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Abstract: 

In this study, a comprehensive evaluation of the antioxidant activity of three brown macroalgae 

Dictyota dichotoma, Dictyota fasciola, and Halopteris scoparia from the Adriatic Sea (Croatia) by im-

plementing electrochemical and spectrophotometrical measurements was performed. The aim was 

to find out if the used methods correlate with each other to obtain information about the present 

antioxidant activity. The samples were subjected to fractionation by solid-phase extraction (SPE) 

which allowed the separation of different polarity compounds. Voltammetry of microfilm immo-

bilized on a glassy carbon electrode using square-wave voltammetry (SWV) was applied as an 

electrochemical method, and the obtained results were correlated to the results of four spectro-

photometric methods, namely the reduction of the radical cation (ABTS), the 

2,2-diphenyl-1-picryl-hydrazyl (DPPH) assay, the Folin–Ciocalteu, and the oxygen radical ab-

sorbance capacity (ORAC) assay. All methanolic fractions from three brown macroalgae showed 

higher antioxidant activity than the dichloromethane fractions. The highest activity was obtained 

for H. scoparia methanolic fraction with an IC50 concentration of 1.947 mg/mL. It was found that 

antioxidant activity obtained by SWV only correlates well to 1,1-diphenyl-2-picrylhidrazine 

(DPPH) radical assay (R2 = 0.83,p < 0.05), while a good correlation was found between ABTS and 

ORAC assays (R2 = 0. 0.94, p < 0.05). Correlations indicate that the synergistic effect of different 

compounds extracted from the samples impacted their antioxidant response. All three researched 

brown macroalgae have shown to be a potent source of natural antioxidants that could further be 

used in the research of oxidative stress-related diseases. 
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1. Introduction  

Marine macroalgae or seaweeds are in the last decade in a continuous focus of the 
scientific community, but even in the focus of a wider public as they are acknowledged as 
a valuable source of different bioactive compounds such as polyphenols, peptides, pig-
ments, and polysaccharides that are associated with several health benefits and biological 
activities (Afonso et al., 2019; Cardoso et al., 2014; Cikoš et al., 2021). Evolutionary deve-
lopment of such a variety of natural compounds was enhanced by macroalgal adaptation 
to extreme marine conditions in terms of temperature, light, pressure, oxygen, salinity, as 
well as microbial and viral attacks, and toxicity (Ruocco et al., 2016; Zhao et al., 2018). 
Thus, the chemical composition of macroalgae varies considerably not only among dif-
ferent species but also within the same species that inhabited different ecosystems.  

Brown algae are known for their accumulation of specific metabolites with great 
antioxidant potential, especially phenolic compounds phlorotannins, polysaccharides 
alginates, laminarans, and fucoidans with antiviral, anti-inflamatory, antitumoral, antit-
hrombotic, and antioxidant activity (Rabanal et al., 2014) along with carotenoid fu-
coxanthin with antiproliferative effects on cancer cells (Afonso et al., 2019; Ktari et al., 
2021). Brown algae Dictyota dichotoma and Dictyota fasciola belong to the Dictyotaceae 
family known for producing polyphenols, diterpenes, and sulfated polysaccharides, es-
pecially during stress conditions possessing the capacity of protecting the immune sys-
tem and serving as scavengers of oxygen free radicals (Sathya et al., 2017), while the 
extracts of Halopteris scoparia have shown the potential to be used as a protective and 
preventive agent against human cancers (Güner et al., 2019).  

Antioxidants are a highly heterogeneous group of chemical compounds, and many 
methods have been developed to evaluate the antioxidant potential of algae biomass ex-
tracts (Kohen et al., 2002; Prior et al., 2005). Most assays for the determination of antiox-
idant activity are based on chemical reactions of antioxidants with a probe, which has a 
different color depending on its redox state, followed by spectrophotometric measure-
ment. The main disadvantage of this type of methods is that they are based on color 
formation, which can be problematic when applied to algal extracts due to high concen-
trations of colored chlorophylls and carotenoids, so a blank solution has to be measured 
for each tested sample and concentration. Also, the chemical assays measure only a frac-
tion of the total antioxidant activity in the extract as the performed redox reactions have a 
specific redox potential (Goiris et al., 2012). Electrochemical (voltammetric) methods 
have been recognized as an alternative to chemical antioxidant assays (Čižmek et al., 
2021; Goiris et al., 2012). Some of the benefits of voltammetric measurements are sensi-
tivity (analysis of both lipophilic and hydrophilic extracts, and can be carried out on 
colored samples), rapidity, simplicity (no need for laborious sample preparation and 
simple equipment), and the capacity to directly measure the number of electrons trans-
ferred by an antioxidant. The obtained peak potentials detected in the voltammogram 
can be used as an indicator of the redox potential of major antioxidants present in the 
sample and their reducing power. Voltammetry provides quantitative information on the 
total antioxidant capacity of the sample given by the total area under the curve (AUC). 
This is especially important when crude samples are measured, in which usually several 
compounds with various oxidation potentials contribute to the AUC (Goiris et al., 2012; 
Haque et al., 2021). 

