FARMACIA, 2026, Vol. 74, 4
https://doi.org/10.31925/farmacia.2026.4.16 ORIGINAL ARTICLE

COMPARATIVE EVALUATION OF EXTRACTION TECHNIQUES

FOR THE PHENOLIC CONTENT AND ANTIOXIDANT CAPACITY OF
VIOLA TRICOLOR L. EXTRACTS

PATRICIA MONICA BOZGA!, ANA-MARIA VLASE ?, RADU COSMIN BOZGA **, IONUT
VENTER?, BOBU ADRIAN“ LAURIAN VLASE 3, FLORIN BANICA ° SEBASTIAN NEMETH **

!Doctoral School of Pharmaceutical Sciences, University of Oradea, 410087, Oradea, Romania

2Department of Pharmaceutical Botany, Faculty of Pharmacy, Iuliu Hatieganu University of Medicine and Pharmacy, 8
Victor Babes Street, 400012, Cluj-Napoca, Romania

8Department of Pharmaceutical Technology and Biopharmacy, Faculty of Pharmacy, Iuliu Hatieganu University of Medicine
and Pharmacy, 8 Victor Babes Street, 400012, Cluj-Napoca, Romania

4Faculty of Automatic Control and Computers, National University of Science and Technology Politehnica, 060042,
Bucharest, Romania

SDepartment of Pharmacy, Faculty of Medicine and Pharmacy, University of Oradea, 410073, Oradea, Romania

*corresponding author: bozga.raducosmin@student.uoradea.ro
Manuscript received: May 2026

Abstract

Viola tricolor L. is a medicinal plant with a long history of traditional use and is recognized as a valuable source of antioxidant
phenolic compounds. This study investigated the influence of the extraction technique on the phenolic composition and anti-
oxidant capacity of extracts obtained from the aerial parts of the plant. Five extraction techniques (maceration, microwave,
Soxhlet, extraction assisted by ultrasound, and turbo-extraction) were comparatively evaluated by HPLC-MS, determination
of total phenolic and flavonoid content, and antioxidant assessment using the 2,2-diphenyl-1-picrylhydrazyl (DPPH) assay and
differential pulse voltammetry. The phenolic profile was dominated by rutin (up to 170 pg/mL), together with quercetin gly-
cosides and phenolic acids. Maceration yielded the highest total phenolic content (1.17 mg GAE/mL) and flavonoid (0.29 mg
RE/mL) contents, as well as the greatest antioxidant capacity (4.03 mg and 5.61 mg AAE/mL by DPPH assay and differential
pulse voltammetry, respectively), followed by Soxhlet extraction. The strong correlation between the antioxidant assays con-
firmed the reliability of the analytical evaluation, identifying maceration as the most efficient extraction technique for recov-
ering antioxidant compounds from Viola tricolor L.

Rezumat

Viola tricolor L. este o plantd medicinala cu utilizare indelungata in medicina populara, recunoscuta ca sursa valoroasa de
compusi fenolici cu proprietati antioxidante. Acest studiu a investigat influenta tehnicii de extractie asupra continutului de
compusi fenolici si a capacitatii antioxidante a extractelor obtinute din partile aeriene ale plantei. Au fost evaluate comparativ
cinci tehnici de extractie (macerare, extractie Soxhlet, extractie asistata de ultrasunete, microunde si turbo-extractie) utilizand
analiza HPLC-MS, determinarea continutului total de polifenoli si flavonoide si evaluarea capacitatii antioxidante prin metoda
2,2-difenil-1-picrilhidrazil (DPPH) si voltametrie puls diferentiald. Profilul fenolic a fost dominat de rutozida (pana la 170
pg/mL), aldturi de glicozide ale quercetinei si acizi fenolici. Macerarea a inregistrat cele mai mari valori: 1,17 mg GAE/mL
polifenoli, 0,29 mg RE/mL flavonoide si o capacitate antioxidanta de 4,03 mg AAE/mL prin metoda DPPH, respectiv 5,61 mg
AAE/mL prin voltametrie puls diferentiald, fiind urmata de extractia Soxhlet. Rezultatele celor doud metode au prezentat o
corelatie puternica, confirmand fiabilitatea determinarii. Aceste rezultate evidentiaza macerarea drept cea mai eficientd pentru
extragerea compusilor antioxidanti din Viola tricolor L.

