-4
	2.76x10-8
	This work


Boron-doped diamond (BDD) electrode is a type of sp3 carbon material that was discovered by the end of 20th century.23 This electrode became a popular electrode material for electroanalysis because of its commercial availability and advantageous interesting properties, such as wide potential range, low and stable background current, reduced adsorption effects and high current density.24 It also exhibits excellent chemical and electrochemistry stability at aggressive media, and high precision of measurements.25-26 Because of these advantages BDD electrodes have been used as working electrode to sensing of different target compounds of pharmaceutical,27 environmental,28 food29 and biological30-32 interest.
Surfactants (surface-active agents) play a very important role in electroanalytical studies, such as solubilizing organic compounds, and providing specific orientation of the molecules at the electrode interface which heavily influences the electrochemical process of electroactive species.33 Furthermore, adsorption of surfactants on electrodes might significantly change the redox potential, charge transfer coefficients and diffusion coefficients of electrode processes, thus changing the stability of electrogenerated intermediates and electrochemical products. Surfactants are often used as selective masking agents to improve selectivity and sensitivity of electrochemical analysis. Additionally, next to the electrode material, the medium containing surfactant can prevent electrode from fouling due to its unique molecular structure, hydrophilic (attracted to water) head and a hydrophobic (repelled by water) end, properties.34,35 Hexadecyl trimethyl ammonium bromide (HTAB, or cetyltrimethylammonium bromide (CTAB)) is a cationic surfactant that is widely used in the daily life such as shampoos, hair conditioning product and cosmetics. The recent reports of our working group have revealed that a few organic compounds such as capsaicin,35 benzo[a]pyrene36 and pterostilbene37 were determined sensitively and selectively using BDD electrode in the presence of surfactants. 

In this work, a BDD electrode was evaluated in the development of a square-wave adsorptive stripping voltammetric method for RES determination in the commercial dietary supplements in the presence of HTAB. The proposed procedure is characterized by simplicity, with no time-consumed sample preparation step, fast analytical response, and good precision and accuracy.
EXPERIMENTAL
Apparatus 

     All experiments of cyclic voltammetric (CV) and square-wave adsorptive stripping voltammetric (SW-AdSV) measurements were carried out using a µAutolab type III electrochemical system (EcoChemie, The Netherlands) computer controlled potentiostat driven by the GPES 4.9 software package. All SW-AdS voltammograms were smoothed using a Savicky and Golay algorithm and baseline-corrected by the moving average method (peak width of 0.01 V), using the software supplied with the equipment.  All measurements were conducted using a three-electrode configuration in a classical 10 mL electrochemical cell.  The working electrode is a boron-doped diamond (BDD) electrode (Windsor Scientific Ltd., 3.0-mm, diameter), the reference electrode an Ag/AgCl (3 M NaCl) electrode (Model RE-1, BAS),  and the auxiliary electrode is platinum wire. Prior to the experimental design stage, electrochemical background response of BDD electrode was investigated after the electrochemical and the mechanical pre-treatment.  Electrochemical pre-treatment procedure consisted of the polarization at -1.5 V (cathodic) and +1.5 V (anodic) of the BDD electrode in 0.5 M H2SO4 for 180 s in a separate cell. The mechanical pre-treatment of BDD electrode was polished manually with slurries prepared from 0.01 μm aluminum oxide on a smooth polishing pad (BAS velvet polishing pat), then rinsed with deionised water thoroughly.  Cathodically pre-treatment found to be the most suitable value yielding with the best background signal, hence it was selected. Before each experiment, the BDD electrode was firstly polarized in a 0.5 M H2SO4 by applying -1.5 V during 180 s. Afterwards, the electrode was pre-treated for 60 s under the same experimental conditions. In this study, the first cathodic surface pre-treatment was daily performed before starting the experimental work. The other step in the procedure was applied before each voltammetric experiment. The pre-treatment procedure was carried out in an independent electrochemical cell. 

