Research Article GU J Sci 32(4): 1123-1136 (2019) DOI: 10.35378/gujs.490523

Gazi University Iy
Journal of Science NRBLELOCEEEEORLRLES
nnnlea"""gnnn
unnnu_‘rm‘f !!E:EE

http://dergipark.gov.tr/gujs

Sensitive and Selective Pathway of Total Antioxidant Capacity in
Commercially Lemon, Watermelon and Mango-pineapple Cold Teas by
Square Wave Adsorptive Stripping Voltammetry
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Highlights
« It is possible to analyze the antioxidant capacity (AC) in tea samples by voltammetric pathway.
*A fast and simple voltammetric method was developed to evaluate AC.
*AC was deduced without any pretreatment application such as extraction, evaporation or separation.

Article Info Abstract

The present work describes a convenient method for the sensitive and selective pathway of total
Received: 30/11/2018 antioxidant capacity (TAC) in lemon, watermelon and mango-pineapple cold teas by square wave
Accepted: 25/04/2019 adsorptive stripping voltammetry (SWAdSV) that is major electroanalytical methods on a carbon

paste electrode. Anodic peak current of p-coumaric acid exhibited a well oxidation peak at 780
mV was used as a standard to evaluate TAC in tea samples. In addition, the very well-resolved

Keywords and reproducible anodic processes, such as accumulation time, frequency, step potential etc. were
Antioxidant optimized for the SWAdSV method. The potential applicability of the proposed SWAdSV was
Voltammetry illustrated in commercial teas samples. SWAdSV proved to be a faster and easier method to
Tea calculate TAC compared to other conventional methods. Furthermore, total antioxidant amounts
Electrochemistry of commercially lemon, watermelon and mango-pineapple cold teas were found in optimum

condition as equivalent to a concentration of 2050+15mg/L, 705+10 mg/L and 808+14 mg/L p-
coumaric acid (n=3, 95% confidence level), respectively.

1. INTRODUCTION

Nowadays-phenolic compounds, especially p-coumaric are abundant in not only food but also in beverages,
so they became popular in industrial and scientific researches. The main reason why they are so popular in
S0 many areas is that they have extremely significant influences on human body. Their antioxidant activity
which is assembling of all redox pairs in the system is preventing oxidative degradation which is important
for human health.

In other words, these compounds, even if they are present at low concentrations, can inhibit or decrease the
harmful effects of reactive species on human health [1]. Furthermore, they can inhibit or activate special
enzymes, control gene expressions, prevent lipid peroxidation and restrain risks of diseases like cancer [2—
5]. Beside antioxidant activity, phenolic compounds also have chemo preventive and pharm therapeutic
properties. These properties involve anti-inflammatory, anti-allergic, antimicrobial, anti-hemorrhagic,
antiparasitic, antibacterial, antifungal, anticarcinogenic, antiviral and cardio protective actions [6,7].

Researches showed that there is a strong connection between the antioxidant compounds which similarity
of structure for the phenolic agents and their electrochemical properties. The anodic peaks are responsible
from good antioxidant activities where can be measure by electroanalytical methods [8]. These methods
can divide into chromatographic and electrochemical applications that can perform characterization and
quantification of phenolic compounds and their total content. Chromatographic methods are commonly
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used for qualitative measurements of polyphenols, they are fast, reliable and stable devices with a limit
detection between 10-8 to 10-12 M [9-12]. However, the handling problems, solvent usage, samples
pretreatment obligations, high cost and standard variations are limiting the high throughput analytical
quality control [13,14].