Keywords: Viola tricolor L., rutin, polyphenols, differential pulse voltammetry, HPLC-MS

Introduction

Viola tricolor L. (Violaceae), commonly known as with the significant antioxidant activity, has gener-
wild pansy, is a herbaceous species widely distrib- ated increasing scientific interest over recent dec-
uted throughout the temperate regions of Europe and ades, establishing Viola tricolor L. as a valuable nat-
Asia, with a long history of use in traditional medi- ural source of bioactive compounds with potential
cine (1). Its aerial parts have been used to treat res- pharmaceutical and nutraceutical applications (3).

piratory disorders and dermatological conditions; ef- Phenolic compounds, mainly flavonoids and phe-
fects largely attributed to its high content of phenolic nolic acids, constitute one of the most important classes
compounds (2). The high phenolic content, together of plant secondary metabolites with antioxidant
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properties, due to their ability to neutralize reactive
oxygen species and limit the oxidative processes in-
volved in numerous chronic diseases (4).

The phenolic profile of Viola tricolor L. is predomi-
nantly composed of flavonol glycosides, particularly
rutin, together with quercetin derivatives and phe-
nolic acids, compounds that are recognized for their
significant contribution to the antioxidant activity of
the extracts (5, 6). The recovery of phenolic com-
pounds depends directly on the extraction method,
which determines both the yield and composition of
the resulting phenolic fraction. Extraction parame-
ters, including temperature, solvent-matrix contact
time, and the mode of energy transfer to the plant
material, influence both the release of phenolic com-
pounds and the preservation of their structural integ-
rity (7). Classical methods, such as maceration and
Soxhlet extraction, are used in parallel with tech-
niques based on ultrasound, microwaves, or mechan-
ical homogenisation, each providing a different bal-
ance between extraction efficiency, processing time,
and preservation of labile compounds (8). The
choice of extraction technique is therefore a crucial
step in obtaining extracts rich in active ingredients.
A comprehensive characterization of extracts re-
quires the combination of several complementary
analytical methods. The identification and quantifi-
cation of individual compounds are achieved by
high-performance liquid chromatography coupled
with mass spectrometry (HPLC-MS), an advanced
technique that combines the efficient separation of
complex mixtures with structural confirmation based
on the mass-to-charge ratio, providing the most de-
tailed information on sample composition (9). This
analysis is complemented by the determination of to-
tal polyphenol and flavonoid content, which reflects
the overall phenolic load, and by the assessment of
antioxidant activity, which estimates the functional
capacity of the extract (10).

Although the phytochemical profile of Viola tricolor
L. is well documented, a comparative evaluation of
multiple extraction techniques using the same set of
determinations provides additional insight into how
the choice of method influences the phenolic content
and antioxidant capacity of the extracts. Such an ap-
proach, applied to plant material collected from a
specific region, may contribute to the identification
of the most suitable technique for recovering the ac-
tive constituents of the species.

This study aimed to compare five extraction tech-
niques (maceration, microwaves, Soxhlet, extraction
assisted by ultrasound and turbo-extraction) applied
to the aerial parts of Viola tricolor L. The resulting
extracts were characterized by HPLC-MS, total phe-
nolic and flavonoid content determination, and anti-
oxidant capacity assessment using the DPPH assay
and differential pulse voltammetry, in order to iden-
tify the most efficient extraction method.
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Materials and Methods

Plant material

The plant material was collected from the spontane-
ous flora of Bihor County, Husasdu de Tinca com-
mune, Sititelec village, Romania, 46.886105,
21.900203 (46°53'10.0"N 21°54'00.7"E), an unpol-
luted area, in July, 2025, during the flowering stage.
The aerial parts, consisting of flowering stems with
leaves and flowers, were collected and cleaned of
foreign matter. One specimen was pressed and is
preserved in the herbarium of the Faculty of Medi-
cine and Pharmacy, Department of Pharmaceutical
Botany, UOP code 05.709. The aerial parts were
dried naturally at room temperature (20 - 25°C), in a
well-ventilated room protected from direct sunlight,
for 10 days, until a constant mass was achieved, de-
fined as a difference of less than 0.1% between two
successive weighings performed at 24 h intervals.
The residual moisture content of the dried material
was 8.7%, determined by drying at 105°C to constant
mass. After drying, the plant material was finely
ground using a mortar to increase the surface area and
passed through sieve V (Romanian Pharmacopoeia,
10 edition, nominal aperture 0.315 mm, wire diam-
eter 0.2 mm, 362 openings/cm?). The powdered ma-
terial was stored in hermetically sealed amber glass
containers, protected from light, at room tempera-
ture, until extraction.

Extraction methods

All five extraction methods used were applied to
identical quantities of plant material and solvent,
maintaining a plant material: solvent ratio of 1:10
(w/v), with 70% (v/v) ethanol used as the extraction
solvent. At the end of each extraction, the solutions
were filtered under vacuum through filter paper with
a pore size of 15 - 17 um, and the volume was ad-
justed back to its initial value with the same solvent,
to strictly maintain the 1:10 (w/v) plant material to
solvent ratio and ensure comparability among the ex-
tracts. A single extraction was performed for each
technique, and the resulting extract was analysed in
triplicate in all subsequent determinations, and the
reported values therefore represent analytical repli-
cates. The extracts were stored at 4°C, protected from
light. The spectrophotometric and electrochemical
determinations were performed within 2 - 3 days of
preparation, while the HPLC-MS analysis was car-
ried out within 7 days.