Chemicals

     Standard trans-resveratrol was purchased from Sigma. Samples of RES containing capsules were procured from Terraternal Com. Hexadecyl trimethyl ammonium bromide (HTAB), sodium dodecylsulfate (SDS) and tween 20 were purchased from Sigma, Merck and Merck, respectively. Other chemicals used were of analytical grade, and their solutions were prepared with deionized water further purified via a Milli-Q unit (Millipore).  Stock standard solutions of RES  (1 mg mL-1) was prepared in ethanol, stored in dark bottles at 4 0C, and was diluted to the desired concentrations with a selected supporting electrolyte.  Four different supporting electrolytes, namely acetate buffer (0.1 M, pH 4.7), Britton-Robinson buffer (BR, 0.1 M, pH 2-9), phosphate buffer (0.1 M, pH 2.5 and 7.4) and nitric acid (HNO3, 0.1 M) solutions were used. 
Adsorptive stripping voltammetric procedure

    The general procedure for stripping voltammetric analysis of RES was as follows: The required aliquot of the RES working solutions was placed in a cell containing a selected supporting electrolyte in the absence or presence of HTAB. The previously treated BDD electrode was placed in the cell, and the solution was stirred at 500 rpm at a chosen accumulation potential throughout the selected accumulation period. Following the pre-concentration period, the stirring was stopped, and after a 10 s had elapsed, anodic scans were carried out over the range +0.0 to +1.0 V using the SWV technique. The best instrumental parameters for SWV which was used for investigating the determination of RES were as follows: frequency, 50 Hz; scan increment, 12 mV; pulse amplitude, 40 mV. 
Sample preparation

    Terraternal® capsules labeled as containing 300 mg RES was used for the present analytical applications. Other ingredients listed in drug information water, hydroxy, propyl, methyl and cellulose. Ten capsules were opened and their contents were weighed and mixed well. An adequate amount of the resulting powder was weighed and transferred into a 50-mL calibrated dark flask, which was completed to the volume with ethanol. The content of the flask was sonicated for about 15 min to complete dissolution. The desired concentrations of RES were obtained by taking suitable aliquots of the clear supernatant liquor and diluting with HNO3 solution. An aliquot volume of these solutions was transferred to the voltammetric cell containing the same solution, and analyzed in the day of preparation according to the procedure developed for the pure electrolyte using the calibration curve method from the related regression equation.

