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The aim of our study was to investigate the mechanisms of electrooxidation selected hydroxycinnamic
acids. The curves made on the basis of cyclic and differential pulse voltammetry and quantum
chemical calculations were given the opportunity to determine the scheme of oxidation of the molecule
caffeic acid. The described scheme shows, that caffeic acid changes two electrons in the first stage of
electrooxidation and for p-coumaric acid is exchanged one electron. It was determined the antioxidant
potential of the tested compounds using spectrophotometric methods such as: ABTS, DPPH, FRAP
and CUPRAC. Both caffeic acid and p-coumaric acid were characterized by a high capacity for
scavenging free radicals as well as the reduction of iron and copper ions. However, caffeic acid
exhibited improved antioxidant properties, which increase linearly as a function of their concentration.
Definitely, however, caffeic acid was a lot stronger reducing agent in the oxidation processes.
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1. INTRODUCTION

Hydroxycinnamic acids are widely distributed in the vegetable in abundance in fruits and
vegetables. Caffeic acid occurs most often in the food mainly in chlorogenic acid form. Biosynthesis of
hydroxycinnamic acids (caffeic, ferulic, 5-hydroxyferulic and sinapic acids) is generated from the p-
coumaric acid through the hydroxylations and methylation reactions. In recent decades, the
polyphenols are intensively studied, because of their beneficial effects on human health[1-9]. Natural
compounds can act as anti-aging substances by several different mechanisms, including free radical
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scavenging, metal chelation and protein binding. Hydroxycinnamic acid may also exhibit prooxidative
capacity, which is especially interesting aspect of their properties [10-15].

There are ongoing studies on the wide determination of the relationship between antioxidant
activity and the structure of the molecule. On the antioxidant activity of polyphenols is affected
primarily by the conformation of the molecule. First of all, it takes into account the ethyl substituent to
the aromatic ring, localization of the phenolic groups relative to the plane of the ring, orientation of the
carbonyl group and the carbon chain C=C bond. The literature shows that the quasi-planar geometry
of the molecule contributes to a better stabilizing effect through delocalization of the p-electron
between aromatic ring and C=C bond. Antioxidant activity of the polyphenols is usually determined
count and the position of the hydroxyl groups [16-24]. The aim of this study was to determine the
structure of hydroxycinnamic acids on antioxidant activity. In many papers have been reported the
antioxidant activity of various plant extracts. In the presented publication was described the chemistry
of oxidation reaction and activity in these reactions of caffeic acid and p-coumaric acid. Understanding
the mechanisms of action of antioxidant is extremely important to explore new active drug ingredients.
Measurements of the electrochemical behavior can be excellent guide with a lot of useful information
about antioxidant activity of hydroxycinnamic acids [25-31]. During the analysis of results rated the
relationship between the measured potential and antioxidant properties. Electrochemical studies in
conjunction with the analysis spectrophotometric great complement to allow a detailed description of
the oxidation mechanism of phytochemicals. Different spectrophotometric assays as ABTS, DPPH,
FRAP and CUPRAC was discussed in the present study [32-35].

2. EXPERIMENTAL AND MATERIALS

2.1. Chemicals

The caffeic acid (3,4-dihydroxycinnamic acid, CgHgO,) and p-coumaric acid (4-
hydroxycinnamic acid, CgHgO3) were obtained from Sigma-Aldrich (St. Louis, MO, USA).
Experiments were performed in non-aqueous media. The substrates solutions were prepared by
dissolving in 0.1 mol L™ (C4Hg)sNCIO, in acetonitrile (CHsCN, pure p.a.). Concentrations of acids it
was 2.0 x 10 mol L™ All reagents used were of analytical grade supplied from Fluka (France) and
Sigma-Aldrich (Germany).

The substrates solutions were prepared by dissolving in 0.1 mol L™ ((CsHg)aNCIO, in
acetonitrile. 2,2-diphenyl-1-picrylhydrazyl (DPPH), neocuproine >98% and TPTZ 2,4,6 —tris(2-
pyridyl)-s-triazine for spectrophotometric def of Fe>99.0% were purchased from Sigma-Aldrich
GmbH (Sternheim, Germany). 2,2’-azino-bis-(3-ethylobenzthioazoline-6-sulfonic acid) (ABTS)
diammonium salt was purchased from AppliChem (Germany). Trolox®, 97%, 6-Hydroxy-2,5,7,8-
tetramethylchroman-2-carboxylic acid was purchased from Acros Organics (USA). Copper chloride
(CUPRAC) standard solution 0.01 mol L™, hydrochloric acid standard solution 0.04 mol L™ and iron
(1) chloride hexahydrate pure (FRAP) p.a. 99.0%, CH3;COONa — CH3COOH buffer solution pH 3.6,
0.3 mol L™ were purchased from CHEMPUR.
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2.2. Measurement methods