In this study, we evaluated the antioxidant activity of two different fractions from 
three brown macroalgae. The primarily used method was square-wave voltammetry 
(SWV), followed by the reduction of the radical cation (ABTS), the 
2,2-diphenyl-1-picryl-hydrazyl (DPPH) assay, the Folin–Ciocalteu, and the oxygen radi-
cal absorbance capacity (ORAC) assays. To correlate obtained results for antioxidant ac-
tivity, Pearson’s correlation coefficient was used. 
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2. Material and Methods  

2.1.  Chemicals 

The standards of gallic acid (>97.5%), L-ascorbic acid (≥99%), DPPH (2,2-diphenyl-1- 
picrylhydrazyl), ABTS (diammonium salt of 2,2´-azino-bis(3-ethylbenzthiazolin-6-yl) 
sulfonic acid, >99.0%), dichloro-dihydro-fluorescein diacetate (≥97%, DCF-DA), AAPH 
(2,2-azobis (2-methylpropionamidine) dihydrochloride, 97%) and 2´,7´-dichloro fluo-
rescin diacetate were purchased from Sigma-Aldrich (St. Louis, MO, USA). 

Dimethyl sulfoxide (DMSO, p.a.), methanol (p.a.), ethanol (p.a.), hydrochloric acid 
(HCl, p.a.), sodium carbonate (Na2CO3, p.a.), dibasic sodium phosphate (Na2HPO4*2H2O, 
p.a.), monobasic sodium phosphate (NaH2PO4*H2O, p.a.) and Folin–Ciocalteu reagent 
were obtained from Kemika (Zagreb, Croatia) while potassium persulfate (>98%) was 
purchased from Scharlau, (Regensburg, Germany).  

The solvents used for solid-phase extraction were of HPLC grade and were obtained 
from Honeywell (Charlotte, NC, USA). 

2.2.  Macroalgae samples and extraction procedure 

Three brown marine macroalgae: Dictyota dichotoma (DIDI), Dictyota fasciola (DIFA), 
and Halopteris scoparia (HASC) were collected from the Adriatic Sea, transported, cleaned 
with distilled water several times, freeze-dried, and stored at 4◦C until further analysis. 
The extraction was performed on 5 g of each macroalgae sample with a mixture of sol-
vents methanol (MeOH)/dichloromethane (DCM) (1:1, v/v), in an ultrasonic bath (Ban-
delin, Sonorex digiplus 560W, Germany) for 5 min. The extraction of each sample was 
repeated three times with centrifugation between each sonication. The supernatants were 
collected and mixed with C18 powder and then subjected to evaporation under nitrogen 
flow (5.0, Messer, Croatia). The SPE cartridges (C18, Agilent Bond Elut, Germany) were 
conditioned with methanol and ultrapure water, and afterward, the dry extracts were 
eluted using solvents with decreasing polarity (water>MeOH>DCM). Polar fraction F1 
was discarded and was not analyzed within this study, while less polar fractions (F2 and 
F3) were collected and dried under nitrogen flow. Before the analysis, the fractions were 
dissolved with appropriate solvents, F2 fraction in MeOH and F3 fraction in DCM.  

2.2.  Electrochemical analysis 

The electrochemical experiments were carried out in accordance with our recently 
published paper (Čižmek et al., 2021). Briefly, a computer-controlled PalmSens electro-
chemical system (Houten, the Netherlands) with PSTrace software was used with glassy 
carbon electrode (GC electrode, BASi, diameter 3 mm) as a working electrode, an 
Ag/AgCl (3 mol/L KCl) electrode as a reference electrode and a platinum wire as a 
counter electrode. All potentials were expressed versus Ag/AgCl (3 mol/L KCl) reference 
electrode. Cyclic (CV) and square-wave (SWV) voltammetry were performed on all 
samples in 0.1 mol/L phosphate buffer solution (PBS) as an electrolyte solution. Analysis 
of samples was performed by pipetting the known volume of obtained sample (5 µL) on 
the surface of the GC working electrode and left to dry at room temperature for a minute. 
Unless otherwise stated, all measurements were performed in triplicates. CV experi-
ments on modified GC electrode were performed at a potential scan rate of 50 mV/s, 
while SWV was performed using a potential step increment of 2 mV and a square-wave 
amplitude of 20 mV. The frequency varied from 10 to 200 Hz. The change in pH value 
was also analyzed. 