RESULTS AND DISCUSSION
Initially, cyclic voltammograms were recorded to get information about the electrochemical behavior of RES. Fig. 1 represents cyclic voltammograms recorded for 50 μg mL-1 RES in 0.1 M HNO3 using BDD electrode within the range 0.0 to +1.0 V at a scan rate of 100 mV s-1. RES was found to give one anodic peak at about +0.71 V vs. Ag/AgCl. No cathodic voltammetric peak was observed after the potential scanning inversion, indicating that the RES oxidation is an irreversible redox process. As illustrated in Figure 1, further potential cycles at the same BDD surface resulted in a decrease of the voltammetric response, which may be due to the desorption of RES molecule out of the electrode surface. This behavior indicated the interfacial adsorptive character of the RES onto the BDD electrode surface. 
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Fig. 1. The repetitive cyclic voltammetric responses of 50 μg mL-1 RES solutions in 0.1 M nitric acid solution for BDD electrode. Scan rate, 100 mV s-1. Dashed lines represent background current.
To ascertain the effect of scan rate on the oxidation peak current of RES, scan rate studies were carried out in the range 100–1000 mV s-1 using CV in 0.1 M nitric acid solution.  The oxidation peak shifted slightly towards more positive potentials as the scan rate increased. The oxidation peak current (Ip) of RES increases linearly with the scan rate (ν) in the range of 100–1000 mV s-1, and can be expressed as following: Ip (μA) = 0.001 v (mV s−1) + 0.769, r= 0.994. This suggests that the electrode reaction at the BDD electrode is controlled by the adsorption process.  
Prior to the sensitive technique (SW-AdSV) experimental design stage, the cleaning procedures of BDD electrode were discussed.  As it is known that BDD electrodes without pre-treatment was not free from passivating problems, and no suitable electroanalytical responses could be obtained when RES solutions were analyzed, and thus a way to restore the initial activity of the BDD electrode surface was necessary. Three different cleaning procedures were considered. First, the electrode was treated by mechanical cleaning (polishing manually with 0.01-µm alumina slurries). A second procedure consisted in a cathodic cleaning (-1.5 V for 180 s in 0.5 mol L-1 H2SO4 ). Finally, the third procedure consisted in an anodic one (+1.5 V for 180 s in 0.5 mol L-1 H2SO4). The cathodic pre-treatment procedure was chosen since it yielded a much better electrode response: more intense current signal and higher reproducibility of the measurements. Furthermore, this pre-treatment was always preceded by an electrochemical cleaning procedure applying a shorter period (-1.5 V for 60 s) in between measurements in order to avoid fouling of the electrode surface as a consequence of the RES electrooxidation reaction.
The adsorption phenomenon of RES can be used as an effective pre-concentration step prior to actual voltammetric quantification of analyte. The AdSV response of RES at BDD electrode was examined using SW excitation waveform, which combines high sensitivity with good peak resolution, and reduces problems with poisoning of the electrode surface. As a consequence, further work was dedicated towards studying the influence of pH and nature of the supporting electrolyte using SW-AdSV approach.  Effect of various supporting electrolytes and pH was studied on the peak current of oxidation peak of RES by SW-AdS voltammetry at a BDD electrode, with an open-circuit mode at 60 s.  Therefore, the buffers Britton–Robinson (pH 2.0–9.0), acetate (pH 4.7), phosphate (pH 2.5 and 7.4), and nitric acid solution, were evaluated. All of these solutions had a concentration of 0.1 M. The influence of the pH on the oxidation peak of RES in Britton–Robinson solutions of pH 2.0–9.0 is shown in Fig. 2A. It was found that peak potential shifted negatively with the increase of solution pH, indicating that the oxidation of RES at the BDD electrode is a pH-dependent reaction. The relationship between the anodic peak potential and the solution pH value (over a pH range between 2.0 and 9.0) could be fit to the linear regression equation of Ep (V) = -0.058pH + 0.844, with a correlation coefficient of r = 0.995. The slope was found to be -58.0 mV/pH units over the pH range 2.0 to 9.0, which is very close to the theoretical value of -59 mV, demonstrating that the number of electron and proton taking part in the electrode reaction is equal. Fig. 2B depicts the square-wave voltammograms obtained 10 μg mL-1 RES in nitric acid, acetate and phosphate buffer solutions. In all voltammograms, just one well-defined oxidation peak was observed when the potential was swept from 0.1 to +1.0 V. As can be seen, RES oxidized at high potentials of 0.68 V in nitric acid and 0.65 V in phosphate (pH 2.5) buffer solutions, and a well-defined oxidation peaks and analytical signals, i.e. the anodic currents density, were observed in nitric acid. In acetate (pH 4.7) and phosphate (pH 7.4) buffer solutions the RES oxidation was observed at 0.56 V and 0.40 V, respectively with the small peak currents being produced than the others. According to the obtained results, the 0.1 M nitric acid solution is the most suitable medium for analytical purposes, yielding the high peak current and better peak shape, which was chosen for further experiments and development of the methodology.
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Fig. 2. SW voltammetric responses of 10 μg mL-1 RES solutions in Britton-Robinson buffer pH 2-9 at different pH values (A), and in various supporting electrolyte (B). Inset of (A) depicts plots of Ep vs. pH. tacc= 60 s at open circuit condition; SWV parameters: frequency, 50 Hz; scan increment, 8 mV; pulse amplitude, 30 mV. 
RES contains an aromatic ring with a reactive hydroxyl group and has a similar chemical structure as the flavonoids. The phenolic groups of flavonoids can be electrochemically oxidised. This phenomena is related mainly with the hydroxyl in its B ring, and the resorcinol group in ring A presents less electroactivity.16 The oxidative peak of RES was detected in this experiment which correspond to the oxidation of 4-hydroxyl in B ring of RES.19 The proposed mechanism for the electrochemical oxidation of RES on BDD electrode is presented in Scheme 1.
Scheme 1. The proposed mechanism for oxidation of RES. 
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In order to test the effect of the types of surfactants including cationic (HTAB), anionic (sodium dodecylsulfate, SDS) and non-ionic (tween 20) was also explored on the electrochemical response of RES at the selected solution. Fig. 3A shows comparison of SW-AdS voltammograms in the presence of different types of surfactants having a concentration of 100 µmol L-1. The results showed that SDS did not effect the oxidation of RES.  However, in the presence of Tween 20 and HTAB, the increase with different degrees in the peak currents was observed as compared with the value obtained in their absence. Regarding the peak potentials, the surfactants type showed a slight shifting towards more positive values. As seen in Fig. 3A the increases of peak current in the presence of HTAB is better than tween 20, hence HTAB is chosen as the most suitable one for further studies. The influence of HTAB concentration on the SW-AdSV behavior of the RES was studied within the range from 1.0 to 200 µmol L-1 for 10 μg mL-1 RES in 0.1 M nitric acid solution. It is also important to underline that, in the potential range considered, there was no HTAB oxidation process observed. As shown in Fig 3B, the peak potential was nearly found to be constant with the increase in HTAB concentration. Fig. 3B inset also shows that RES oxidation peak increased with HTAB concentration up to 100 µmol L-1, after the concentration value, no change in peak potential and peak current was noticed. The HTAB concentration optimized for further analytical studies was 100 µmol L-1, with this providing the highest current peak and the well-defined oxidation peak at +0.75 V. On the other hand, BDD electrode in presence of 100 µmol L-1 as modifying solution showed a sharp and best-defined oxidation peak, which the current intensities that were almost 2.46 times higher than those obtained in free solution. Considering the pKa values of RES (pKa1 = 9.3, pKa2 = 10.0, pKa3 = 10.6,), the compound exists as neutral form (in relatively high hydrophobic character) under the strong acidic condition (in 0.1 M HNO3). Bearing the all above knowledge and our experimental findings in mind, it may be explained the enhanced effect of HTAB on the voltammetric response of RES by their coadsorption on BDD surface. Consequently, HTAB will make the electron exchange easily between the RES and CPT-BDD electrode, and thus enhance the oxidation peak current.
[image: image4.png]13