Cyclic voltammetry

Voltammetric techniques are the most widely used stationary methods used in the analysis of
phenolic compounds. Voltammetric measurements were performed with an Autolab PGSTAT 30
(EcoChemie, The Netherlands) potentiostat. All experiments were carried out in a conventional
electrochemical cell using traditional three-electrode system. The working electrode used in
experiments was a platinum electrode with geometric surface area of 0.5 cm? The platinum wire was
used as the counter electrode and ferricinium/ferrocene electrode (Fc'/Fc) as reference.
Ferricinium/ferrocene electrode (Fc*/Fc) as reference electrode is recommended by IUPAC [36]. The
effect of the scan rate on the electrooxidation of acids in an non-aqueous medium was assessed. Cyclic
voltammetry (CV) were recorded in the potential from 0 to 1.8 or 2.2 V with various scan rates (0.02
to 1 V s%). All of the solutions were degassed with argon prior to the measurements. During the
measurements, an argon blanket was maintained over the solution. All experiments were performed at
room temperature.

Kinetic parameters of dyes

The recorded voltammograms, under linear diffusion of the first step of electrooxidation, were
used to determine the peak potential (Ep.), half-peak potential (Epa) and half-wave potential (Ei).
Additionally, the voltammograms were used to calculate an anodic transition coefficient (fns) and
heterogeneous rate constant (kpn) of the electrode process for the half-wave potential. The parameters
were calculated from the following equations [36-38]:

fn, = L857RT W
B F(Epa—Epaja)
_ RT _ RT kin RT
E,. =114 fogf  fmgF D;_;; ZBnoF lanBv 2
—fngFE
ki, = kSyexp (—27) ®)

where Dy diffusion coefficient of reduced form, cm?s ™, v — scan rate, Vs % F — Faraday
constant (96,487 C mol™); R — universal gas constant (8.314 J K™ mol™); T — Kelvin temperature.

Quantum chemical calculations

The quantum chemical calculations were performed by the application of the semi-empirical
method using the AM1 with HyperChem program packages. The molecular structures of flavones in
gas phase were fully optimized by using semi-empirical optimization by the applications algorithm
Polak-Ribiere (conjugate gradient) for RMS gradient equal 0.0001 (responsibility for the accuracy of
the calculations). The Enomo highest occupied molecular orbital energies were calculated for the
optimization structures of studied acids.
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DPPH radical-scavenging activity

The ability to scavenge free radicals was examined using the method DPPH. The ethanol
solution of the DPPH (2.0 ml) with a concentration of 40 mg/ml (0.1 mM) was added to 0.5 ml of an
alcohol solution (80% ethanol) that contained 0.02 mg/ml antioxidant. Then, 10 minutes after mixing,
the absorbance of the solutions was determined by UV-Vis spectra at 516 nm. UV-VIS spectra were
recorded with a Thermoscientific Evolution 220 spectrophotometer (2015, USA). As a blank, 70%
ethanol was used [39-40]. The capability to scavenge the DPPH radical (AA%) was determined using
following equation:

Inhibition (% ) = [(Ao-A1)/A,]*x100

where A, was the absorbance of the control and A; was the absorbance in the presence of the
sample of antioxidant.

ABTS radical-scavenging activity

The antioxidant activity of hydroxycinnamic acids was investigated using the ABTS++ method.
ABTS was dissolved in water to a 6 mM concentration and then mixed with 2.45 mM potassium
persulfate. The mixture was incubated in the dark for 16 h. The ABTS /radical solution was diluted
with ethanol to an absorbance of 0.70 at 734 nm. UV-VIS spectra were recorded with a
Thermoscientific Evolution 220 spectrophotometer, produced in 2015 in the USA. After the diluted
ABTSe+ solution (6.0 ml) was mixed with a 50 pL aliquot of each investigated solution (6 mg/ml) or
Trolox in ethanol, the absorbance was measured at 734 nm after 2 min at room temperature. The
inhibition level (%) of absorbance was obtained using the standard curve, which was prepared with
Trolox (% inhibition level- uM Trolox). Results are presented as Trolox equivalent antioxidant
capacity (TEAC), mmol Trolox/100 g antioxidant.