Maceration. Maceration was carried out according
to the protocol described in the Romanian Pharma-
copoeia, 10" edition. The ground plant material was
placed in a sealed amber glass container, to which the
extraction solvent was added, and the system was kept
at room temperature (20 - 25°C), protected from light,
for 10 days, with periodic manual agitation (3 - 4
times a day, approximately 2 minutes each time) to
enhance mass transfer (11, 12).
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Microwave-assisted extraction. Microwave-assisted
extraction was performed in a microwave oven
(Samsung, model MS23K351AW/OL, Dublin, Ireland),
using a two-stage irradiation regimen: 5 minutes at
high power (750 W), followed by 10 minutes at me-
dium power (450 W) (13). The extraction was car-
ried out in a 250 mL borosilicate glass flask contain-
ing 5 g of powdered plant material and 50 mL of sol-
vent. The flask was connected to a reflux condenser,
and the temperature of the solvent was monitored
with a digital thermometer, reaching a maximum of
70°C during irradiation.

Soxhlet extraction. The extraction was performed in
a standard Soxhlet apparatus; the powdered plant
material was placed in a cellulose cartridge (28 x 80
mm, Filter-Lab). The round-bottom flask contained
70 mL of solvent. The process was carried out over
12 successive cycles, each lasting around 40 minutes,
for a total extraction time of approximately 8 hours
(14, 15).

Ultrasound-assisted extraction. Ultrasound-assisted
extraction was carried out by sonication for 10 minutes
in an ultrasonic bath (Polsonic, Sonic 3 model, series
136443, frequency 40 kHz, power 310W, Warsaw,
Poland) (16, 17). Sonication was performed without
external heating or cooling, and the bath temperature
increased from 24.2°C to 29.5°C during the 10 min
treatment.

Turbo-extraction. High-speed homogenization was
performed for 3 minutes at 9000 rpm using a turbo-
extraction device (Biobase, model BK-HG160, se-
rial number DA213AC000283, Shandong, China),
in a 50 mL glass beaker. No cooling was applied dur-
ing homogenization (18, 19).

HPLC-MS Analysis of Phenolic Compounds

The phenolic compounds were determined by liquid
chromatography coupled with tandem mass spec-
trometry (LC-MS/MS), using a Nexera X3 HPLC
system (Shimadzu Corporation, Kyoto, Japan) cou-
pled to a QTOF 9030 mass spectrometer (Shimadzu).
Reference standards of phenolic compounds used in
quantitative analysis were purchased from Sigma
Aldrich (Steinheim, Germany), Merck (Darmstadt,
Germany), Carl Roth (Karlsruhe, Germany), Supelco
(Bellefonte PA, USA), and other commercial suppli-
ers. Stock solutions of the reference standards were
prepared in methanol, from which seven calibration
levels were obtained by serial dilution, at concentra-
tions of 0.05, 0.2, 0.8, 3.2, 12.8, 25.6, and 50 pg/mL.
LC-MS-grade acetic acid and methanol were ob-
tained from Merck KGaA (Darmstadt, Germany).
The separation was achieved using a Zorbax SB-C18
column (100 mm x 3.0 i.d, particle size 3.5 um, Ag-
ilent Technologies), thermostated at 48°C. The mo-
bile phase consisted of solvent A, 0.2% (v/v) acetic
acid in water, and solvent B, 0.2% (v/v) acetic acid
in methanol. Gradient elution was performed as fol-
lows: 0 - 30 minutes, a linear gradient from 5% to
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70% B, followed by a re-equilibration step at 5% B
for 4 minutes. The mobile phase flow rate was 1
mL/min, and the injection volume was 1 pL.

Mass spectrometry detection was carried out in neg-
ative ionization mode, using high resolution (HR-
MS) and tandem fragmentation (HR-MS/MS) model,
with a mass accuracy tolerance of 15 ppm. The elec-
trospray ionization (ESI) source parameters were set
as follows: source voltage, -2000 V; interface tem-
perature, 300°C; spray gas flow rate, 3 L/min; heat-
ing gas flow rate, 15 L/min (air), drying gas flow
rate, 15 L/min (nitrogen); desolvation line tempera-
ture, 300°C, heating block temperature, 400°C. The
methodology was adapted from previously pub-
lished analytical protocols for the determination of
phenolic compounds (20-23).