0325 075

050
E IV vs. AgiAgC

200

T

1
Con. [HTAB]/ wmol L

0.2 075

5 050
E IV vs. AgiAgCI

100




Fig. 3. SW voltammetric responses of 10 μg mL-1 RES in 0.1 M nitric acid solution at BDD electrode in the presence of the surfactants (A), and in the presence of different concentration of HTAB (B). Blue lines represent the voltammogram without the surfactants. Other operating conditions as indicated in Figure 2.
As the electrode progress is controlled by the adsorption of RES, it is important to investigate the effects of pre-concentration period, such as accumulation time (tacc) and accumulation potential (Eacc).  Keeping accumulation potential at open-circuit condition at a concentration of 2.5 μg mL-1 in 0.1 M nitric acid containing 100 μmol L-1 HTAB solution,  the oxidation peak current of RES gradually increased with increasing accumulation time from 0 to 60 s, and reached the maximum peak current response at 60 s. Further increasing the accumulation time (60-360 s), there is a slight increase in the current response. Therefore, an accumulation time of 60 s was used for each voltammetric measurement of RES. Keeping the accumulation time as 60 s at a concentration of 2.5 μg mL-1,   the accumulation potential was investigated in either at open-circuit condition or over the potential range from +0.1 to +0.7 V with an accumulation time of 60 s. The results prove that varying accumulation potential shows the influence on the increase of RES oxidation current. The peak current reached its maximum at an accumulation potential of 0.1 to 0.3 V and at open-circuit condition. Herein, open-circuit condition is chosen as the optimum accumulation potential since the best baseline was obtained. 