2.4.  Spectrophotometric analysis 

Antioxidant activity was evaluated by implementing four in vitro assays: reduction 
of radical cation assay (ABTS), 2,2-diphenyl-1-picrylhydrazyl-hydrate (DPPH) assay, 
oxygen radical absorbance capacity (ORAC) assay, and Folin-Ciocalteu method. All 
measurements were performed in triplicates on a spectrophotofluorimeter microplate 
reader (Infinite M200 PRO, TECAN, Switzerland) in the multi‐well plate (96‐well). By the 
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reactions with appropriate reagents, obtained fractions were tested for their antioxidant 
activity. Their color change, with regards to control or blank sample, was measured. The 
F2 and F3 fractions of each macroalga were prepared at a stock concentration of 10 
mg/mL and appropriate dilutions of each sample were prepared for further analysis. A 
detailed description of all preformed methods can be found in recently published re-
search (Radman et al., 2022).  

2.5.  Statistical analysis 

The obtained values for evaluation of antioxidant activity are expressed as mean 
values with standard deviations of four replicates. The differences between the means 
were analyzed by Tukey’s test of One-Way ANOVA using GraphPad Prism 8.0 
(GraphPad Software Inc., San Diego, CA, USA). Values of p < 0.05 and lower were con-
sidered significantly different. Correlations and regression analysis describing the anti-
oxidant activities between spectrophotometric methods (ABTS, DPPH, Folin-Ciocalteu, 
and ORAC assays) and voltammetric analysis (SWV) were conducted using the regres-
sion program in GraphPad Prism 8.0. 

3. Results 

3.1.  Voltammetric analysis 

In this research, square-wave voltammetry was employed to determine the antiox-
idant capacity of the dry residues of extracts from brown macroalgae samples immobi-
lized on the surface of GCE and immersed into a 0.1 mol/L phosphate buffer solution. To 
evaluate their activity and optimal electrochemical response, a change in the pH values, 
ranging from 3 to 11, for all obtained extracts was tested. As can be seen from Figure 1a-f, 
the pH of the solution affects the voltammetric response of each sample, i.e., the oxida-
tion current is strongly dependent on pH (data not shown). The potential of the lead peak 
for all samples was independent over the pH range. Voltamograms for fraction F2 for 
both Dictyota species (Fig. 1a and 1c) have similar electrooxidative response which con-
sists of one oxidation peak at the potentials EP = 0.704 V and EP = 0.748 V vs. Ag/AgCl/3 
mol/L KCl, respectively. The voltammogram of the dry residue of fraction F2 from the H. 
scoparia is rather different with a lead oxidation peak at the potential EP1 = 0.622 V and a 
“shoulder” peak at EP2 = 0.960 V which becomes more distinctive with a higher pH value 
(Figure 1e). As can be seen from Fig. 1b,d, and f, fractions F3 for all three samples are 
overall less electroactive than F2 fractions. For Dictyota species, DIDI F3 and DIFA F3, the 
most pronounced peak was observed at the potentials EP = 0.878 V and EP = 0.928 V at pH 
7, respectively. Voltammogram for HASC F3 fraction is similar to voltammogram for its 
F2 fraction, but it can be observed that pH-value has a higher influence on its response, 
with the lead oxidation peak at the potential EP1 = 0.471 V and a “shoulder” peak at EP2 = 
0.669 V at the most alkaline electrolyte, pH 11. 