FRAP assay

Another reducing power assay is ferric reducing antioxidant power, which is based upon
reduction of Fe**-TPTZ complex under acidic conditions. In this method, increase in absorbance of
blue-colored ferrous form (Fe**-TPTZ complex) is measured at 595 nm. FRAP reagent was freshly
prepared by mixing 25 mL of acetate buffer (0.3 M, pH 3.6), 2.25 ml of TPTZ solution (10 mM TPTZ
in 40 mM HCI) and 2.25 mL of FeCl; (20 mM) in water solution. Sinapic acid and ferulic acid
dissolved in ethanol. The reaction mixture was incubated at 37°C. The solution was stirred and
incubated for 4 min. Finally, the absorbance of mixture was measured at 595 nm.

Cupric ions (Cu®+) reducing-CUPRAC assay

CuCl, was mixed with 0.25 ml (0.01 M), 0.25 ml of an ethanol solution neocuproine (7.5x10-3
M) and 0.25 ml of buffer solution CH;COONH, (1 M) in the test tube, followed by addition of various
concentrations of samples of antioxidants. Then, the total volume was made up to 2 ml with distilled
water and mixed. The tubes were sealed and left at room temperature. Absorbance was measured at
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450 nm against a reagent blank (water), after waiting for 30 minutes. Increased absorbance of the
reaction mixture indicates increased capacity reduction. Reducing power copper ions (Cu?™).

Statistical analysis

Results are presented as the means and the standard deviation of three independent extractions
(n=3). Statistical analysis was applied for the comparison of the means using the Fischer LSD test
(significance level was set at p< 0.05).

3. RESULTS AND DISCUSSION

3.1. Electrochemical behaviour of caffeic acid and p-coumaric acid at Pt electrode

To investigate electrochemical reactivity of the compounds, first we study these by cyclic
voltammetry technique. Electroanalytical techniques are preferred for the analysis of phenolic
compounds. The application of Pt electrode is the initial stage in our investigations for comparison
with other electrode materials which will be used in electrooxidation. In the case of caffeic acid and p-
coumaric acid, graphite electrode [41], modified carbon electrodes [42], carbon paste electrode [43] are
often suggested in electrochemical analysis. However, platinum seems to be one of the most suitable
electrode materials due to its good electrochemical inertness and ease of fabrication into many forms.
Many studies have reported that biological activities of polyphenolic compounds are in very close
connection with their electrochemical properties. Antioxidant properties of phenolic compounds are
related to their ability to donate electrons. Thus, e.g. compounds with lower oxidation potentials
showed higher antioxidant activity. Cyclic voltammetry (CV) has become an important and widely
used technique electrochemical many fields of chemistry and biochemistry. In particular it is widely
used to study the electrode reactions of the compounds, as well as to obtain information on the nature
of the intermediates and stability of the reaction products.
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Figure 1. Cyclic voltammograms oxidation of caffeic and p-coumaric acids in non-agqueous
environment; ¢ = 2 x 10° mol L™ in 0.1 mol L™ (C4Hg)sNCIO, in acetonitrile, v=0.1 V s™.
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Therefore we performed to study the electrochemical behavior of caffeic acid and p-coumaric
acid using cyclic voltammetry (CV). Sample CV shown in Fig. 1. In the current depending on the
potential of the electrode that the caffeic and p-coumaric acids may be irreversibly oxidized in at least
one stage before the potential of electrode decomposition of the electrolyte. Caffeic acid is oxidized
more easily than p-coumaric acid at a potential of about 0.3 V lower. Peak potential (Ep)
electrooxidation caffeic acids is 1.07 V, while the E, electrooxidation p-coumaric acids is 1.38 V. The
effect of the polarization rate of the reaction of the oxidation of fatty acids was tested. In the cyclic
voltammograms made for various speeds determined polarity peak potential (E,), half-peak potential
(Epr), half-wave potential (E12) and peak current (ip).
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Figure 2. The dependence of the peak current (i,) on the square root of the polarization speed (v
electrooxidation of the studied acids; ¢ = 2 x 10° mol L™ in 0.1 mol L™ (C4He)sNCIO, in
acetonitrile.