On the other hand, electrochemical methods are proved to be powerful device for the evaluation of
electrochemical behavior of phenolic agents and their oxidation mechanisms performing total antioxidant
capacity (TAC) compare with trolox equivalent antioxidant capacity (TEAC), ferric reducing antioxidant
power (FRAP), 1,1-diphenyl-2-picrylhydrazyl (DPPH) and cupric reducing antioxidant capacity
(CUPRAC) assay. These methods are fast, inexpensive and valuable alternative analytical technique that
combines low operating and equipment costs and provides high precision and selectivity. Among
electrochemical methods, using cyclic voltammetry (CV) [15], square wave voltammetry (SWV) [16] and
differential pulse voltammetry (DPV)[17], have been the most trusted and commonly used electrochemical
methods since one of the main objectives is to determine the TAC. Using different working electrodes are
commonly preferred by researchers at voltammetric applications for various types of drug, agriculture
substance analysis because of their easy sample preparation, quickness, sensitivity, cost effective
instrumentation and possibility for the analysis of analyte in complex solution samples. [18-21]. All these
electrochemical studies have improved to explain oxidation reaction of various natural polyphenols
compounds and help us to understand, or to predict about how their chemical structure realized and deduce
their ability to act as antioxidants [22]. Over the last decade, interest in antioxidant compounds has
significantly attracted day by day due to different applications in biological, health, pharmaceutical and
food industries [23-25]. The p-coumaric acid is one of the most important secondary metabolites with many
physiological effects such as a strong antioxidant, anxiolytic, antimicrobial and immunoregulatory agent
[23, 26]. The determination of p-coumaric acid as a significantly antioxidant was mostly studied by high
performance liquid chromatography (HPLC), thin layer chromatography, gas chromatography (GC) and
spectrophotometric analysis [27,28]. However, there have been ongoing works on the determination of p-
coumaric acid by the high selective and sensitive methods [29-32]. It needs a novel analytical technique
which is high-throughput analysis, cost-effective, and easy application. Hence, due to the great advantages
of the electrochemical methods over the last few years, it has received great interest [21; 33-36].

In this study, electrochemical methods such as square wave adsorptive stripping voltammetry (SWAdSV)
and cyclic voltammetry (CV) were used on carbon paste electrode (CPE) for the investigation of behavior
p-coumaric acid in detailed. The analysis of total antioxidant capacity (TAC) in the commercially cold tea
samples by using possible oxidation peak current of p-coumaric acid using SWAdSV. The aim of this study
is to improve a fully validated, fast and simple electrochemical method without any time pretreatment such
as evaporation extraction and separation steps before to measure for the direct identification of TAC in
natural samples.

2. MATERIALS and METHODS
2.1. Instrumentation

The square wave adsorptive stripping voltammetric (SWAdSV) and cyclic voltammetric (CV) studies were
performed by using a CHI440B Electrochemical Analyzer (CH Instruments, Inc., USA). An
electrochemical cell (BAS C3 stand) endowed with conventional three electrode systems with a carbon
paste electrode (CPE) (as a working electrode) (BASi MF 2010; @ 3 mm, diameter), a platinum wire (as a
counter) and Ag/AgCl (3.0 M KCI) electrode (as a reference) were used. For fabrication of CPE, carbon
nanotube powder and water immiscible mineral oil was used at a mass ratio of 70% and 30%, respectively.
This mixture, made homogenous in a mortar, was plugged into the hollow part of the BASi MF 2010
electrode. Afterwards, the electrode surface was polished on a polishing cloth. The cleaning process, to
remove the p-coumaric acid adhering on electrode surface and carried out by applying reverse potential at
scan rate 1400 mV to 0 mV in cyclic voltammetric mode. The pH values were obtained by using digital a
pH meter which has accuracy of £ 0.05 (Mettler Toledo, OH, USA).

2.2. Reagents and Solutions
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The analytical standard of p-coumaric acid (>98.0%) was obtained from Sigma-Aldrich. The stock solution
of p-coumaric acid was prepared daily by dissolving it in ethanol (Sigma-Aldrich, 99.8%) as a concentration
of 500 ppm. All other chemicals were provided with an analytical grade and used without any purification
step. 0.04 M Britton—Robinson (B—R) solutions were used as a supporting electrolyte by mixing of 2.7 mL
of orthophosphoric, 2.5 g of boric, and 2.3 mL of acetic acids in triple distilled water. B-R buffer solutions
were created from pH 2.0 to 10.0 by adding the required amount of 5 M NaOH onto this triple acid mixture
and monitoring with a pH meter. All daily prepared stock solutions were stored in a refrigerator at 4.0 °C
and all electrochemical data were carried out at a comfortable ambient temperature 25+2 °C.