Under alkaline experimental conditions (pH 11), square-wave voltammograms were 
recorded by changing the frequency in the range from 10 to 200 Hz for all tested samples. 
The peak potential was highly dependent on the logarithm of frequency (10 Hz < f < 200 
Hz) for all macroalgae extracts. Cyclic voltammograms of macroalgae extracts were rec-
orded in PBS (pH 11) within the potential range from -0.5 to 1.2 V and at a scan rate of 50 
mV/s as a support for the electrochemical mechanism of extracts (data not shown).  
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Figure 1. Square-wave voltammetric response curves obtained under different pH conditions for all samples: (a) Dictyota dichotoma 

(DIDI) F2, (b) DIDI F3, (c) Dichtyota fasciola (DIFA) F2, (d) DIFA F3, (e) Halopteris scoparia (HASC) F2, and (f) HASC F3 while immo-

bilized on the surface of glassy-carbon electrode (GCE) and immersed in 0.1 M PBS. The frequency was 50 Hz, pulse amplitude was 

20 mV, and the step potential was 2 mV. 

To assess antioxidant activity using voltammetric analysis, the area under the curve 
(AUC) was integrated, the value of which represents an estimate of the total antioxidant 
activity of the extracts. To express total antioxidant capacity in gallic acid equivalents 
(GAE), a calibration was carried out in which AUC was plotted against different con-
centrations of the gallic acid standard (y = 581304x - 125.52). The highest antioxidant ac-
tivity based on the AUC value was obtained for HASC F2 (0.396±0.032 mg/g GAE), fol-
lowed by HASC F3 (0.234±0.080 mg/g GAE) > DIFA F2 (0.099±0.001 mg/g GAE) > DIFA 
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F3 (0.068±0.006 mg/g GAE) > DIDI F3 (0.050±0.002 mg/g GAE) > DIDI F2 
(0.028±0.002mg/g GAE). Compared to HASC F2 antioxidant activity, HASC F3 showed 
1.7 folds lower activity (p < 0.001), while on average 7 folds lower activity (p < 0.001) was 
obtained for all fractions of Dictyota species. No significant difference in antioxidant ac-
tivity was observed between fractions of two Dictyota species. 

3.2.  Spectrophotometric analysis 

Four other spectrophotometric methods regarding the assessment of antioxidant 
activity were employed, namely ABTS, DPPH, Folin-Ciocalteu, and ORAC assays, and 
diverse results were obtained. As depicted in Figure 2a, results of the DPPH assay, re-
vealed the highest antioxidant activity for HASC F2 with the inhibition percentage 
around 35% for the concentration of 5 mg/mL, followed by DIDI F3 and DIFA F2 extract 
with inhibition percentages around 20%. When normalized per gram of the fraction, 
HASC F2 (9.411±2.436 mg AAE/g fraction) showed a significantly higher (p < 0.0001) an-
tioxidant activity than all other fractions.  

 

Figure 2. Radical scavenging effect of two less polar fractions from three brown macroalgae, Dictyota dichotoma (DIDI), Dichtyota 

fasciola (DIFA), and Halopteris scoparia (HASC), using (a) 2,2‐diphenyl‐1‐picryl‐hydrazyl (DPPH), (b) Folin-Ciocalteu (c) oxygen 

radical absorbance capacity (ORAC) and (d) reduction of the radical cation (ABTS) in vitro assays (mean ± SD; n = 4). Columns 

sharing the same letters indicate a significant difference between all samples (p < 0.001). ND - none determined. 

The results using the Folin–Ciocalteu assay revealed high activity for two F2 frac-
tions, DIDI F2 (77.84±4.19 mg/g GAE) and HASC F2 (58.26±0.22 mg/g GAE), moderate 
activity for DIFA F3 (39.47±0.52 mg/g GAE), low activity for HASC F3 (2.36±1.12 mg/g 
GAE) and DIFA F2 (1.13±0.32 mg/g GAE), while no activity was observed for DIDI F3. 

Antioxidant activity of the different polarity fractions from brown macroalgae var-
ied from 25 to 2500 µM/g TE by implementing the ORAC assay (Fig. 1c). Samples with a 
high ORAC activity were all three methanolic fractions: DIDI F2 (2175.18±246.73 µM/g 
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TE), DIFA F2 (1944.24±63.95 µM/g TE) and HASC F2 (1497.50±26.49 µM/g TE), while F3 
fractions for all three samples exerted significantly lower activity (p < 0.001), as can be 
seen at Fig. 1c.  

The fourth method implemented in this research was the reduction of the radical 
cation by implementing an ABTS assay (Fig 1d). Different concentrations of F2 and F3 for 
all algae were prepared in the range from 0.005 to 15 mg/mL to obtain IC50 curves. The 
IC50 values for both samples were calculated as shown in Table 1, with the corresponding 
confidence interval, slope, and coefficient of determination (R2). As can be seen, the 
lowest IC50 value, i.e., the highest antioxidant activity was obtained for F2 of HASC, fol-
lowed by F2 fractions of DIDI and DIFA which exhibited almost the same activity. Inte-
restingly, IC50 values for fraction F3 of DIDI and DIFA could not be determined because 
the upper inhibition plateau could not be reached, while the IC50 value for HASC F3 is 
relatively high indicating lower antioxidant activity of this sample. 

