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Electrochemical Determination of the Antioxidant Activity
in Echinacea Purpurea Roots Using Square Wave
Voltammetry
Emad F. Newair,*[a] Refat Abdel-Hamid,[a] and Paul A. Kilmartin[b]

Abstract: A simple and rapid electrochemical method was
established to quantify the total polyphenol (TP) content
and assess their antioxidant activity (AA) in roots of three
Echinacea purpurea (E. purpurea) species using square
wave voltammetry (SWV). Individual polyphenol compo-
nents were identified, and then quantified by ultra-high
performance liquid chromatography coupled with mass
spectrometery (UPLC-MS). Two major polyphenols,
chicoric (ChA) and caftaric (CFT) acids, were identified

by mass spectroscopy in the extract of E. purpurea
samples. The Accuracy of the proposed SWV electro-
chemical method for TP content and AA analysis was
validated by the highly sensitive UPLC-MS technique and
standard ABTS method, respectively. A high correlation
was noticed between the results, indicating the high
sensitivity and reliability of the proposed SWV method
for polyphenols analysis and AA evaluation in natural
herbal samples.
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1 Introduction

Echinacea purpurea (E. purpurea) roots have become
extremely popular as medicinal herbs in the United States
as well as in Europe [1, 2]. E. purpurea is one of three
species of Echinacea that are generally used: Echinacea
purpurea (L.) Moench, Echinacea angustifolia (DC.) Hell
and Echinacea pallid (Nutt.) Nutt. [3]. E. purpurea has
four important active compounds which are polysacchar-
ides, caffeic acid derivatives (CAFDs) especially chicoric
(ChA) and caftaric (CFT) acids, alkamides, and glycopro-
teins [4]. CAFDs possess many bioactive roles, including
antiviral activity [5], antihyaluronidase activity [6], inhib-
ition of immunodeficiency virus type 1 [7], collagen
protection against radical-induced degradation [8], phag-
ocyte activity [9], and high free-radical scavenging activity
[10]. Also, CAFDs are commonly used as important
markers of the medicinal quality of Echinacea herbal
extracts [11]. Moreover, CAFDs and alkamides are
considered to be the main important constituents of
Echinacea which are responsible for its AA [5, 12]. It is
worth mentioning that the biological properties of CAFDs
depend on their absorption and their metabolism. The
absorption and bioavailability processes have been well
characterized in animals and in humans [13–17].

The extracts of E. purpurea have complex chemical
compositions. Stanisavljevic et al. reported that the chem-
ical composition of root extracts is different from the
chemical composition of the extracts from other parts of
the plant [18]. Chicoric acid (ChA, Figure 1) is the main
phenolic in E. purpurea roots [19]. ChA is generally used
as a marker to evaluate the quality of herbal products
[20]. In addition to ChA, there are important constituents
of E. purpurea roots such as caftaric acid (CFT),

chlorogenic acid (CGA), ferulic acid (FA), coumaric acid
(CA), caffeic acid (CAF) and cynarin (CYN) as shown in
Figure 1. All of these compounds inhibit the production of
free-radicals and lipid peroxidation involved in the
development of inflammation [18]. Bauer et al. [21] made
use of reversed-phase HPLC for the analysis of individual
phenolic compounds in Echinacea. A proposed standard
extraction and HPLC analysis method have been used to
measure typical levels of various phenolic compounds in
medicinal Echinacea species. CFT was the other main
phenolic compound in E. purpurea roots [22]. ChA and
CFT were reported to be highly susceptible to enzymatic
degradation during the preparation of E. purpurea [23].

Several reports have previously studied the total
polyphenol content as well as antioxidant activity of
Echinacea roots using chemical 2,2’-Azino-bis(3-ethyl-
benzothiazoline-6-sulfonic acid (ABTS) and 2,2-diphenyl-
1-picrylhydrazyl (DPPH*) radical scavenging methods [10,
24, 25]. Generally, chemical methods require several
preparation steps, and a long time to complete the
measurement. Consequently, the need for fast and simple
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methods has become an important necessity. Recently, we
reported that electrochemical techniques can be intro-
duced to characterize polyphenol content [26–33].