Quantitative analysis was performed using a time-
scheduled event specific to each available standard
(beginning 0.8 min before and ending 0.8 min after
its retention time), in HR-MS or HR-MS/MS mode.
A compound was quantified only after its positive
qualitative identification, based on Data Dependent
Acquisition (DDA) spectral data. The results were
expressed in micrograms of phenolic compound per
milliliter of plant extract (ug/mL). Compounds for
which an authentic standard was available were
quantified against the corresponding calibration
curve, whereas compounds lacking a specific stand-
ard were expressed as equivalents of the most struc-
turally related reference compound. Data acquisition
and processing were carried out using LabSolutions
5.137 software (Shimadzu Corporation, Kyoto, Japan).
The analytical method was validated for linearity, limit
of detection (LOD), limit of quantification (LOQ), ac-
curacy and precision. Linearity was evaluated over
the concentration range of 0.05 - 50 pg/mL, and the
LOD and LOQ were established at signal-to-noise
(S/N) ratios of > 10 and > 20, respectively.

Total phenolic content

The total polyphenol content was evaluated using the
Folin-Ciocélteu spectrophotometric method (24, 25),
and the results were expressed as acid equivalents.
For each reference compound: gallic acid (Fluka
Chemicals, Buchs, Switzerland) and caffeic acid
(Sigma-Aldrich, Hamburg, Germany), a 0.5% (m/v)
stock solution was prepared, dissolved ina 1:10 (v/v)
ethanol (Chemical Company, lasi, Romania) water
mixture. The solutions were prepared on the day of
analysis or stored at 4°C. Calibration standards cor-
responding to concentrations of 50, 100, 150, 200,
250 and 300 pg/mL were obtained by diluting the
stock solutions.

A volume of 0.04 mL of each calibration standard or
extract, diluted 1:5 (v/v), was mixed under vigorous ag-
itation with 0.2 mL of Folin-Ciocalteu reagent (Merck,
Darmstadt, Germany) and 3.16 mL of distilled water.
After 5 minutes of homogenization, 0.6 mL of 20% so-
dium carbonate (Reagent Bucharest, Bucharest,
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Romania) solution was added. The reaction mixture
was incubated at 20°C for 2 hours, after which the ab-
sorbance was measured at 765 nm against a reagent
blank (26-28). For each reference standard, calibra-
tion curves were constructed by plotting absorbance
against concentration. The total polyphenol content
of each extract was calculated by interpolating the
measured absorbance values onto the corresponding
calibration curves, applying the appropriate dilution
factor, and expressed as mg gallic acid/caffeic acid
equivalents per millilitre of extract (mg/mL).

Total flavonoid content

The total flavonoid content was determined using the
aluminium chloride colorimetric method (29, 30),
with the result expressed in both rutin and quercetin
equivalents, reference substances which were used.
For rutin (Sigma-Aldrich, Hamburg, Germany), a stock
solution of 1 mg/mL was prepared, from which, through
successive dilutions, six calibration standards were
obtained at 100, 200, 300, 400, 500 and 600 pg/mL. For
quercetin (Sigma-Aldrich, Hamburg, Germany), a 1
mg/mL stock solution was prepared in ethanol, from
which six standards were prepared at 50, 100, 150,
200, 250 and 300 pg/mL. Both sets of standards were
subjected to the same reaction procedure.

A volume of 1.5 mL of each calibration standard or un-
diluted extract was mixed with 1.5 mL ethanol, 0.1 mL
of 10% aluminium chloride (Merck, Darmstadt, Ger-
many) solution, 0.1 mL of 1 M sodium acetate (Merck,
Darmstadt, Germany), and 1.25 mL distilled water.
The reaction mixture was maintained at room tem-
perature for 60 minutes, after which the absorbance
was measured at 420 nm (rutin)/415 nm (quercetin)
against a reagent blank (31). The blank sample was pre-
pared under identical conditions, replacing the standard
solution with an equivalent volume of ethanol. A cali-
bration curve (absorbance versus concentration) was
constructed for each reference substance. The total fla-
vonoid content of each extract was calculated by inter-
polating the measured absorbance on two curves, and
expressed as mg rutin equivalents or mg quercetin
equivalents per millilitre of extract (mg/mL).
Antioxidant activity

DPPH method

The antioxidant capacity of the extracts was evalu-
ated using a spectrophotometric method based on the
scavenging of the stable 2,2-diphenyl-1-picrylhydra-
zyl (DPPH) radical, measured in the visible spec-
trum at 517 nm (32, 33). Three reference substances
were used to plot the calibration curves: ascorbic
acid, gallic acid and caffeic acid. For each standard,
an accurately weighed amount of the pure compound
was dissolved in ethanol to obtain a primary stock
solution (1 mg/mL); this was subsequently diluted
with ethanol to the concentration of the working
stock solution, corresponding to the highest concen-
tration on the calibration curves. From each working
stock solution, five calibration standards were prepared
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by successive dilutions in ethanol, as follows: ascor-
bic acid (Fluka Chemicals, Buchs, Switzerland) 20,
10, 5, 2.5 and 1.25 pg/mL, gallic acid 12, 6, 3, 1.5 and
0.75 pg/mL and caffeic acid 25, 12.5, 6.25, 3.125,
and 1.5625 pg/mL. A freshly prepared DPPH (Cay-
man Chemical, Ann Arbor, MI, USA) solution (0.1
mM in ethanol) was used throughout the study. The
solution was protected from light during all experi-
mental procedures.