Table 1. Dose-inhibition results using the ABTS in vitro assay (n = 4) to obtain the half-maximal inhibitory concentration (IC50) with 

the presented confidence intervals, Hillslope, and R2 value.  

Sample 
IC

50
 value, 

mg/mL 
Confidence interval Hillslope R

2
 value 

Dictyota dichotoma 
F2 2.595 1.889 – 2.899 1.122 0.987 

F3 ND - - - 

Dictyota fasciola 
F2 2.582 2.078 - 3.404 1.254 0.984 

F3 ND - - - 

Halopteris scoparia 
F2 1.947 1.332 – 4.320 1.130 0.964 

F3 4.317 3.065 – 5.102 1.854 0.925 

 
To evaluate the correlation between electrochemical (SWV) and spectrophotometric 

(ABTS, DPPH, Folin-Ciocalteu, and ORAC) methods for all samples, Pearson’s correla-
tion coefficient (Utakod et al., 2017) was applied. Multiple regression analysis between 
SWV and DPPH showed a good correlation. The Pearson’s correlation coefficient for 
SWV versus DPPH was a positive value of 0.83 (p < 0.05). For other spectrophotometric 
methods, there was no correlation obtained with SWV. Additionally, a statistically signi-
ficant (p < 0.05) high positive correlation between ABTS and ORAC with Pearson’s cor-
relation coefficient of 0.94 was observed. A medium positive correlation between ABTS 
versus DPPH and Folin-Ciocalteu methods was found with Pearson’s correlation coeffi-
cients of 0.35 and 0.37, respectively. Also, a medium positive correlation between DPPH 
and Folin-Ciocalteu and ORAC assays was observed with Pearson’s correlation coeffi-
cients of 0.29 and 0.30, respectively. Lastly, Pearson’s correlation coefficient of 0.34 was 
obtained between results of ORAC and Folin-Ciocalteu assays. 

4.   Discussion 

Numerous studies in the recent years have been focused on finding important bio-
active compounds with antioxidative activity from natural sources such as marine or-
ganisms (Corsetto et al., 2020). Within this study, in vitro evaluation of the antioxidative 
activity of two fractions, methanolic (F2) and dichloromethanolic (F3) obtained from 
three brown macroalgae (DIDI, DIFA and HASC) was first performed by implementation 
of square-wave voltammetry (SWV) since voltammetric methods determine antioxidant 
activity by measuring the electrondonating capacity. This method has attracted some at-
tention in the last decade because it provides fast and sensitive response and evaluation 
of antioxidant activity of extracts obtained from both macro- and microalgae samples 
(Goiris et al., 2012; Ragubeer et al., 2010; Ragubeer et al., 2012). However, it is still un-
derexploited, probably due to the complex interpretation of the obtained results and the 
fact that extracted compounds need to be electroactive to provide a signal. In this rese-
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arch, focus was on naturally occurring organic compounds in brown macroalgae, and 
since they could act as antioxidants through electron transfer, it was considered that they 
would be largely responsible for the antioxidant activity of analyzed samples. It is known 
that the oxidation potentials of compounds correlate with their antioxidant activity, i.e., 
samples with less positive oxidation potential possess higher radical scavenging activity 
(Hotta et al., 2002). As can be seen from Fig. 1b,d, and f, fractions F3 for all three samples 
are overall less electroactive, probably because the mostly non-polar molecules with 
small or none electroactivity are present in that fractions. (Ir)reversibility of reactions for 
all sample fractions was determined by changing the frequency and plotting the first 
peak P1 potential with the logarithm of frequency (10 Hz < f < 200 Hz). The linear de-
pendence of oxidation peak potentials for all F2 and F3 fractions with the logarithm of 
frequency confirmed that these processes are irreversible (Mirčeski et al., 2007). Subs-
equently, by conducting the cyclic voltammetry (CV) in phosphate buffer solution (pH 
11), all macroalgae showed lower sensitivity but confirmed the (ir)reversibility of these 
processes for each obtained peak. Because SWV yielded more and better-defined peaks 
than the CV, it was used for the determination of the antioxidant profile of these samples. 
The results of AUC were summarized and expressed as gallic acid equivalents for com-
parison with spectropohotmetric assays. Detailed electrochemical analysis of gallic acid 
by means of square-wave voltammetry (SWV) was performed in our recent study (Čiž‐
mek et al., 2021). The obtained results showed higher antioxidant activity for HASC F2 
and F3 fractions than for DIDI and DIFA samples, i.e. most of the area that is quantified 
from the voltammograms of HASC has a lower oxidation potential, around 0.600 V (Fig. 
1e,f). 