Up to date, no detailed study was established on the
electrochemical determination of polyphenol content in
E. purpurea extract. The aim of this work is to estimate
the total polyphenol content (TP) of commercial food
supplements of E. purpurea roots by SWV electrochemical
techniques, using glassy carbon electrode. Standard poly-
phenols (ChA and CFT) as well as the extracts of
commercial supplements were characterized electro-
chemically in aqueous Britton–Robinson (B�R) buffer
solution. The polyphenolic composition of Echinacea
products was also determined by a chromatographic
technique coupled with mass spectrometry. Finally, the
electrochemical antioxidant properties of the extracts
were compared to other global spectrophotochemical
methods such as ABTS method as well as UPLC-DAD
measurements at 330 nm.

2 Materials and Methods

2.1 Chemicals

Chicoric Acid (�95% HPLC), caftaric acid (�97.0%),
boric acid (�99.5 % ACS), glacial acetic acid (USP),

phosphoric acid solution (49-51 % HPLC), sodium
hydroxide (�98% reagent grade), 2,2’-Azino-bis(3-ethyl-
benzothiazoline-6-sulfonic acid) diammonium salt
(ABTS) (�98 % HPLC)), (�)-6-Hydroxy-2,5,7,8-tetrame-
thylchromane-2-carboxylic acid (Trolox) (97%) and
ammonium persulfate (�98.0% ACS) were purchased
from Sigma-Aldrich (France). Acetone (�99.9% HPLC),
methanol (�99.9% HPLC) and ethanol (�99.8 % HPLC)
were obtained from Merck (United States). Alumina
powder was obtained from Metrohm (France). All
solutions were prepared using highly purified water from
a Millipore (Milli-Q) system.

2.2 Commercial Products

The three E. purpurea root products under investigation
were purchased in French shops. Table 1 lists the products
comments from the labels regarding the commercial
name, the content of plant, the producer as well as the
abbreviated name used in this investigation. All of the
products are categorized as food supplements.

2.3 Solutions and Sample Preparation

The stock solutions of ChA (1.78 mmol L�1) and CFT
(2.33 mmol L�1) were prepared in ethanol/water (50:50)

Fig. 1. Chemical structures of some caffeic acid derivatives (CAFDs).
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mixture. Britton–Robinson (B�R) buffer is used for the
range pH 1.80 to pH 8.80. B�R buffer consists of a
mixture of phosphoric acid (0.04 mol L�1), boric acid
(0.04 mol L�1) and acetic acid (0.04 mol L�1) that has been
titrated to the desired pH with ammonium hydroxide
(0.2 mol L�1).

Extraction of caffeic acid derivatives from dried (E.
Arkopharma (400.8 mg), E. Super Diet (406.2 mg) and E.
Phytostandard (401.3 mg)) was carried out by shaking of
the dried product with acetone/water mixture (60:40,
8 mL) for 20 min. The sample was centrifuged at 5000 rpm
for 10 min. The acetone/water extract was dried by rotator
evaporator at 30 oC to give (64 mg from E. Arkopharma,
101 mg from E. Super Diet and 78.66 mg from E.
Phytostandard) and then re-dissolved in 20 mL of meth-
anol/water mixture (50:50). Finally, each extract was
diluted with B�R buffer to four different concentrations.

All solutions were kept in the refrigerator at �5 oC
after protection from light with aluminum foil. Stock
solutions were prepared every five weeks. Along five
weeks, the stock solutions were injected to the UPLC-MS
system every four days to record the UPLC-UV chroma-
togram at 330 nm. The calculated peak area of UPLC-UV
chromatogram correlates directly to the stability of
solutions. Then, the working solutions were prepared
freshly from the stock solutions for each new exper-
iment. Measurements of solution pH throughout the
experiments were performed using a bench-top pH-meter
(HI 2210, HANNA Instruments, Romania).

2.4 Square Wave Voltammetry (SWV)

Measurements of SWV were carried out by an Autolab
PGSTAT128N Potentiostat/Galvanostat (Eco-Chemie,
Utrecht, The Netherlands) coupled with NOVA 1.10
software. SWV experiments were conducted in a standard
three-electrode electrochemical cell (20 mL capacity)
equipped with a glassy carbon working electrode (GCE,
d=3.0 mm, model 61204300, Metrohm-Autolab, Switzer-
land) as a working electrode, a silver/silver chloride
reference electrode (Ag/AgCl, aq. KCl, 3.0 M) as a
reference electrode and platinum wire as an auxiliary
electrode.