For each determination, 1 mL of sample, either a cal-
ibration standard solution or extract diluted between
1:50 and 1:400 (v/v) with ethanol, depending on the
extract, was mixed with 3 mL DPPH solution, and
the mixture was kept in the dark at room temperature
for 30 minutes. The absorbance was then measured
at 517 nm in quartz cuvettes with a 1 cm path length.
The control sample was prepared by mixing 1 mL of
ethanol with 3 mL DPPH solution, and ethanol was
used as the blank (12, 34, 35). All determinations
were performed in triplicate.

Calibration curves were constructed by plotting ab-
sorbance against the concentration of each reference
standard. Sample dilutions were selected to ensure
that the measured absorbance values fell within the
linear range of the respective calibration curves. The
antioxidant capacity of each extract was determined
by interpolation of the measured absorbance on the
calibration curves, followed by correction for the ap-
propriate dilution factor and expressed as milligrams
of standard equivalents (ascorbic acid, gallic acid
and caffeic acid) per millilitre of extract (mg/mL).
Differential Pulse Voltammetry

The voltammetric measurements were performed us-
ing an Autolab PGSTAT128N potentiostat (Metrohm
Autolab, Utrecht, the Netherlands), controlled by Nova
2.1.8 software. All electrochemical experiments were
carried out in a 20 mL electrochemical cell, equipped
with a conventional three-electrode system: an Ag/AgCI
reference electrode, a platinum (Pt) auxiliary elec-
trode, and a glassy carbon working electrode (GCE,
diameter 3 mm, Metrohm Autolab, Switzerland) (36,
37). All measurements were conducted at room tem-
perature (25 x 2°C).

A Britton-Robinson (B-R) buffer solution was used as
the supporting electrolyte over the pH range of 2 - 10.
The buffer was prepared from a mixture of phos-
phoric acid (HsPOs), boric acid (HsBO3) and acetic
acid (CHsCOOH), each at a concentration of 0.04
mol/L. The pH was adjusted using 0.01 mol/L NaOH
and measured with a Metrohm 632 pH meter (Metrohm
AG, Herisau, Switzerland) equipped with a com-
bined glass pH electrode. All electrochemical meas-
urements, including calibration standards and sam-
ple analyses, were performed at pH 3.0 (38).
Differential pulse voltammetry (DPV) measurements
were performed over the potential range of 0.0 - 1.2 V
vs. Ag/AgCI using a potential step of 10 mV, a pulse
amplitude of 50 mV, and a pulse duration of 50 ms.
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Calibration curves were established using three ref-
erence compounds: ascorbic acid (AA), gallic acid
(GA), and caffeic acid (CA) (39, 40). Six standard
solutions of each analyte were prepared from 10 M
stock solutions in Britton-Robinson buffer. The con-
centration range was 0.047 - 0.166 mM for AA,
0.011-0.031 mM for GA, and 0.009 - 0.029 mM for
CA. Differential pulse voltammograms were rec-
orded under the optimized experimental conditions.
Peak currents were measured relative to the corre-
sponding baseline of each oxidation peak, and all
measurements were carried out in triplicate. Before
each measurement, the glassy carbon electrode sur-
face was mechanically polished with 0.05 pum alumina
slurry on a polishing pad and subsequently rinsed with
ultrapure water to minimize electrode surface pas-
sivation resulting from the adsorption of phenolic
compounds (41). The electrode was then immersed
in the supporting electrolyte and allowed to equili-
brate for 1 min before recording each voltammogram.
For each extract, an appropriate sample volume was
added to 10 mL B-R buffer in the electrochemical
cell. The aliquot volume (50 - 120 pL, depending on
the sample) was selected so that the resulting analyte
concentration in the electrochemical cell fell within
the calibration range of the corresponding acid, and
therefore within the linear range of the calibration
curves of the acids. Peak current measurements were
performed in triplicate for each sample. The equiva-
lent concentration was determined by interpolation
from the calibration curves of the acids, corrected us-
ing the appropriate dilution factor for each aliquot,
and converted based on the molar mass of acids. The

antioxidant capacity of the extracts was expressed as
milligrams of acid equivalents per millilitre of extract.
Statistical analysis

