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Square wave voltammetric net peak potentials of investigated microparticles  increase in the order 

delphinidin < epigallocatechin gallate < epigallocatechin < cyanidin < myricetin < pelargonidin < 

epicatechin gallate. This order is explained by the structural differences. 
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1. INTRODUCTION 

Among the methods for investigation of electrochemical properties of solids, the voltammetry 

of microcrystals, also known as abrasive stripping voltammetry, is particularly useful [1 - 3]. Its 

procedure consists of mechanical immobilization of microparticles of water-insoluble matter on the 

surface of graphite electrode, which is then used as the working electrode in voltammetric experiment 

[4 - 6]. This method can be applied for qualitative analysis of alloys [1, 4], inorganic [2, 3] and organic 

compounds [5 - 9] and medicaments [10, 11]. We have used it for the determination of oxidation 

potentials of powders of several anthocyanidins [12], catechins [13] and myricetin [14]. These 

compounds are natural antioxidants and may exhibit antiviral, anti-inflammatory and antitumor 

activities [15 - 26]. In the reaction of antioxidant with free radical either electron or proton can be 

transferred first, or the transfers of both can occur simultaneously [27 - 29]. This reaction order 

depends on the ionization potential and the enthalpies of proton and O-H bond dissociations. 

Nucleophilic radicals are scavenged by the one-step transfer of hydrogen atom, while electrophilic free 
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radicals are deactivated through single electron transfer [27, 30]. For the latter reaction the activity of 

compound can be estimated from its electrooxidation potential [31 - 35]. 

In this short communication the results of above mentioned abrasive stripping square wave 

voltammetric measurements of several antioxidants are summarized and compared with literature data. 

 

 

 

2. EXPERIMENTAL 

Cyanidin chloride (C15H11O6Cl), delphinidin chloride (C15H11O7Cl),  pelargonidin chloride 

(C15H11O5Cl) and myricetin (HPLC grade, ≥ 95 %) were purchased from Extrasynthese (France). The 

catechins (-)-epigallocatechin gallate ( 95 %), (-)-epigallocatechin ( 95 %) and (-)-epicatechin 

gallate ( 95 %) (all Sigma-Aldrich, St Louis, USA) were used as received. For the supporting 

electrolyte analytical grade KNO3 and HNO3 (Kemika, Zagreb) were used. All buffer solutions (pH 3-

11) were obtained from Kemika, Zagreb, analytical grade.  Purified water from a Millipore Milli-Q 

system (resistivity 18.2 M cm) was used throughout the study. The liquid electrolyte was 0.1 M 

KNO3 buffered to the particular pH. 

Voltammetric measurements were carried out using the computer-controlled electrochemical 

system Autolab PGSTAT 30 (Eco-Chemie, Utrecht, Netherlands). A three-electrode system (Methrom, 

Switzerland) with a spectral-grade paraffin-impregnated graphite rod (diameter 5 mm, length 50 mm) 

as the working electrode, an Ag/AgCl (3 M KCl) electrode as a reference electrode (E = 0.210 V vs 

SHE at 20 ºC) and a platinum wire counter electrode was used. Working electrode was mechanically 

cleaned before each run. Its circular surface was rinsed with distilled water, polished on a wet 

polishing cloth, rinsed again, dried with a fine-grade paper tissue and carefully polished on a dry, white 

paper sheet. Then it was contaminated with microparticles of anthocyanidins, catechins or myricetin by 

pressing it into a small pile of substance powder on a highly glazed ceramic tile and moving it with a 

circular motion. The working electrode was immersed in the electrolyte only during the voltammetric 

measurements. Less than 1 mm of the graphite rod was immersed in the electrolyte.  

The solutions were degassed with high-purity nitrogen prior to the electrochemical 

measurements. A nitrogen blanket was maintained thereafter. All experiments were performed at room 

temperature. 

 

 

 

3. RESULTS AND DISCUSSION 

The following compounds were investigated: delphinidin, pelargonidin, cyanidin [12] (Scheme 

1), epigallocatechin gallate, epigallocatechin, epicatechin gallate [13] (Scheme 2) and myricetin [14] 

(Scheme 3). Electrochemical properties of their microcrystals immobilized on the surface of graphite 

electrode were measured by square wave voltammetry. Two examples are shown in Figure 1. The 

details of voltammetric responses were published previously [12 - 14]. All electrode reactions 

appeared reversible. The net peak potentials of voltammograms of investigated substances are reported 

in the Table 1. It can be noted that the potentials increase from delphinidin to epicatechin gallate. This 
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is in agreement with literature data [15, 19, 28, 30, 32, 35 - 46]. It was demonstrated previously that 

oxidation peak potentials of anthocyanidins increase in the order delphinidin < cyanidin < pelargonidin 

[32, 38, 39].  