2.3. Food Samples Assay Procedure

Different cold tea samples, lemon, watermelon and mango-pineapple, were purchased from a local market.
Prior to measurement, all samples were mixed in the ultrasonic bath for 5 minutes. 0.1 mL of the real sample
solution was directly placed into 10.0 mL of pH 5.0 B-R buffer solution without any purification and
pretreatment food samples. Then, the SWAdSV measurements from 0 to 800 mV were obtained to
determine the antioxidant capacity of food samples under optimum conditions (step potential (AEs) 2 mV;
frequency (f) 250 Hz; puls amplitude (AE) 40 mV; accumulation potential (AEacc) 100 mV; accumulation
time (Atacc) 30 s and pH 5.0 B-R buffer solutions. The voltammetric measurements where repeated three
times and the validation parameters were investigated to support accuracy and precision of method for the
all food samples.

3. RESULTS and DISCUSSION
3.1. Electrochemical Behavior of p-Coumaric Acid

In order to evaluate electrochemical behavior of the p-coumaric acid and characterized substances that
transfer from solution to electrode surface in which adsorption or a diffusion-controlled process, cyclic
voltammograms taken at different scan rate from 10 s to 500 s* in pH 5.0 buffer solution. In the anodic
potential scans, a well-shaped anodic peak of p-coumaric acid was observed nearly at + 800 mV but no
peak was obtained in the potential scans of the cathodic direction as a cathodic peak. In addition, when the
scan rate increased from 10 to 500 mV/s, peak potential of p-coumaric acid shifted towards less positive
potential (Equation 1). These data demonstrated that, p-coumaric acid has irreversible electrochemical
properties on carbon paste electrode.

In order to understand whether substance are transporting by diffusion or adsorption process, the peak
current values of p-coumaric acid were investigated at different scanning rates. According to Laviron's
view, if the slope values of logarithmic scan rate-the logarithmic peak current are 0.5 and 1.0, substance
transport is accepted by diffusion and absorption process, respectively [37]. The logarithm of the scanning
rate against the peak current (log v) was calculated and the slope of logarithm of the scanning rate against
the peak current was found as 1.12 (Equation 2). This value can be accepted to the theoretical value of 1,
which also suggests that adsorption controlled in electrode reaction. Moreover, the anodic peak was shifted
in less positive potential with the increments of scan rate from 10 to 500 mV/s (n=8).

log Ep (V) =—0.21 log v (V/s) + 0.74,1=0.9914, n=8 (1)
log Ip (nA) =1.12 log v (V/s) + 0.57, r=0.9676, n=8 2
3.2. The Influence of pH

In the electrochemical studies, supporting electrolyte is one of the most important parameters due to the
effects on peak potential, current intensity and kinetics of the electron transfer process. Therefore, the
effects of supporting electrolyte were investigated on the electro-oxidation signal of p-coumaric acid at
various pH values by carbon paste electrode. In order to analyze the pH effect, SWAdS voltammograms
were taken in the Britton-Robinson (B-R) supporting electrolyte solution between pH 2.0 and pH 7.0 for
the 5 mg/L p-coumaric acid (Figure 1). SWS experiments that the highest signal performed in weak acidic
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media as pH 5.0 B-R buffer was found to be dependent on the below pH < 7.0 buffer solutions. Moreover,
the oxidation peak potential of p-coumaric acid gradually decreased more negative potential from 0.83 V
to 0.57 V by — 53.52 mV per unit pH changes, while the pH value increased from 2.0 to 7.0 (Figure 2,
Equation 3). This is the evidence that hydrogen ions contains in the electrochemical oxidation process for
the p-coumaric acid. The maximum peak current and well-shaped was formed in pH 5.0. So that pH 5.0 B-
R buffer solution was chosen as an optimum supporting electrolyte to determine p-coumaric acid.