1/2
)

Useful information about the electrooxidation mechanism of compounds can usually be
obtained from the relationship between the peak current and the scan rate. Thus, the investigations
included determination of the impact of the scan rate on the potential and current of the acids
electrooxidation. The dependence of the peak current (i) on the square root of scan rate (vl’z) of the
studied acids in electrooxidation presented in Fig. 2 is linear and described by the following equation:

for caffeic acid ip=2.829 x v+ 0.398 R*=0.998

for p-coumaric acid ip = 2.505 x v2-0.145 R? = 0.999
The dependencies described by equations do not intercept the origin, which indicates that the electrode
reactions are diffusion or adsorption-controlled. The dependences of In i, vs. In v is presented in Fig. 3
indicates whether an electrode reaction is controlled by diffusion. The regression equations of the In i,
= f(In v) plots for the anodic of caffeic and p-coumaric acids are: Ini, = 0.375 x Inv + 1.144; R? =
0.998 and In i, = 0.604 x In v + 0.908; R? = 0.997, respectively (Fig. 3). The slope values of these plots
near to 0.5 confirmed also the observation that the electrochemical oxidation of caffeic and p-coumaric
acids on Pt electrode is diffusion controlled.
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Figure 3. Dependence In i, on In v for electrooxidation of the studied acids; ¢ =2 x 10® mol L™ in 0.1
mol L™ (C4Hg)4NCIOy, in acetonitrile.

The effect of the scan rate on the potential of of caffeic and p-coumaric acids electrooxidation
was also investigated.
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Figure 4. (A) Dependence of the anodic (Epa) peak potential on the scan rate (v) for the oxidation of
caffeic acid and p-coumaric acid, (B) Dependence of Eya on Inv; ¢ = 2.0 x 10 mol L™ 0.1 mol
L™ (C4Hg)sNCIO, in acetonitrile at a Pt electrode.
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Fig. 4 A presents the dependence of the peak potential (Ep) vs. the scan rate (v) for of caffeic
and p-coumaric acids electrooxidation. The anodic peak potentials shift towards more positive
potentials as scan rate increases, which points to a degree of irreversibility in the electrochemical
processes.

Moreover, the value of the electron transfer coefficient (fny) for the reaction of acids
electrooxidation was calculated to the equation [36]:

E, —( RT

)Inv+const 4)
s

where: E, - peak potential (V), R - universal gas constant (8.314J K mol™), F - Faraday
constant (96,487 C mol™), T - Kelvin temperature (298 K), png —anodic transfer coefficient, v - scan
rate (V s™).

The dependence of E,, vs. Inv is presented in Fig. 4 B. In the range of the scan rate, E, and In v
showed a linear relationship. The regression equations were:

for caffeic acid Epa ={0.047 Inv (V s} V + 1.2225 V, R2=0.992

for p-coumaric acid Epa ={0.078 Inv (V sH}V +1.559V, R2=0.995.
The value of fng is 0.56 for caffeic acid and 0.32 for p-coumaric acid.

According to Bard and Faulkner [36], g is found as,
P p/2
where Ep, is the potential where the current is at half the peak value. From this result, we
obtained the values of g of 0.28 for caffeic acid and 0.26 for p-coumaric acid. Further, the number of
electrons (n) transferred in the electrooxidation of compounds was 2 caffeic acid and 1.1 for p-

coumaric acid.

When the electrooxidation of caffeic acid in the first step are exchanged electrons, whereas in the case
of p-coumaric acid is mentioned one electron.The voltammograms recorded under linear diffusion of
the first step of the electrooxidation were used to determine the Epa, Epaz, and Eip for the
electrooxidaton of caffeic acid and p-coumaric acid. Additionally, calculated the pn; and the
heterogeneous rate constant (k) of the electrode process for the E;/, [37]. Heterogeneous rate constant
determines the electron transfer rate from the studied molecules to the electrode. It depends on the
structure of the oxidized compound and on the types of solvents, used for the electrode reaction.

The parameters were calculated using the equations (1), (2) and (3). The Ey, of caffeic acid is
1.05+0.02 V and of p-coumaric acid is 1.28 + 0.02 V. The calculated Sny is 0.56 for caffeic acid and
0.32 for p-coumaric acid, and the kp, of the electrooxidation of investigated acids at the Eip is
(3.92+0.05) x 10™ cm s and (3.45+0.05) x 10 cm s™, respectively.