 

O
+

HO

HO

1

3

2

4

5

6

2

3

4
5

6

7
8

,

,

,

,

,

B

CA

4 Cl
-

R

R2
3

R

R

 
 

Scheme 1. Structural formulae of cyanidin (R1: OH, R2: OH, R3: H, R4: OH),  delphinidin (R1: OH, R2: 

OH, R3: OH, R4: OH) and pelargonidin (R1: H, R2: OH, R3: H, R4: OH). 
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Scheme 2. Structural formulae of epigallocatechin gallate (R1: OH, R2: OH, R3: OH, R4: galloyl 

group), epigallocatechin (R1: OH, R2: OH, R3: OH, R4: OH) and epicatechin gallate (R1: OH, 

R2: OH, R3: H, R4: galloyl group). 
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Scheme 3. Structural formula of myricetin. 
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Figure 1. Abrasive stripping square-wave voltammetry of delphinidin (A) and pelargonidin (B) on the 

paraffin-impregnated graphite electrode in 0.1 mol/L KNO3 at pH 2. A net response (ΔI) and 

its forward (If) and backward (Ib) components are shown. The frequency is 8 Hz, the pulse 

amplitude is 50 mV, the potential increment is 2 mV, the starting potential is 0 V vs. Ag/AgCl 

and the scan direction is positive. 

 

Table 1. Net peak potentials of voltammograms of immobilized microparticles at pH 2 

  

Compound Ep,1 / V vs Ag/AgCl Ep,2 / V vs Ag/AgCl 

delphinidin 0.327  

epigallocatechin gallate 0.365 0.486 

epigallocatechin 0.373  

cyanidin 0.403  

myricetin 0.415  

pelargonidin 0.440  

epicatechin gallate  0.480 
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Also, it is known that cyclic voltammogram of epigallocatechin gallate exhibits two peaks that 

appear at potentials which are close to potentials of oxidation maxima of epigallocatechin and 

epicatechin gallate, respectively, and that the difference between these two peak potentials is about 0.1 

V [40, 41]. Oxidation potentials reported for quercetin are similar to our results obtained for myricetin 

[42 – 44, 47 - 49] and the latter was shown to be weaker scavenger for electrophilic radicals than 

epigallocatechin [30]. Furthermore, the products of oxidation of morin and pelargonidin are similar 

(Scheme 4) and the oxidation peak potential of morin is 0.48 V vs Ag/AgCl at pH 2 [41, 45]. Finally, 

epicatechin gallate and taxifolin share the same electroactive moiety and have similar oxidation 

potentials, which is 0.500 V at pH 2 for the latter [46, 50]. 
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Scheme 4. Structural formula of the oxidized pelargonidin. 

 

The difference in oxidation peak potentials shown in Table 1 is caused by the difference in 

structure of these compounds [15, 19]. Previously it was discovered that the superoxide radical 

scavenging activity of myricetin and epigallocatechin was much higher compared to quercetin and 

epicatechin, which showed the superiority of pyrogallol over catechol as the antioxidant [32, 41, 51, 

52]. We agree that the most important is the number of conjugated hydroxyl groups in the molecule 

[36]. In delphinidin and myricetin this number is 4 and in epigallocatechin gallate and epigallocatechin 

it is 3. The second factor is the electron-donor double bond between the positions 3 and 4 in the C ring 

of delphinidin [27, 32, 37, 53, 54] comparing to the electron-withdrawing ketone group on the position 

4 in the C ring of myricetin [32, 35, 55]. This is the reason for the difference in oxidation potentials 

between these two compounds. 

 

 

 

4. CONCLUSIONS 

Electrooxidation potentials of seven antioxidants were measured by the abrasive stripping 

voltammetry. All investigated electrode reactions were reversible. Square-wave voltammetric peak 

potentials of immobilized microparticles are consistent with available knowledge, which confirms that 

this technique may be used for the estimation of antioxidant activity of solids. Its advantage is that 

there is no influence of adsorption of oxidation products on the electrode surface.  
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The results obtained in this work show that the pyrogallol group is more easily oxidized than 

the catechol group. The oxidation potential is particularly low if the hydroxyl group on the position 3 

in the C ring of molecule is conjugated to pyrogallol group in the B ring, but the ketone group on the 

position 4 in the C ring inhibits the oxidation. 