The GCE surface was polished before each measure-
ment with 0.3 mm alumina powder, then thoroughly rinsed

with highly purified water and passed to the ultrasonic
bath for 5 min. Then, GCE was maintained in B�R buffer
solution. Finally, electrochemical measurements were
initiated until steady-state baseline of the voltammograms
obtained. Reproducibility of the experimental results
from the current method were assessed with through two
consecutive measurements.The experimental conditions of
SWV were: frequency, 10 Hz; pulse amplitude, 25 mV;
potential step, 1 mV.

2.5 UPLC-DAD-MS System

CAFDs of E. purpurea products have been identified
using ultra-high performance liquid chromatography
coupled with mass spectrometry. The liquid chromatog-
raphy system consists of an Acquity UPLC (Waters,
Milford, MA) equipped with a photodiode array detector.
The used column (HSS T3, 100 3 2.1 mm, 1.8 mm) was a
Nucleosil 120–3 C18 end capped (Macherey-Nagel,Swe-
den). The gradient conditions were: solvent A (H2O/
HCOOH, 99/1, v/v), solvent B (CH3CN/H2O/HCOOH,
80/19/1, v/v/v); 0.1 % B for initial; 60 % B linear for
0–5 min; 99% B linear for 5–7 min; 99% B isocratic for 7–
8 min; and 0.1 % B linear for 8–9 min with a flow rate of
0.55 mL min�1. An amaZon X ESI-Trap mass spectrom-
eter (Bruker Daltonics, Bremen, Germany) was coupled
online to the Acquity UPLC system. In the source, the
pressure of the nebulizer was 44 psi, the temperature of
the dry gas was set at 200 8C with a flow of 12 L min�1 and
the voltage of the capillary was set at 4 kV. The mass
spectra were collected over a mass range of 90–1500 Th in
the negative ionization mode. The mass spectrum acquis-
ition speed was set at 8.1 m/z min�1.

2.6 Determination of Antioxidant Activity (AA) by
ABTS Method

The AA was determined using the ABTS method
according to Guedes et al. [34]. Two solutions of 7 mmol
L�1 ABTS and 2.45 mmol L�1 ammonium persulfate were
mixed, thus producing ABTS radical cation (ABTS.+) in a
mixed solvent of ethanol/water (1:1, v:v). Oxidation of
ABTS starts immediately, but it takes some time for
absorbance to reach its maximum plateau. After 24 hours,
the ABTS.+ solution was diluted in ethanol/water solvent,

Table 1. Commercial products of E. purpurea roots included in this investigation

Name of prod-
uct

Producer Declaration Abbreviated
name

Arkog�lules
�chinac�e

Arkopharma laboratories (Carros) www.arkogelu-
les.fr

Echinacea pupurea (L.) Moench, 325 mg/capsule,
minimum 0.5% cichoric and caftaric acids

E. Arkophar-
ma

Super Diet
�chinac�e Bio

Super Diet laboratories (Paris) www.laboratoires-
superdiet.fr

Echinacea pupurea roots, 220 mg/capsule E. Super Diet

Phytostandard
Echinac�e

PhytoPrevent laboratory-Groupe PiLeJe ( Saint-
Laurent-des-Autels) www.phytoprevent.com

Echinacea pupurea L. (racines), 136 mg/capsule E. Phytostan-
dard
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so as to produce an absorbance of 0.700 � 0.020 at
734 nm. For analysis of Echinacea extracts, 1 mL of
diluted ABTS.+ solution and 0.1 mL of diluted extract
samples were mixed and the absorbance at 734 nm was
measured after 6 minutes of reaction. The decrease in
absorbance (DA=AABTS – Aextract) was calculated for each
diluted extract sample. The decrease in absorbance due to
the addition of Trolox as the standard was measured by
the same procedure for each concentration of Trolox (50-
600 mmol L�1) and the calibration curve for the decrease
in absorbance (DA=AABTS - ATrolox) of Trolox versus
Trolox concentration was determined (Figure S1). Antiox-
idant activity of each diluted extract sample was estimated
according to Trolox calibration curve and expressed in
mol L�1 of Trolox Equivalent (mol TE L�1) i. e. as Trolox
Equivalent Antioxidant Capacity (TEAC) values. Absorb-
ance measurements were performed using (V-750ST) UV-
Vis Spectrophotometer (JASCO International Co., LTD.,
Tokyo, Japan) with Spectra Manager 2 software.