The results are expressed as the mean + standard de-
viation (n = 3). Prior to analysis of variance, the nor-
mality of the data was verified using the Shapiro-
Wilk test and the homogeneity of variances using
Levene's test; both assumptions were met for all deter-
minations (p > 0.05). For each analytical method, the
differences among the five extraction techniques were
evaluated using one-way analysis of variance (ANOVA),
followed by Tukey’s post hoc test for multiple com-
parisons, with a p-value < 0.05 considered statisti-
cally significant. Groups not significantly different
are denoted by the same letter. Calibration curves
were constructed using linear regression, with line-
arity evaluated based on the coefficient of determi-
nation (R?). Data processing and statistical analysis
were performed using OriginPro version 9.4 (Origin-
Lab Corporation, Northampton, MA, USA).

Results and Discussion

HPLC-MS Analysis of Phenolic Compounds

The polyphenolic composition of the extracts was
characterized using an advanced analytical technique,
high-performance liquid chromatography coupled with
mass spectrometry (HPLC-MS), which enabled the
identification and quantification of 36 compounds
belonging to the classes of flavonoids, phenolic acids
and related derivatives. The results are presented in
Table I.

Table |

Phenolic composition of Viola tricolor L. extracts determined by HPLC-MS

Compound Extraction technique
No. P Maceration Microwave Soxhlet Ultrasound | Turbo-extraction
1 Promc"";el‘j:é's"i;g'd""o' 153640143 | 1.227+0.069 | 1.587+0063 | 1.359+0.077 | 1.252+0.080
2 | Vanillic acid-4-O-glucoside | 0.310 + 0.014 | 0.253+0.017 | 0.321+0.018 | 0.275+0.020 | 0.264 % 0.020
3 | Salicylic acid O-glucoside | 1.635 +0.139 | 1.453 £0.093 | 0.522+0.030 | 1.560+0.055 | 1.473+0.068
4 |Quercetin-3-0-26-dirham-| g 20/, 508 | 6006+ 0402 | 1085540423 | 6.411£0192 | 6.015+0.229
nosylglucoside
5 | Luteolin-7-O-glucoside | 0.326 +0.015 | 0.325+0.025 | 0.411+0.040 | 0.319+0.021 | 0.305<0.017
g |KKaempferol-3-0-(2,6-0i-O- 501 4 6010 | 018440013 | 033040012 | 018540012 | 0.197 +0.014
rhamnosyl-glucoside)
7 Q“ercet'”;’;i'(?;"b'”‘)b" 65.801 + 2.566 | 57.287 +3.953 | 65.826 +5.069 | 60.564 +4.906 | 58.139 + 3.663
g | !sorhamnetin-3-O-di- | 250, 050 | 0.306+0.009 | 0505+0.025 | 0.300£0.021 | 0.304+0.027
rhamno-glucoside