 

 

ACKNOWLEDGEMENT 

The financial support by the Croatian Science Foundation in the frame of the project number IP-11-

2013-2072 is gratefully acknowledged. 

 

 

References 

 

1. F. Scholz, B. Meyer, in A.J. Bard, I. Rubinstein (eds.), Electroanalytical chemistry, Vol. 20, Marcel 

Dekker, New York, 1998. 

2. T. Grygar, F. Marken, U. Schroeder, F. Scholz, Collect. Czech. Chem. Commun. 67 (2002) 163 

3. F. Scholz, U. Schroeder, R. Gulaboski, Electrochemistry of immobilized particles and droplets, 

Springer, Berlin, 2005. 

4. F. Scholz, B. Lange, Trends Anal. Chem. 11 (1992) 359 

5. Š. Komorsky-Lovrić, J. Solid State Electrochem. 1 (1997) 94 

6. A. Domenech-Carbo, M.T. Domenech-Carbo, V. Costa, Electrochemical methods in archaeometry, 

conservation and restoration, Springer, Berlin, 2009. 

7. Š. Komorsky-Lovrić, V. Mirčeski, F. Scholz, Mikrochim. Acta 132 (1999) 67 

8. T. Grygar, Š. Kučkova, D. Hradil, D. Hradilova, J. Solid State Electrochem. 7 (2003) 706 

9. A. Domenech-Carbo, M.T. Domenech-Carbo, M. Calisti, V. Maiolo, Talanta 81 (2010) 404 

10. A. Domenech-Carbo, J. Labuda, F. Scholz, Pure Appl. Chem. 85 (2013) 609 

11. A. Domenech-Carbo, M. Martini, L. Machado de Carvalho, C. Viana, M.T. Domenech-Carbo, M. 

Silva, J. Pharm. Biomed. Anal. 74 (2013) 194 

12. Š. Komorsky-Lovrić, I. Novak, J. Food Sci. 76 (2011) C916 

13. Š. Komorsky-Lovrić, I. Novak, Collect. Czech. Chem. Commun. 74 (2009) 1467 

14. Š. Komorsky-Lovrić, I. Novak, Electrochim. Acta 98 (2013) 153 

15. C. A. Rice-Evans, N. J. Miller, G. Paganga, Free Rad. Biol. Med. 20 (1996) 933 

16. M. Kumamoto, T. Sonda, Biosci. Biotechnol. Biochem. 62 (1998) 175 

17. K. Kondo, M. Kurihara, N. Miyata, T. Suzuki, M. Toyoda, Free Rad. Biol. Med. 27 (1999) 855 

18. K. Mukai, S. Nagai, K. Ohara, Free Rad. Biol. Med. 39 (2005) 752 

19. R. Guzman, C. Santiago, M. Sanchez, J. Molec. Struct. 935 (2009) 110 

20. T. M. Scarabelli, S. Mariotto, S. Abdel-Azeim, K. Shoji, E. Darra, A. Stephanou, C. Chen-

Scarabelli, J. D. Marechal, R. Knight, A. Ciampa, L. Saravolatz, A. Carcereri de Prati, Z. Yuan, E. 

Cavalieri, M. Menegazzi, D. Latchman, C. Pizza, D. Perahia, H. Suzuki, FEBS Letters 583 (2009) 

531 

21. K. Patel, A. Jain, D. K. Patel, J. Acute Disease (2013) 169 

22. S. C. Chae, J. H. Lee, S. U. Park, EXCLI J. 12 (2013) 225 

23. M. T. Tolić, I. Landeka Jurčević, I. Panjkota Krbavčić, K. Marković, N. Vahčić, Food Technol. 

Biotechnol. 53 (2015) 171 

24. M. Ćurković-Perica, S. Likić, G. Rusak, Croat. Chem. Acta 87 (2014) 79 

25. M. Pantelić, D. Dabić, S. Matijašević, S. Davidović, B. Dojčinović, D. Milojković-Opsenica, Ž. 

Tešić, M. Natić, Sci. World J. (2014) Art. ID 454797 

26. M. Rapajić, D. Bursač Kovačević, P. Putnik, V. Dragović-Uzelac, J. Kušt, Z. Čošić, B. Levaj, 

Food Technol. Biotechnol. 53 (2015) 215 



Int. J. Electrochem. Sci., Vol. 11, 2016 

  