3 Results and Discussion

3.1 Square Wave Voltammetry (SWV) Measurements

The oxidation reaction of caffeic acid derivatives
(CAFDs) is strongly related to their structures which
contain ortho-dihydroxyl groups. Hottaa et al., [35] re-
ported that the oxidation mechanism of the catechol
moiety involved a two-electron transfer that occurs
stepwise via one-electron processes, followed by an
irreversible chemical reaction for each step to give final
product of o-quinone. The overall oxidation of catechols
which leads to the corresponding o-quinones can be
illustrated in Scheme 1. Consequently, ChA, CFT or
Echinacea extracts, which possess similar moiety of caffeic
acid, will be oxidized at the surface of the glassy carbon
electrode (GCE).

The electrochemical behavior of ChA, CFT and
Echinacea extracts was investigated by SWV in B�R
buffer at GEC. The use of SWV is better than of cyclic
and differential pulse voltammetry due to lower consump-

tion of electroactive species, greater speed of analysis and
smaller problems related to poisoning of the electrode
surface [36]. Furthermore, the current is sampled in both
positive and negative pulses, oxidation and reduction
peaks of the electroactive species at the electrode surface
can be obtained in the same experiment and the
reversibility of the electron transfer can be examined in
only one scan.

3.1.1 Voltammetric Behavior of Standard Chicoric (ChA)
and Caftaric (CFT) Acids

Preliminary studies by SWV at a glassy carbon electrode
were performed to investigate the electrochemical behav-
ior of ChA and CFT as model compounds among
polyphenols over a wide pH range of B�R buffer between
1.8 and 8.80. The SWV of 26.31 mmol L�1 ChA at GCE in
B�R buffer (pH 1.80) (Figure 2 A) showed a redox peak
at Ep = +0.531 V that corresponds to the oxidation of the
two catechol moieties (3,4-dihydroxy substituents). Re-
cently, we reported that the oxidation of ChA consumes
four electrons and four protons to form o-quinone [37].
Figure 2 A shows that the oxidation peak potential (Ep

a =
+0.531 V) was close to the reduction peak potential
(Ep

c = +0.536 V), which confirms the reversible nature of
the ChA redox wave. These characteristics were very
similar to the oxidation behavior of 34.95 mmol L�1 CFT
as shown in Figure 2B, where the potential peaks of
oxidation and reduction were Ep

a = +0.523 V, Ep
c = +

0.531 V, respectively, due to the catechol moiety of CFT.
The dependence of the electrochemical oxidation of

ChA and CFT on the pH was studied by varying the pH
of the supporting electrolyte from 1.80 up to 8.80. The
voltammograms obtained for ChA are shown in Figure 2C
as a 3D plot, while the voltammograms for CFT are shown
in Figure S2. Anodic peaks for the oxidation of ChA and
CFT were observed at all pH values. The variation of the
peak potential (Ep) with pH can provide valuable
information on the electrode process. It was found for
ChA and CFT that the oxidation peak potential shifted
linearly to less positive values until pH 8.80 as shown in

Scheme 1. The overall oxidation reaction of caffeic acid derivatives (CAFDs).
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Figure 2D. This confirms that the deprotenation process is
an important step of oxidation mechanism of ChA and
CFT. From the slope of a plot Ep vs. pH (Figure 2D), a
linear regression equation Ep =0.63 – 0.055 pH was
obtained for ChA and Ep =0.62 – 0.054 pH for CFT.
Consequently, the electrochemical oxidation reactions of
ChA and CFT are four-electron four-proton and two-
electron two-proton respectively to produce the corre-
sponding o-quinone.

Noticeable decreases in the peaks currents correspond-
ing to ChA and CFT were observed with increasing the
medium pH (Figure 2C and Figure S2), indicating the
major role of pH on the ionization of OH groups of the
polyphenols. In a highly acidic medium, the OH groups of
polyphenols tend to be in a nonionizable form, thus
polyphenols become more hydrophobic, then migrate and
adsorb onto GCE surface (hydrophobic surface). Yet, in
basic medium, the OH groups become more ionizable,
rendering polyphenol compounds more hydrophilic and
migrate away from the GCE surface to the bulk of the
solution [38]. In other words, the concentration of the
electroactive forms of ChA and CFT (i.e., nonionizable or

hydrophobic) are higher at acidic rather than basic pH
values. For this reason, the pH of 1.80 was chosen as the
optimum value for studying the voltammetric behavior of
Echinacea products in the current study.