9 |Kaempferol-3-O-rutinoside| 1.712 +0.169 1.363 + 0.059 1.576 + 0.099 1.491 + 0.054 1.415 £ 0.075
10 'Sorham”ets'i':j's"o'r““”o' 3.006+0121 | 2.453+0.164 | 2.930+0.217 | 2.682+0.118 | 2.511+0.090
11 Gallic acid 0413 +0.041 | 0.361£0.036 | 0.616+0.040 | 0.363+0017 | 0.302%0.026
12|  Protocatechuic acid 0.156 £ 0.013 | 0.886 £0.038 | 0.692+0.055 | 0.629+0.040 | 0.453 % 0.040
13 Procyanidin B3 0.285+0.010 | 0.388+£0.037 | 0.143+0.006 | 0.384+0034 | 0.3750.030
14 Procyanidin B1 0.044£0.003 | 0.130£0.012 | 0.026+0.001 | 0.115+0.008 | 0.113%0.010
15| 3-Hydroxybenzoicacid | 0.330 £ 0.020 | 0.299 £ 0.027 | 0.112+0.009 | 0.321 £0.024 | 0.314 £0.013
16 Esculin 0.610+£0.028 | 0.631£0.043 | 0.776+0.047 | 0.653+0.052 | 0.607 0.021
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Compound Extraction technique
No. Maceration Microwave Soxhlet Ultrasound | Turbo-extraction
17 Catechin 0.608 + 0.059 0.657 + 0.065 0.632 +0.057 0.636 +0.032 0.562 +0.042
18 Vanillic acid 1.371 £0.080 1.015 + 0.046 1.433 +£0.066 1.057 £ 0.069 1.020 +0.042
19 Chlorogenic acid 1.294 +0.040 1.103 £0.072 1.458 £0.120 1.127 £0.073 1.049 £ 0.042
20 Caffeic acid 0.116 + 0.006 0.079 +0.007 0.118 £0.011 0.076 + 0.004 0.077 +0.006
21 Esculetin 0.989 + 0.096 0.665 +0.052 0.853 £0.078 0.721 +£0.050 0.662 +0.032
22 Syringic acid 0.234 +0.018 0.164 + 0.006 0.234 £0.018 0.191 + 0.006 0.175 +£0.016
23 p-Coumaric acid 0.810 +0.024 0.611 +0.035 0.816 +0.047 0.689 + 0.052 0.627 +0.020
24 Syringaldehyde 0.101 +0.004 0.056 + 0.005 0.119 £0.011 0.083 + 0.008 0.060 + 0.003
25 Salicylic acid 49970 £3.748 | 42.329+1.482 | 53.240+3.194 | 45.084+2.119 | 42.944+1.331
26 Scopoletin 1.121 £0.035 0.805 + 0.056 1.075 + 0.058 0.880 + 0.063 0.820 £ 0.074
27 Ferulic acid 0.403 + 0.026 0.306 + 0.026 0.381 £0.019 0.342 £0.011 0.320 £ 0.028
28 Coniferyl aldehyde 0.083 + 0.005 0.093 + 0.006 0.111 +£0.007 0.071 £ 0.006 0.082 + 0.006
29 Sinapaldehyde 0.078 +0.007 0.069 + 0.005 0.094 +0.008 0.067 +0.002 0.067 +0.005
30 Vitexin 0.536 +0.048 0.423 +0.022 0.493 £0.031 0.461 +0.036 0.427 £0.038
31 Isoquercitrin 7.151 £ 0.515 5.431 + 0.456 6.963 +0.613 6.056 + 0.218 5.547 +0.338
32 Rutin 170.231 + 12.086 |157.034 + 6.909| 169.185 + 16.411 |162.633 + 5.204 | 158.396 + 13.622
33 Rosmarinic acid 0.280 +0.011 0.095 + 0.007 0.324 £0.032 0.268 + 0.008 0.145 +£0.010
34| Apigenin 7-glucoside 0.035 +0.001 0.030 £ 0.001 0.030 + 0.002 0.030 +0.001 0.030 £ 0.003
35 Quercetin 3.249+0.136 0.147 £ 0.004 0.408 + 0.016 0.591 + 0.057 0.564 + 0.047
36 Hispidulin 0.061 +0.002 0.044 + 0.004 0.050 + 0.003 0.045 + 0.004 0.041 +0.004

The results were expressed as mean + standard deviation (n = 3), in pg/mL of extract.

Compounds for which a specific reference standard
was available were quantified accordingly, and the
others were expressed in terms of a structurally re-
lated compound: phenolic acids as gallic acid equiv-
alents (compounds no. 1 - 3), and flavonoids as querce-
tin equivalents (compounds no. 4 - 10). The phenolic
profiles of all extracts were dominated by a limited
number of major constituents: rutin, quercetin-3-O-
robinobiose and salicylic acid, which together ac-
counted for the majority of the total phenolic con-
tent, with rutin representing the main constituent.

In addition to these, numerous minor flavonoids were
identified, particularly quercetin, kaempferol and iso-
rhamnetin glycosides, as well as a diverse range of
phenolic acids, including caffeic, ferulic, p-coumaric
and chlorogenic acids, together with glycosylated
derivatives of protocatechuic and vanillic acids.

The quantified total phenolic content varied within a
narrow range among the five extracts, due to the high
proportion of major compounds, whose concentra-
tions remained relatively constant. The Soxhlet and
maceration extracts exhibited the highest values,
consistent with the results obtained by spectrophoto-
metric and electrochemical methods.

The predominance of quercetin-type flavonoids, to-
gether with the presence of salicylic acid, is charac-
teristic of the species and supports the correspond-
ence between the identified chemical profile and the
observed antioxidant activity.

Total phenolic content

The total polyphenol content in the five extracts was
determined using the Folin-Ciocalteu method, with
gallic acid and caffeic acid as reference standards.
Calibration curves were plotted, yielding the equa-
tions y = 0.00307x + 0.03245 (R? = 0.9967) for gallic
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acid and y = 0.00294x + 0.01274 (R? = 0.9987) for
caffeic acid, both showing very good linearity. For
each extract, the measured absorbance was interpo-
lated against calibration curves, and the polyphe-
nolic content was calculated after applying the dilu-
tion factor correction and expressed as milligrams
equivalent per millilitre of extract. The results are
presented in Table I1.