842 

27. L. Estevez, R. A. Mosquera, J. Phys. Chem. A 112 (2008) 10614 

28. M. Leopoldini, N. Russo, M. Toscano, Food Chem. 125 (2011) 288 

29. A. Masek, E. Chrzescijanska, M. Zaborski, Int. J. Electrochem. Sci. 9 (2014) 7875 

30. A. Perez-Gonzalez, A. M- Rebollar-Zepeda, J. R. Leon-Carmona, A. Galano, J. Mex. Chem. Soc. 

56 (2012) 241 

31. S.V. Jovanovic, S. Steenken, Y. Hara, M.G. Simic, J. Chem. Soc. Perkin Trans. 2 (1996) 2497 

32. S.A.B.E. van Acker, D.J. van den Berg, M.N.J.L. Tromp, D.H. Griffioen, W.P. van Bennekom, 

W.J.F. van der Vijgh, A. Bast, Free Rad. Biol. Med. 20 (1996) 331 

33. B. Yang, A. Kotani, K. Arai, F. Kusu, Anal. Sci. 17 (2001) 599 

34. H. Hotta, S. Nagano, M. Ueda, Y. Tsujino, J. Koyama, T. Osakai, Biochim. Biophys. Acta 1572 

(2002) 123 

35. E. S. Gil, R. O. Couto, Braz. J. Pharmacognosy 23 (2013) 542 

36. W. E. Kurtin, P. S. Song, Tetrahedron 24 (1968) 2255 

37. K. Sakata, N. Saito, T. Honda, Tetrahedron 62 (2006) 3721 

38. P. Janeiro, A.M. Oliveira Brett, Electroanalysis 19 (2007) 1779 

39. A.A. de Lima, E.M. Sussuchi, W.F. De Giovani, Croat. Chem. Acta 80 (2007) 29 

40. P.A. Kilmartin, C.F. Hsu, Food Chem. 82 (2003) 501 

41. K. Furuno, T. Akasako, N. Sugihara, Biol. Pharm. Bull. 25 (2002) 19 

42. O. Makhotkina, P.A. Kilmartin, Anal. Chim. Acta 668 (2010) 155 

43. F. Gutierrez, G. Ortega, J.L. Cabrera, M.D. Rubianes, G.A. Rivas,  Electroanalysis 22 (2010) 2650 

44. A.M. Oliveira Brett, M.E. Ghica, Electroanalysis 15 (2003) 1745 

45. P. Janeiro, A.M. Oliveira Brett, Electroanalysis 17 (2005) 733 

46. P. Janeiro, O. Corduneanu, A.M. Oliveira Brett, Electroanalysis 17 (2005) 1059 

47. Y. Zheng, L. Ye, L. Yan, Y. Gao, Int. J. Electrochem. Sci. 9 (2014) 238 

48. J. Leng, P. Li, L. Bai, Y. Peng, Y. Yu, L. Lu, Int. J. Electrochem. Sci. 10 (2015) 8522 

49. H. Wang, Y. Duan, G. Zhao, Z. Wang, G. Liu, Int. J. Electrochem. Sci. 10 (2015) 8759 

50. A. Masek, E. Chrzescijanska, M. Zaborski, Int. J. Electrochem. Sci. 10 (2015) 2504 

51. V. Mendes, R. Vilaca, V. de Freitas, P. Moradas Ferreira, N. Mateus, V. Costa, Oxidat. Med. Cell. 

Longevity (2015) Art. ID 782504 

52. M. M. Liu, S. M. Han, X. W. Zheng, L. L. Han, T. Liu, Z. Y. Yu, Int. J. Electrochem. Sci. 10 

(2015) 235 

53. G. K. Pereira, P. M. Donate, S. E. Galembeck, J. Molec. Struct. (Theochem) 392 (1997) 169 

54. Z. Liu, J. Molec. Struct. (Theochem) 862 (2008) 44 

55. S. Erkoc, F. Erkoc, N. Keskin, J. Molec. Struct. (Theochem) 631 (2003) 141 

 

 

© 2016 The Authors. Published by ESG (www.electrochemsci.org). This article is an open access 

article distributed under the terms and conditions of the Creative Commons Attribution license 

(http://creativecommons.org/licenses/by/4.0/).   

 

http://www.electrochemsci.org/