3.1.2 Voltammetric Behavior of E. Purpurea Food
Supplements

The SWV of Echinacea extracts were recorded in order to
investigate the analytical potential of the electrochemical
oxidation of electroactive phenolic species present in the
extract in determining the TP content. During the SWV
measurements, the extract polyphenolics were oxidized as
the potential of the GCE is swept in the positive direction.
The overall current response was calculated as the sum of
the oxidation wave of the various polyphenolics species
present in E. purpurea roots.

Figure 3 A illustrates the SWV of 260.1 mg mL�1 E.
Arkopharma extract at GCE in B�R buffer (pH 1.80). It
is worth noting that a reversible oxidation peak at Ep = +
0.530 V corresponds to the oxidation of 3,4-dihydroxy
substituents. Figure 3 A shows the oxidation peak poten-

Fig. 2. SWV of standard polyphenols (A) 26.31 mmol L�1 ChA; (B) 34.95 mmol L�1 CFT on GCE in B�R buffer (pH 1.80): It total
current, If forward current, Ib backward current, frequency 10 Hz, pulse amplitude 25 mV, pulse width 1 mV; (C) SWV of 26.31 mmol
L�1 ChA at different pH values and (D) Ep vs. pH relationship of ChA and CFT.
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tial (Ep
a = +0.523 V) which is so close to the reduction

peak potential (Ep
c = + 0.529 V) confirms that the pre-

dominant polyphenols in E. Arkopharma extract are
indeed ChA and CFT, as the results obtained were so
similar to those obtained for the standard phenolics ChA
and CFT. The purity of the commercial samples can
explain this similarity. This purity comes from the pre-
treatment procedures described above in the commercial
samples as well as the presence of high amount of ChA
and CFT in the natural root. Similar voltammograms were
obtained for the extracts of E. Super Diet (Figure 3B) and
E. Phytostandard (Figure 3C). SWV of 417.5 mg mL�1 E.
Super Diet extract at GCE in B�R buffer (pH 1.80)
(Figure 3B) shows an oxidation peak potential (Ep

a = +
0.534 V) and a reduction peak potential (Ep

c = + 0.535 V)
while for 446.4 mg mL�1 E. Phytostandard, potentials of
0.527 V and 0.529 V were obtained for oxidation and
reduction waves, respectively. It is worth noting that
Figure 3C shows that the voltammogram of E. Phytostan-
dard was a little different from the other two extracts.
This can be explained by the presence of other phenolic
compounds in E. Phytostandard, which then affect the

voltammogram. The obtained UPLC-UV chromatogram
(Figure 4C) confirms the contribution of caffeic acid
derivatives other than ChA and CFT in the investigated
E. Phytostandard.

It is worth mentioning that the charge passed, the area
under the voltammograms, during the SWV measure-
ments can be used as a further measure of the response of
the total polyphenol (TPSWV) content in Echinacea
extracts. This measure is more suitable, especially for a
complex plant matrix than the peak current, due to the
response of several polyphenols with slightly different
oxidation potentials and gives information about the level
of all the polyphenolic compounds found in the plant.
SWV measurements of the three commercial products
were carried out at different dilutions as shown in
Figure 3D and Figure S3. It was found that the TPSWV was
shifted linearly with increasing concentration of extracts.
Linear regression equations were obtained for the inves-
tigated Echinacea products as following TPSWV (mA V)=
0.01 + 5.40 x 10�3 C (mg mL�1), r2 = 0.998 for E.
Arkopharma, TPSWV (mA V)=0.16 + 2.65 x 10�3 C (mg
mL�1), r2 = 0.994 for E. Super Diet and TPSWV (mA V)=

Fig. 3. SWV of (A) 260.1 mg mL�1 E. Arkopharma, (B) 417.5 mg mL�1 E. Super Diet, (C) 446.4 mg mL�1 E. Phytostandard and (D)
different concentrations of E. Arkopharma extract on GCE in B�R buffer (pH 1.80): It total current, If forward current, Ib backward
current, frequency 10 Hz, pulse amplitude 25 mV, pulse width 1 mV.
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0.04+ 8.72 x 10�4 C (mg mL�1), r2 = 0.997 for E.
Phytostandard. The following sections will be interested in
correlating the TP values obtained by SWV (TPSWV) with
that obtained from ultra-high performance liquid chroma-
tography (TPUPLC) at 330 nm and antioxidant activity
(AAABTS) measurements.