Ep (mV) = — 53.52 pH + 945.87 (mV), r = 0.9974 (3)
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Figure 1. SWAdSV voltammograms of 5 mg/L p-coumaric acid at various pH on carbon paste electrode
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Figure 2. Influence of pH for the 5 mg/L of p-coumaric acid from pH 2.0 to pH 7.0 on carbon paste

electrode ( I, peak potential, ™ ; peak current n=3)
3.3. Optimization SWAdSV Parameters

The response of peak potential and current intensity by square wave stripping voltammetric depends
markedly on electrochemical analyzer condition. The optimum analyzer conditions in stripping mode such
as accumulation potential, accumulation time, amplitude, frequency and step potential were studied to
obtain a more sensitive peak current for 5 mg/L of p-coumaric acid (Figure 3).

The effect of step potential was investigated by varying step potentials from 1 mV to 5 mV (Figure 3A).
The peak current increased up to 2 mV and then it suddenly decreased to lower peak currents at different
step potential scans. Due to the maximum peak current and well-shaped was performed at 2 mV the 2 mV
was taken as the optimum step potential for the subsequent measurements. The influence of pulse amplitude
was also investigated at various amplitudes from 10 mV to 60 mV (Figure 3B). The oxidation peak signal
increased to 40 mV however, peak signal was not increased significantly in the subsequent pulse
amplitudes. So that 40 mV was chosen as optimum pulse amplitude. In addition, accumulation potential
and accumulation time, which are the most effective parameters for peak current, were researched. SWAdS
voltammograms were taken from 0 mV to 400 mV and from 10 s to 60 s for the accumulation potential and
time, respectively. The peak signal of p-coumaric acid increased until 100 mV accumulation potential with
30 s deposition times (Figure 3C). Oxidation peak was decreased after 100 mV and also the peak signal
remained fixed by increased accumulation potential. The peak current was increased up to 30s and after
30s it decreased sharply because of the substance is completely covered by the electrode surface (Figure
3D). The last optimized parameter frequency was studied between 25 and 600 Hz (Figure 3E). The
oxidation peak signal increased regularly up to 600 Hz. However, peak shapes of p-coumaric’s
voltamograms were not obtained properly after 250 Hz. Therefore, the optimum frequency was selected as
a 250 Hz according to well-obtained peak shape. The best peak definition of p-coumaric acid was obtained
under the optimum condition when using 2 mV step potential, 40 mV puls amplitude, 100 mV accumulation
potential, 30 s accumulation time and 250 Hz frequency for the 5 mg/L p-coumaric acid in pH 5.0 B-R
buffer solution.
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Figure 3. The optimization parameters for 5 mg/L of p-coumaric acid on the carbon paste electrode at pH
of 5.0 B-R buffer solutions

3.4. Quantitative Evaluation of p-Coumaric Acid

The calibration graph was obtained from p-coumaric acid stock solution by using SWAdSV on the CPE in
10 mL pH 5.0 Britton-Robinson buffer solutions according to standard addition method (Figure 4). The
anodic response on carbon paste electrode was performed towards the exactly concentration of p-coumaric
acids by SWAdSV under the optimized condition (Equation 4). The calibration graph was drawn according
to these responses to find linear working range. Moreover, the limit of detection (LOD) = “3 s/m” and the
limit of quantification (LOQ) = “10 s/m” equations, where “m” is the slope of p-coumaric acid and “s” is
the standard deviation of intercept, were used to calculated LOD and LOQ [38]. As a result, the linear

working range was found as 0.15-20 mg/L. In addition, LOD and LOQ were calculated 0.11 and 0.37
mg/L.
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Figure 4. SWAdSV voltammograms and calibration graph for the p-coumaric on carbon paste electrode
(AEs =2 mV; f= 250 Hz; AE = 40 mV; AEacc= 100 mV, Atace= 30 s, pH 5.0 B—R buffer solutions)

Ip (A) = 1.551 C (mg/L) +1.335 r = 0.9956 4)
Table 1. Validation parameters for evaluation of p-coumaric acid by SWAdSV on carbon paste electrode