Further work was dedicated towards studying the effect of SW parameters, such as frequency (f), pulse amplitude (a) and scan increment (ΔEs) for 2.5 μg mL-1 RES were evaluated under the optimum experimental conditions. When the f changed from 25 to 125 Hz (ΔEs= 8 mV, a= 30 mV) the peak current increased linearly, however the background current and noise were also increased at f values higher than 50 Hz. Thus, f= 50 Hz was selected for all subsequent experiments. The influence of a was studied in the range from 20 to 60 mV (remaining parameters: ΔEs= 8 mV, f = 50 Hz).  The peak current of RES rapidly increased until a = 60 mV.   However, the best peak morphology and sharper one was obtained at 40 mV, since the peak became wider and deformed at higher values of a. Hence, a=40 mV was chosen for all following experiments. When the ΔEs was changed from 6 to 14 mV, and the remaining parameters were constant (f = 50 Hz, a = 40 mV), the recorded signal increased until the value of 12 mV followed by slowlier increase from 12 to 14 mV. In addition, at higher values of 12 mV, an increase in ΔEs resulted in a broading in the voltammograms were observed. The ΔEs of 12 mV was chosen for next experiments. 

Calibration was performed on the BDD electrode for the determination of RES using the following suitable conditions: accumulation at open-circuit condition; tacc=60 s,  f = 50 Hz, a = 40 mV, and ΔEs= 12 mV in 0.1 M nitric acid containing 100 μmol L-1 HTAB solution. BDD electrode exhibited a good linear response to RES over two linear ranges, one from 0.025 to 2.0 μg mL-1 (1x10-7-8.8x10-6 mol L-1), and a second linear range from 2.5 to 60 μg mL-1 (1x10-5-2.6x10-4 mol L-1) (Fig. 4). The linear regression equations were Ip / µA = 1.118 (c / µg mL-1) + 0.182 (r= 0.993, n=8), and Ip / µA = 0.289 (c / µg mL-1) + 2.729 (r= 0.994, n=10), respectively. The concentration of RES can be established in the range of 0.025-60 μg mL-1(1x10-7-2.6x10-4 mol L-1), the linear regression equation was Ip / µA = 0.327 (c / µg mL-1) + 1.261 (r= 0.988, n=18). 
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Fig. 4. SW voltammetric responses at BDD electrode in 0.1 M nitric acid solution with 100 µmol L-1 HTAB containing different concentration of RES from 0.025 to 2.5 µg mL-1 (A)  and from 2.5 to 60  µg mL-1 (B). Insets depict a corresponding calibration plot for the quantitation of RES. tacc= 60 s at open-circuit condition; SWV parameters: frequency, 50 Hz; scan increment, 12 mV; pulse amplitude, 40 mV.

From the data obtained by the analytical curves (0.025-60 μg mL-1), the detection (LOD) and quantification (LOQ) limits were calculated using the formulas 3 s/m and 10 s/m, respectively, where s is the standard deviation of the response (blank) (five runs), and m the slope of the calibration plot. LOD and LOQ were estimated to be 0.0063 μg mL-1 (2.76x10-8 mol L-1), and 0.021 μg mL-1 (9.19x10-8 mol L-1), respectively. Table 1 shows a comparison of the analytical performance of RES between the results presented in this work and similar data obtained by using other electrode surfaces previously reported in literature. BDD electrode exhibited a more sensitive electrochemical response for the oxidation of RES than the others, except silver,15 glassy carbon,17 carbon paste18 and graphite19 electrodes. On the other hand, in the case of silver, glassy carbon, carbon paste and graphite electrode, their sensitivity is approximately small-times higher than BDD electrode. Based on the above, it can be seen the some advantage of the present methodology such as a wide linear range, good analytical sensitivity and simplicity which enables its use without time-consuming a procedure for cleaning of the electrode surface. 
To estimate the repeatability of the proposed method, the BDD electrode has been evaluated by repetitive determinations of at a concentration level of 2.5 µg mL-1 for RES. The results of eight replicate measurements showed a relative standard deviation (RSD) of 2.39% indicating that the results are repeatable. Further, inter-day repeatability was examined by measuring the current response of the BDD electrode for five consecutive days for the same concentration of RES and the RSD was found to be 6.35%. The experimental results indicated that the BDD electrode possessed a good sensitivity and repeatability for determination of RES. 