The obtained electrode reaction kinetic parameters (Ey, for electrooxidation of acids) can be
correlated with the Exomo Obtained by quantum-chemical calculations. Distribution of electron density
in researched molecule is not uniform, because of the heterogeneous structure of the compound.
Electron density indicates the most reactive positions of the studied compound. The highest electron
density of studied molecules is on the carbon atoms in the benzene ring, which are linked to the
hydroxyl groups. This fact suggests that the hydroxyl groups at these positions are easily oxidized (Fig.
5).
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Figure 5. The HOMO frontier molecular orbitals of the (A) - caffeic acid and (B) - p-coumaric acid.

The Exomo Values is correlated with the values of E;, that are determined from the cyclic
voltamperograms for the test acids. Caffeic acid, having a two hydroxyl groups in ring, is oxidized
easier and at the faster rate, and the calculated Enomo has the largest value, which is -8.948 eV. In
contrast, p-coumaric, which has one hydroxyl group, is the harder to oxidize, and the calculated Exomo
is the smallest, which is -9.112 eV.

Based on electroanalytical measurements and literature [42, 44-54] data, an oxidation
mechanism of caffeic acid may be proposed (Scheme 1).

O 0
HO N o) X
OH -2e-, -2H* OH

HO o)

Scheme 1. Proposed oxidation mechanism of caffeic acid.

In the first step electrooxidation of caffeic acid they are exchanged two electrons and two protons,
resulting in a 0-benzoguinone acid.

3.2. Evaluation of the antioxidant capacity of the cinnamic derivatives by using ABTS, DPPH, FRAP
and CUPRAC spectrophotometric assays.

We have analyzed the ability of the cinnamic derivatives to scavenge free radicals by using
ABTS and DPPH assays. Antioxidant activity of the polyphenols is highly dependent on the structure
of the position and number of hydroxyl groups. These two methods ABTS and DPPH are
complementary and provide a lot of information on the capability of reacting with free radicals.

Free radicals are responsible for generating the negative processes of oxidation and therefore an
extremely important element in the analysis of polyphenols compounds becomes describe the
mechanism of the antioxidant actions. ABTS and DPPH radicals unfortunately have very limited
relevance to compare the effect of the polyphenol in biological systems.

We set-activity curves for the scavenging in the function of the concentration of acids.
Antioxidant activity of the compound depends on their concentration and reaction time. ABTS is
measured as a reduction of cation radicals as the percentage inhibition of absorbance at 734 nm. Due to
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the fact that solutions of the compounds listed are therefore clear without any interference and may
have used to determine more precisely the free radical scavenging activity.

Table 1. Antioxidant activity (ABTS, DPPH) of the caffeic acid and p-coumaric acid.

Concentration

Inhibition (%)

(ng mi™) Caffeic acid p-Coumaric acid
ABTS DPPH ABTS DPPH
5 9.5+0.08 574026  15.5£0.54  0.5+0.30
10 16.0£0.40 14.5+1.07 18.7£0.07 2.1+£0.54
15 19.0+0.73 16.0+0.26 31.2+0.46 2.8+0.86
20 2224096 21.840.82 34.3+0.82  3.3+0.28
25 29.8+0.72 25.2+1.03 46.6£0.94 5.2+0.30
30 32.1+£0.83  28.5+0.51 51.7+0.41 5.3+0.50
v Caffeic acid 304 Caffeic acid

¢ p-Coumaric acid

¢ p-Coumaric acid

Inhibition ABTS (%)
=
1

[
Inhibition DPPH (%6)

Concentration (g mL") Concentration (g mL")

Figure 6. Radical-scavenging activities of caffeic acids and p-coumaric acid on (A) 2,2-diphenyl-1-
picrylhydrazyle (DPPHe¢), as measured by changes in absorbance at 517 nm and (B) on 2,2'-
azinobis-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTSe+), as measured by changes in
absorbance at 734 nm.

Caffeic acid shows high activity to deactivate radical DPPH, while less for radical ABTS. The
opposite tendency was observed for p-coumaric acid. The biggest differences were noted for the
method of DPPH, for which the activity of caffeic acid increased from 5.7 + 0.26% for a concentration
of 5 pg/ml to 28.5 + 0.51% at a concentration of 30 pg ml™. In contrast, the activity for ABTS
reduction for both tested acids differs pronounced at higher concentrations in terms of 15-30 ug ml™ of
antioxidants (Table 1, Fig. 6). llhami Guelcin has been presented in his paper, that the caffeic acid
exhibits as well as our research shows exceptionally high antioxidant activity measured by various in
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vitro antioxidant assays. Also it indicates that these properties both in terms of scavenging free radicals
and reducing or chelating metal ions with variable valency are comparable to that on commercial
antioxidants such as BHT, BHA [55]. Elena Kurin reported interactions effects of mixture compounds
(synergy; antagonism; additive), which can have a negative influence of their quenching properties.
Therefore, action of the individual compounds do not always reflect the action of the mixture, for
example in the plant extracts [56]. High potential of studied acids for scavenging ABTS radicals and
preventing hydroperoxidation of a lipidic substrate was described by Jaqueline Badanai [57].