Peak potential (Ep) vs. Ag/AgCI (mV) + 780

Linear working range (mg/L) 0.15-20.0

Slope (LA L/ pg) =+ standard deviation (s) 1.551£0.015

Intercept (LA) + standard deviation (s) 1.335+0.059

LOD (ug/L) 0.11

LOQ (ng/L) 0.37

Correlation coefficient 0.9956

Reproducibility of the peak current* (RSD%) 3.59

Reproducibility of the peak potential* (RSD%) 1.01

Reproducibility value for the peak current singal and peak potential was calculated in seven different
measurements for 0.4 mg/L p-coumaric acid and was found with a relative standard deviation (RSD%) of
3.59% and 1.01%, respectively. Accordingly, validation parameters were summarized in the Table 1 for
the p-coumaric acid, which reflects that electrochemical method exhibits reasonably precision, accuracy,
and reproducibility.

Liu et al. (2006) in their study for the analysis of p-coumaric acid in the rat plasma by using the HPLC-UV
method, they calculated limit of quantification (LOQ) value as 0.02 mg/L [39]. Zhang et al. (2019)
recommended a new HPLC-MS method for the analysis 17 types of phenolic acids for the vegetables
consumed in China. In order to evaluation of p-coumaric acid in vegetables, they found the limit of
determination for this target agent was found 0.012 mg/L [40]. Silina et al. (2016) used a validated and
rapid techniqgue RP-HPLC method to detect p-coumaric acid in real sample like methanolic extracts of
Durva Grass [41]. They found the LOD and LOQ values as 0.302 pg and 0.99 ng, respectively. According
to the LOD and LOQ results obtained by traditional analytical methods such as HPLC-UV, RP-HPLC and
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HPLC-MS, the developed SWAdSV method on carbon paste electrode, as found the LOD is 0.11 pg/L. and
LOQ is 0.37 pg/L, is quite interesting and competent.

3.5. Electrochemical Pathway of p-Coumaric Acid

In order to show electrochemical pathway of p-coumaric acid, number of transfer electrons which is
electrode reaction in oxidation process was calculated. For an irreversible oxidation-reduction process, Ep
is described by the following equation which is recommended with Laviron [42].

2.303RT lOg RTK® + 2.303 RT lOgU (5)

anF anF anF

Ep=EY —

where E”, R, o, T, n, k% F, and v are formal potential, gas constant, transfer coefficient, temperature,
number of transferred electrons, standard heterogeneous rate constant, Faraday constant and potential scan
rate, respectively. According to this equation, the value of an was found from the slope of Ep on log v plot.
The slope of Ep on log v was calculated as 0.21 V. When the all know values are written in the above
equations, an is found to be 0.28. For the irreversible processes, o value can be taken as 0.5 in electrode
reaction and consequently number of transferred electrons (n) was evaluated as 0.56. This value can be
regarded as 1 integer in oxidation reaction of p-coumaric acid. In addition, to evaluate whether p-coumaric
acid contains a proton (H*) in the electrode reaction, the effect of 6Ep/6pH is examined. In the pH study
(Figure 1), a shift of —53.52 mV occurred in the oxidation peak of coumaric acid against the change by per
unit in pH. It is proved that proton (H*) contains in the electro-oxidation reaction due to the shift of peak
potential in negative regions for the oxidation of the p-coumaric acid by the increasing pH units. Also,
according to the literature review, it was proposed that the anodic peak of the p-coumaric acid can be —OH
group on benzene ring [43]. The results were found to be compatible with the proposed mechanisms for p-
coumaric.