3.2 Ultra–high Performance Liquid Chromatography
(UPLC) Measurements

On the basis of SWV analysis of the investigated
Echinacea products reported above that CAFDs con-
tained in Echinacea extracts were responsible for the
anodic oxidation peak as shown in Figure 3. The content
of individual phenolics was determined by the UPLC-
DAD-MS method. The UPLC profiles of E. Arkopharma,
E. Super Diet, and E. Phytostandard root extract are
shown in Figure 4. Chicoric (ChA) and caftaric (CFT)
acids were found in all extracts of Echinacea products,
and were quantified using commercial standards. It worth
mentioning that E. purpurea root contained a relatively
high amount of ChA and CFT compared with the other
parts of the plant [18].

Figure S4 shows the chromatogram obtained for the
ChA and CFT standards. A good resolution, with sharp
symmetrical peaks, was achieved for both molecules. The
identification, as well as quantification of ChA and CFT
in Echinacea extracts, was based on the comparison of
retention time and mass/charge ratio (m/z) of the standard
molecules, while calibration curves were obtained after

diluting the stock solution with ethanol (Figure S5). The
molar response factors (slope of the calibration curves) at
330 nm were determined to be 71.46 mg�1mL and 48.121
mg�1mL for ChA and CFT, respectively.

It is worth noting that phenolic derivatives of caffeic
acid were well separated and easily determined by UPLC-
MS. Figure S6 shows the chromatogram of the UPLC
analysis of caffeic acid derivatives in E. Arkopharma root
extracts. It was found that the extract at 330 nm includes
ChA and CFT predominately, along with traces of
chlorogenic (CGA), coumaric (CA), caffeic (CAF), ferulic
(FA), coutaric (CTA), cynarin (CYN) and fertaric (FTA)
acids. It was also found that both E. Super Diet and E.
phytostandard have the same individual CAFDs, however
they possess a significantly variable phenolic concentra-
tion levels. This result was also confirmed in the previous
work by Bergeron et al. and Pomponio et al. [39, 40].
They reported that different commercial products contain-
ing Echinacea species have variable phenolic concentra-
tion due to the genetic variation among the species as well
as environmental factors (e.g., light, temperature and
agronomic practices) which can alter the CAFDs levels in
various samples. Moreover, the treatment method and
other parameters, including drying temperature, extrac-
tion methods, formulations and storage conditions, may
also contribute to such variation in the CAFDs levels
among the different plant species.

ChA and CFT were found in the extracts of all
investigated roots. E. Arkopharma root extract contained
higher amounts of ChA and CFT compared to the other

Fig. 4. UPLC-UV chromatogram at 330 nm of the phenolic acids in (A) 0.38 mg mL�1 E. Arkopharma, (B) 0.83 mg mL�1 E. Super Diet
and (C) 0.96 mg mL�1 E. Phytostandard: separation parameter as shown in text.
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two products (Table 2), were the amounts of ChA and
CFT the compounds are expressed as % (mg/mg) of dry
plant weight. The percentage % (w/w) of ChA and CFT
content was 1.37 for E. Arkopharma, 0.54 for E. Super
Diet and 0.145 for E. Phytostandard. These values are
within the range of those of previous reports [41]. It is
notable that E. Arkopharma contains 63.5% ChA and
15.1% CFT of the relative peak area (Table 2). This result
supports the previous finding by Wills and Sturat [42] who
reported that ChA constituted 63.0% of the relative peak
area in E. purpurea roots.

The total polyphenol (TP) content of the investigated
food supplements was determined by the total area of
UPLC chromatograms at 330 nm (Table S1). A positive
and significant correlation existed between total polyphe-
nol (TP) content measured by SWV (TPSWV) and that
measured by UPLC analysis (Figure 5). The correlation
coefficient (r2) between TPSWV and TPUPLC was 0.997 for
E. Arkopharma (Figure 5 A), 0.973 for E. Super Diet
(Figure 5B) and 0.995 for E. Phytostandard (Figure 5B).
Correlation data confirmed the strong relationship be-
tween the individual CAFDs of Echinacea species and the
anodic oxidation wave obtained by SWV.