Voltammetric responses of BDD electrode to RES were investigated in the presence of some possible interfering inorganic ions and organic compounds. The tolerance limit was defined as the maximum concentration of potential interfering substance that causes a relative error less than ±5% for determination of 2.5 µg mL-1 RES.  The interference of some metal ions was examined. At about 50-fold excess, K+, Na+, Mg2+, Ca2+, Cu2+, Zn2+ and Fe3+ did not significantly influence the height of the peak currents at BDD electrode under the selected experiment conditions. The effects of different organic compounds were also examined; no substancial change was observed for 2.5 µg mL-1 RES in the presence of at about 10-fold excess salicylic acid, glucose, fructose, and sucrose. However, the voltammetric peak potentials of pterostilbene were overlapped together at the BDD electrode when even an analyte-interferent ratio of 1:1 was used. Therefore, when it is present, separation procedure is required before determination.

The applicability of the BDD electrode for SW-AdSV determination of RES was verified by analysis of RES-containing dietary supplement samples (Terraternal® capsules, declared content of RES 300 mg/capsule). The analyzed solutions were prepared as it was described in the sample preparation section, after simply dissolving samples in selected medium and diluting the resulting solution to a target concentration within the second linear range since the r value is better than the others. Quantification for the sample was performed by means of the calibration curve method from the related regression equation. It was found the mean value of 29.68 μg mL-1 of RES in the measurement cell. Taking into account the successive dilutions of the sample, RES content was calculated to be 296.8±3.23 mg per capsule, which approximates the label value of 300 mg per capsule declared by producer. In order to know whether the common excipients and filling materials present in the analyzed capsules show any interference with the analysis, the recovery experiments were carried out adding standard RES solutions (5, 20 and 40 µg mL-1) prepared in supporting electrolyte to 10 mL of sample solution in voltammetric cell and SW-AdS voltammetric responses were evaluated. Recovery of RES was calculated by comparing the concentration obtained from the spiked mixtures with those of the pure RES. The value of recovery is in the range from 93.1% to 97.4%, indicating the absence of matrices interference effect.  It was found that RES amount can be quantitatively recovered by the proposed method, being thus a guarantee of the accuracy and feasibility of the voltammetric determination of RES in the commercial dietary supplements. 
CONCLUSIONS
A cathodically pre-treated BDD electrode was used in combination with the SW-AdSV technique to develop a novel and alternative electroanalytical method for RES determination. The results indicate that the electrochemical response of RES can be facilitated by the cationic surfactant HTAB. Taking advantage of the significant surfactant effect on the electrochemical response of RES, BDD electrode combined with highly sensitive and accurate SW-AdSV could allow to an attractive trace analysis of this compound. Consequently, the proposed approach is simple, fast, sensitive, precise, and accurate, being applicable directly to the analysis of the samples of the commercial dietary supplements after a simple preparation of samples and without suffering from the interference of other ingredients.
REFERENCES
1. J. I. Cacho, N. Campillo, P. Viñas, M. Hernández-Córdoba, J. Chromatogr. A 1315 (2013) 21
2. J. M. Sales, A. V. A. Resurreccion, Crit. Rev. Food Sci. Nutr. 54 (2014) 734