Table 2. Antioxidant activity (FRAP) of the caffeic acid and p-coumaric acid.

Concentration FRAP (AA*100%)
(ng ml™) Caffeic acid  p-Coumaric acid
5 4.3 2.4
10 13.7 3.0
15 17.3 3.3
20 21.5 4.0
25 26.8 4.4
30 30.8 4.6

FRAP is a method enabling to determine the ability to reduce the iron ions of biological fluids
and aqueous solutions of compounds. This method allows to determine the reduction potential of
selected polyphenols, it consists on reduction of ferric-tripyridyltriazine (Fe**-TPTZ) complex to the
ferrous (Fe?*) with an maximum absorption at 593 nm.

W
w
1

m  (Caffeic acid
® p-Coumaric acid

W
[=}
1

[
w
1

A A (a.u.) (450 nm)
m

D) 10 15 20 25 30

Concentration (pg mL™)

Figure 7. Antioxidant activity of the caffeic acid and p-coumaric acid samples measured by FRAP
method.

The table number has been presented values of iron reduction ability of p-coumaric acid and caffeic
acid. Definitely more production capacity caffeic acid. It was noticed the trend of increased reduction
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activity in the function of the concentration both tested acids. For caffeic acid at 30 pg ml-1 equal to
the power reduction was up to 30.8 % and for p-coumaric acid at the same concentration AA (*100%)
was equal only 4.6 % (Table 2, Fig. 7).

Table 3. Antioxidant activity (CUPRAC) of the caffeic acid and p-coumaric acid.

Concentration CUPRAC (AA)
(ug mi™) Caffeic acid p-Coumaric acid
5 0.56 0.28
15 0.95 0.33
10 1.95 0.61
20 2.49 0.85
25 3.14 0.91
30 3.30 1.37

Mechanisms of the studied compounds reaction with radicals are quite different. DPPH assay
involves electron transfer, while on CUPRAC is based on the redox reactions. Both methods are not
compatible and do not give linear results. CUPRAC method can be used to analyze the different
antioxidants such as: hydrophilic and lipophilic. The CUPRAC is stable reagent and selective, because
it has a lower redox potential than that of the Fe(l11)/Fe(11).

35
®  Caffeic acid
304 @ p-Coumaric acid

Concentration (pg mL™")

Figure 8. Antioxidant activity of the caffeic acid and p-coumaric acid samples measured by CUPRAC
method.

According to the demostrated data in the table, it shows that the caffeic acid has almost twice
as great potential for the reduction of Cu (Il) ions, than p-coumaric acid. In the case of caffeic acid was
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recorded linear and very large increase of AA to their concentration functions. P-coumaric acid is also

characterized by a linear increase of reduction activity, for concentration 30 ug ml-1, AA is equal to
1.37 (Table 3, Fig. 8).

4. CONCLUSIONS

The electrochemical behaviour of caffeic acid and p-coumaric was investigated CV method at a
Pt electrode. Acids were irreversibly oxidized in at least one stage electrode. Caffeic acid oxidizes
more easily and with greater speed than the p-coumaric. In the case of oxidation of caffeic acid in the
first stage they were exchanged electrons, while in the case electrooxidation of p-coumaric acid was
replaced one electron. Underwent oxidation of hydroxyl groups in the molecules of acids. The number
of hydroxyl groups contained in the molecular affects the antioxidant properties of the test compound.
Caffeic acid has two hydroxyl groups and therefore has a better antioxidant properties than the p-
coumaric acid, which has one hydroxyl group. This studies makes possibility to describe the
dependence of the hydroxycinnamic acids structure on their antioxidant properties. In addition,
through a combination of electrochemical techniques of spectrophotometric assays give a opportunity
to predict the mechanism of oxidation of the tested compounds. According to the method ABTS or
DPPH associated with the electron transfer was much more active caffeic acid, which has two OH
groups in its structure. Similarly, in the case of methods FRAP and CUPRAC caffeic acid has been
shown a great reduction potential for Fe and Cu ions.
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