3.3 Antioxidant Activity (ABTS) Measurements

The free radical scavenging activity of E. purpurea roots
was examined using stable ABTS radicals. Antioxidant
activity (AAABTS) was expressed in mol TE L�1 as Trolox
Equivalent Antioxidant Capacity (TEAC). Out of the
three tested species, E. arkopharma had the highest
phenolic composition (Table S1), with its extract showed
exceptionally high free radical quenching potential. On
the contrary, E. phytostandard showed a considerably low
content of total polyphenols and consequently low anti-
oxidant activity as assessed by ABTS radicals. As for E.
Super Diet, its values of both total phenolics and AAABTS

were intermediate.
Total phenolic compounds, determined using SWV

(TPSWV, mA V) and antioxidant activity (AAABTS) in
Echinacea products, showed a good correlation (Figure 5).
The correlation coefficients (r2) for the species of E.
Arkopharma, E. Super Diet and E. Phytostandard were
0.995, 0.980 and 0.987 as shown in Figure 5 A, Figure 5B
and Figure 5C, respectively.

In addition, an important linear relationship was found
between the antioxidant activity (AAABTS) and total

polyphenol (TP) content determined using SWV (TPSWV)
and UPLC (TPUPLC). The results prove the importance of
phenolic compounds, which are the major contributors to
AA, in the antioxidant behavior of Echinacea extracts and
also that they contribute extremely to the total antiox-
idant capacity. The higher concentration of CAFDs is the
greater radical scavenging activity. These data are in a
good agreement with those reported by Sloley et al. [43]

Table 2. Percentage concentration % (relative UPLC peak area) and (w/w, to the dried plant material) of ChA and CFT in three
French Echinacea products (E. Arkopharma, E. Super Diet and E. Phytostandard) determined by the UPLC method.

Concentration Compound E. Arkopharma E. SuperDiet E. Phytostandard

% (of the relative UPLC peak area) ChA 63.5 40.9 28.0
CFT 15.1 35.0 26.7
Other traces 21.3 24.1 45.3

% w/w (of the dried plant material) ChA 1.0 0.24 0.06
CFT 0.37 0.30 0.085

Fig. 5. Correlation between: Total Polyphenols content (TPSWV)
from the total peak area of SWV on GCE (mA V) vs. AA
determined by the ABTS method (AAABTS, mol Trolox Equiv-
alent (TE) L�1) and total chromatograms area at 330 nm obtained
by UPLC method (TPUPLC, a.u.) of (A) E. Arkopharma, (B) E.
Super Diet and (C) E. Phytostandard.
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who estimated the AA of Echinacea roots and leaves
using ABTS radical cation model.

Our results showed that commercial products of E.
purpurea roots were rich in phenolic constituents and
demonstrated good AA measured by various methods.
Consequently, qualitative and quantitative analysis of
major individual phenolics in these products could be
helpful for illustrating the relationships between total
antioxidant capacity and total phenolic contents in the
food supplements.

4 Conclusion

The current study reports the first characterization of
polyphenols in E. purpurea roots using SWV. The results
showed that SWV is a simple, fast and sensitive method
for the determination of the total polyphenols (TP)
content in E. purpurea roots. The UPLC analysis showed
that the most abundant polyphenolic compounds in
products made from E. purpurea roots were chicoric
(ChA) and caftaric (CFT) acids, with concentrations
varying from 0.06 to 1.04% (w/w) for ChA and 0.085 to
0.37% (w/w) for CFT, of the dried Echinacea roots. Other
traces of caffeic acid derivatives, including chlorogenic,
coumaric, caffeic, ferulic, coutaric and fertaric acids were
also identified. This difference in the concentration range
of phenolic compounds depends on environmental factors,
such as temperature, light, agronomic practices as well as
drying temperature and extraction methods. A very high
correlation was observed between the TP content meas-
ured by SWV and UPLC. Also, a very good correlation
between the TPSWV and AAABTS was obtained, which
suggests that the predominant source of antioxidant
activity of the investigated Echinacea capsules came from
the different caffeic acid derivatives present in E.
purpurea roots. Echinacea roots that are used as food
supplements could afford health benefits by preventing
oxidative reactions induced by free radicals.
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