3.6. Selectivity Study

In the view of possible application for the p-coumaric acid as a standard antioxidant agent in natural food
samples, effects of the interference substances were examined. Hence, Ca?*, Mg?*, Na*, methoxyflavone,
caffeic acid, gallic acid and rutin were studied by means of recovery tests (Figure 5). The percentage
recovery was made by comparing the peak current of coumaric acid in the presence and also absence of
interference species at pH 5.0 B-R buffer solution on CPE. Moreover, the tolerance limit of inference
substance was evaluated as the concentration ratio of foreign electro-active antioxidant substances/p-
coumaric acid at 1:1 and 1:2 by mass causing less than 10.0 % relative error on peak intensity. They did
not show any interference effects due to they could not give any peaks near the peak potential of the p-
coumaric acid at + 0.8 V. In addition, the influence of some cationic species like Ca?*, Mg?*, and Na* that
found commonly in food and environment samples were also studied. They displayed no interfering effects
due to none of them is electro active in the potential of oxidation of coumaric acid. The recovery of p-
coumaric acid in the presence of Ca?*, Mg?*, and Na* with the mass ratios of 1:10, and 1:20 were extended
from 95.25% to 103.03%. Since there is no serious effect of anodic peak intensity of p-coumaric acid on
any interference substances, this electrochemical method can be considered to be selective.
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3.7. The Evaluation of Total Antioxidant Capacity (TAC) in Commercial Cold Teas

In order to show the analytical applicability of the developed SWAdSV method for the directly
determination of total antioxidant, some experiments were carried out in in commercially lemon,
watermelon and mango-pineapple cold teas (Figure 6). A standard addition method was used by using p-
coumaric acid in the cold tea samples without any purification and pretreatment for the determination of
TAC. The cold tea samples were mixed in the ultrasonic bath for 5 minutes prior to analysis. All samples
were analyzed with three replicates measurements, and the RSD were calculated lower than 1.73%,
revealing the excellent precision. Furthermore, total antioxidant amounts of commercially lemon,
watermelon and mango-pineapple cold teas for the 1 L natural samples were found as equivalent to a
concentration of 2050+15 mg/L, 705+10 mg/L and 808+14 mg/L p-coumaric acid (n=3, 95% confidence
level), respectively. The data presented in Table 2 and Figure 6 demonstrated that proposed electrochemical
methods can be efficiency applied for evaluate the total antioxidant in natural samples.
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Figure 6. Electrochemical determination pathway of total antioxidant capacity for the commercially lemon
tea by SWAdSV on carbon paste electrode a) 0.2 mL lemon cold tea sample b) a + 0.2 mL lemon cold tea
sample ¢) b + 0.5 mg/L p-coumaric acid d) ¢ + 0.5 mg/L p-coumaric acid (AEs= 2 mV; f= 250 Hz; AE=
40 mV; AEacc= 100 mV; Atace= 30 s, pH 5.0 B-R buffer solutions)

Table 2. The determination of total antioxidant capacity for the commercially cold tea samples by SWAdSV
on carbon paste electrode

Sample Total antioxidant capacity % % Recovery
(Commercially cold tea, 1L)  (Equivalent p-coumaric acid)* (1 mg/L p-coumaric acid)*
Lemon 2050+15 mg/L 0.73 94.75+3.97
Watermelon 808+14 mg/L 1.73 96.83+2.18
Mango-pineapple 705+10 mg/L 1.42 94.31+2.92

*n=3 repeated measurements
4. CONCLUSION

The sensitive and selective voltammetric method was fabricated for the analysis of total antioxidant
capacity (TAC) in cold tea samples by square wave voltammetry adsorptive stripping mode (SWAdSV) on
carbon paste electrode. Optimum conditions for the SWAdSV such as accumulation time, frequency, step
potential etc. were optimized to evaluate TAC. Moreover, SWAdSV can be used to directly evaluate
gualitative and quantitative analysis for phenol compounds in presence interferences substances such as 6-
methoxyflavone, caffeic acid, gallic acid and rutin. So that, it can be suggested that electrochemical method
is the most suitable candidate due to simplicity, accuracy, selectivity and the reliability of p-coumaric acid
in complex food samples. In addition, it is can be compared with chromatography methods due to low
detection limit values. Therefore, trace amounts of antioxidant capacity in food sample can be determined
by SWAdSV without any pre-processing. Consequently, SWAdSV directly applied to deduce TAC in cold
tea samples without purification.
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