3. J. Goncalves, J. S. Camara, J. Sep. Sci. 34 (2011) 2376

4. H. J. Kim, E. J. Chang, S. H. Cho, S. K. Chung, H. D. Park, S. W. Choi, Biosci. Biotechnol. Biochem. 66 (2002) 1990

5. A. Bertelli, M. Falchi, B. Dib, E. Pini, S. Mukherjee, D. K. Das, Antioxid. Redox. Signaling. 10 (2008) 403

6. S. Bradamante, L. Barenghi, A. Villa, Drug. Rev. 22 (2004) 169

7. B. B. Aggarwal, A. Bhardwaj, R. S. Aggarwal, N. P. Seeram, S. Shishodia, Y. Takada,  Anticancer. Res. 24 (2004)  2783

8. D. R. Valenzano, E. Terzibasi, T. Genade, A. Cattaneo, L. Domenici, A. Cellerino, Curr. Biol. 16 (2006) 296

9. Q. Lu, Q. Zhao, Q-W. Yu, Y-Q. Feng, J. Agric. Food. Chem.  63 (2015) 4771

10. X. Chen, H. He, G. Wang, B. Yang, W. Ren, L. Ma, Q. Yu,  Biomed. Chromatogr. 21 (2007) 257 

11. Y. Ruiz-García, C. L. Silva, E. Gómez-Plaza, J. S. Câmara, Food. Anal. Methods 9 (2016)  670
12. A. M. Ares, m. E. Soto, M. J. Nozal, J. L. Bernal, M. Higes, J. Bernal, Food. Anal. Methods 8 (2015) 1565 

13. T. Rodríguez-Cabo, I. Rodríguez, R. Cela, J. Chromatogr. A 1258 (2012) 21
14. X. Gu, L. Creasy, A. Kester, M. Zeece, J. Agric. Food. Chem. 47 (1999) 3223 
15. D. Sheying, Z. Jianbin, N. Yanli, G. Hong, Chem. J. Chinese. U. 24 (2003) 428 
16. O. Corduneanu, P. Janeiro, A. M. O. Brett, Electroanal. 18 (2006) 757 
17. D. Airado-Rodríguez, T. Galeano-Díaz, I. Durán-Merás, Food. Chem. 122 (2010) 1320
18. H. Zhang, L. Xu, J. Zheng, Talanta 71 (2007) 19
19. J-X. Liu, Y-J. Wu, F. Wang, L. Gao, B-X. Ye, J. Chinese. Chem. Soc. 55 (2008) 264
20. H. Y. Xiang, W. G. Li, Electroanal. 21 (2009) 1207
21. Z. Zhaohui, H. Yufang, Z. Huabin, C. Jiao, Y. Shouzhuo, Acta Chimica Sinica 68 (2010)  431
22. B. Pekec, A. Oberreiter, S. Hauser, K. Kalcher, Int. J.  Electrochem. Sci. 7 (2012) 4089 

23. Y. V. Pleskov, A. Y. Sakharova, M. D. Krotova, L. L. Bouilov, B. V. Spitsyn, J. Electroanal. Chem. 228 (1987) 19
24. A. Kraft, Int. J. Electrochem. Sci. 2 (2007) 355
25. J. V. Macpherson, Phys. Chem. Chem. Phys. 17 (2015) 2935
26. T. A. Silva, G. F. Pereira, O. Fatibello-Filho, K. I. B. Eguiluz, G. R.  Salazar-Banda, Diam. Relat. Mater. 58 (2015) 103
27. L. Švorc, K. Cinková, J. Sochr, M. Vojs, M. Michniak, M. Marton, J. Electroanal. Chem. 728 (2014) 86
28. L. Janíková-Bandžuchová, R. Šelešovská, K. Schwarzová-Pecková, J. Chýlková, Electrochim. Acta 154 (2015) 421
29. P. B. Deroco, R. A. Medeiros, R. C. Rocha-Filho, O. Fatibello-Filho, Anal. Methods 7 (2015) 2135
30. A. Preechaworapun, T. A. Ivandini, A. Suzuki, A. Fujishima, O. Chailapakul, Y. Einaga, Anal. Chem. 80 (2008) 2077
31. M. Brycht, S. Skrzypek, K. Kaczmarska, B. Burnat, A. Leniart, N. Gutowska,  Electrochim. Acta 169 (2015) 117 

32. D. M. Stankovic, Anal. Biochem. 486 (2015) 1
33. R. Vittal, H. Gomathi, K-J. Kim, Adv. Colloid Interface Sci. 119 (2006) 55
34. Y. Wang, J. Zhi, Y. Liu, J. Zhang, Electrochem. Commun. 13 (2011) 82
35. Y. Yardım,  Electroanal. 23 (2011) 2491 
36. Y. Yardım, A. Levent, E. Keskin, Z. Şentürk, Talanta 85 (2011) 441
37. A. Yiğit, Y. Yardım, S. Ö. Zorer, Z. Şentürk, Sens. Actuators. B Chem. 231 (2016) 688 
_1501671721.cdx