Since antioxidants act by several mechanisms and a single assay cannot accurately 
reflect all of the antioxidants in a complex fraction (Antolovich et al., 2002; Gan et al., 
2017) but also to evaluate used voltammetric method, in this research antioxidant activity 
was evaluated by employing additional four spectrophotometric methods. DPPH assay 
measures the antioxidant action via both single electron transfer (a SET mechanism) and 
by radical quenching (hydrogen atom transfer (HAT)), and is most commonly used 
method for estimation of total antioxidant activity. DPPH activity is relatively low when 
expressed per gram of extract for all tested fractions, while two Dictyota species showed 
simmilar activity, H. scoparia showed the highest activity, especially F2 fraction. Results 
of the DPPH assay for D. dichotoma are in agreement with other studies, athough the 
extraction and fractionation steps were different (Çelenk et al., 2016; El-Shaibany et al., 
2020). When analyzing and correlating different extraction methods, El-Shaibany et al., 
2020 found that the different polarity extracts showed different but low antioxidant acti-
vity, explained by complexity of their composition. Additionally, Çelenk et al., 2016 e-
valuated the antioxidant activities of 24 marine macroalgae, among which was D. dicho-
toma, and also observed lower antioxidant activity in the extract obtained by maceration 
in methanol for 10 days. Results obtained by Folin-Ciocalteu method revealed that this 
assay should not be considered as a measure of total phenolic content, but rather as the 
rate of overall antioxidant capacity, similar to ABTS assay because some nonphenolic 
compounds exhibit considerable reactivity toward Folin-Ciocalteu reagent (Everette et 
al., 2010; Sánchez‐Rangel et al., 2013). Obtained results are in accordance with study 
evaluating six Dictyotales samples, among which were DIDI and DIFA extracted with 
methanol overnight (Ktari et al., 2021). Results also showed higher activity for DIDI than 
the DIFA sample. Implementation of ORAC and ABTS assays revealed similar antioxi-
dant behavior of tested samples i.e. methanolic fraction of all three samples showed 
higher activity. Recently, Güner et al., 2019 analyzed three different extracts from H. 
scoparia, namely hexane, chloroform, and methanol extracts utilizing DPPH and ABTS 
assays. The results for methanol extracts were similar to the results of this study (lower 
activity by implanting DPPH assay, and higher inhibition percentage for ABTS assay).  

The applied correlations using Pearson’s correlation coefficient suggest that nume-
rous compounds were extracted from each macroalga and consequently exhibited diffe-
rent modes of action, but also had a synergistic effect. Therefore, the lack of significant 
correlation between methods can be explained. However, this research provided infor-
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mation that SWV can be used to assess the antioxidant activity of the macroalgae samples 
and implies the potential usage of voltammetry to quickly determine their antioxidant 
activity. 

 

5.   Conclusions 

Three brown macroalgae Dictyota dichotoma, Dictyota fasciola, and Halopteris scoparia 
from the Adriatic Sea (Croatia) were investigated in this study with a respect to their an-
tioxidant activity by implementing electrochemical and spectrophotometrical measure-
ments. Fractionation by solid-phase extraction (SPE) allowed the separation of com-
pounds of different polarities with the focus on less polar compounds. By implementing 
square-wave voltammetry (SWV), lower electrooxidation potential was obtained for all 
methanolic fractions. The highest overall antioxidant activity was observed for meth-
anolic fraction F2 of H. scoparia, while both Dictyota species exert similar activity indi-
cating a similar chemical composition. Correlation between voltammetric and spectro-
photometric methods showed that electrochemical analysis can be used for the determi-
nation of antioxidant activity. Overall, these findings indicate the potential of brown 
macroalgae as a source of beneficial antioxidant agents in the different areas of industry. 
However, detailed chemical analysis and determination of a leading electrooxidation 
mechanism are still pending and will provide additional information necessary for the 
elucidation of such complex systems. 
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