Table 11
Total polyphenol content of Viola tricolor L. ex-
tract
Extraction Total polyphenol content
method (mg/mL)
GAE CAE
Maceration 1.171 £0.033% | 1.257 £0.0292
Microwave 0.375+0.010¢ | 0.425 +0.012¢
Soxhlet 0.873+0.019° | 0.946 +0.020P
Ultrasound 0.569 + 0.015¢ | 0.627 +0.017¢
Turbo-extraction | 0.342 +0.012¢ | 0.391 +0.009¢

The results are expressed as mean + standard deviation (n = 3).
GAE - gallic acid equivalents, CAE — caffeic acid equivalents.
Within the same column, values followed by different letters dif-
fer statistically significantly (one-way ANOVA followed by
Tukey’s post hoc test, p < 0.05).

The highest values were recorded for the maceration
extract, followed by the Soxhlet extract, indicating a
superior efficiency of techniques based on prolonged
contact between the solvent and the plant material,
during which the diffusion of phenolic compounds
into the liquid phase occurs more completely. Ex-
tracts obtained using rapid techniques showed lower
values, a result that can be attributed to the signifi-
cantly shorter duration of the extraction process. The
values obtained using both standards followed the same
trend, supporting the consistency of the determination.



FARMACIA, 2026, Vol. 74, 4

Total flavonoid content
The total flavonoid content was determined using the
aluminium chloride method, with the results expressed
as both rutin and quercetin equivalents, based on two
calibration curves: y = 0.00159x - 0.0972 (R? = 0.9962)
for rutin and y = 0.00261x + 0.02526 (R? = 0.9978)
for quercetin. Following the same procedure, the ab-
sorbance of each extract was recorded at both wave-
lengths corresponding to the two standards and plot-
ted on the respective calibration curves, and the val-
ues were expressed as milligrams equivalent per mil-
lilitre of extract. The obtained values are presented
in Table 111
Table 111
Total flavonoid content of Viola tricolor L. extract

. Total flavonoid content
Extraction
method (mg/mL)
RE QE
Maceration 0.287 £ 0.0072 | 0.174 +0.0042
Microwave 0.243 0.143
0.006¢d 0.003b°
Soxhlet 0.268 +0.005° | 0.166 + 0.0042
Ultrasound o | 01510005
Turbo-extraction | 0.237 +0.004¢ | 0.139 + 0.003¢

The results are expressed as mean + standard deviation (n = 3).
RE — rutin equivalents, QE — quercetin equivalents. Within the
same column, values followed by different letters differ statisti-
cally significantly (one-way ANOVA followed by Tukey’s post
hoc test, p < 0.05)
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The total flavonoid content varied depending on the
extraction technique, with the maceration extract
again recording the highest values, consistent with
the trend observed for total polyphenal content and
with the results of the other determinations. Com-
pared with total polyphenol, the values were distrib-
uted over a narrower range, reflecting consistent ex-
tractability of flavonoids and in good agreement with
the chromatographic profile, in which the flavonoid
fraction is predominantly represented by rutin. The val-
ues expressed using both standards followed the same
trend, confirming the reproducibility of the results.
Antioxidant activity

The antioxidant activity of the extracts was evalu-
ated using two complementary methods: DPPH rad-
ical scavenging, a spectrophotometric method, and
differential pulse voltammetry (DPV), an electro-
chemical technigue. In both cases, three reference
substances (ascorbic acid, gallic acid, and caffeic
acid) were used, and calibration curves were plotted
for DPPH absorbance at 517 nm against concentra-
tion (ug/mL) and for DPV, the peak current against
concentration (mM), as presented in Figure 1.

A (517 nm)

T T v T T
8 10 12 ] s 10 15 20

C (ug/mL)

0,020 0,025 0,030

C/mM

0,010 0015

Figure 1.
Calibration curves of the antioxidant standards used for DPPH (A-C) and DPV (D-F) analyses: (A, D) ascorbic
acid, (B, E) gallic acid, (C, F) caffeic acid. Data are presented as mean + standard deviation (n = 3)

The calibration curves showed a linear relationship
between the concentration of the standards and the
absorbance values, as confirmed by the high coeffi-
cients of determination (R?), indicating the reliability
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of the method within the investigated concentration
range. The regression equations and R? values are
presented in Table IV.
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Table IV

Calibration curve parameters for the DPPH and DPV method

Standard substance | Equation of the standard curve | Regression Coefficients (R?)
AA y =-0.03256x + 0.85631 0.9981
DPPH GA y =-0.06203x + 0.83571 0.9989
CA y = - 0.03284x + 0.88003 0.9987
Differential Pulse AA y = 3.75362x - 0.01674 0.99486
Voltammetry GA y = 26.7415x - 0.15889 0.99558
CA y = 28.78503x - 0.14417 0.99490

The validated calibration curves were subsequently
used to quantify the antioxidant capacity of the Viola
tricolor L. extract. Based on the regression equations
obtained, the antioxidant activity of each extract was

determined and expressed in equivalents of ascorbic
acid (AA), gallic acid (GA), and caffeic acid (CA).
The values obtained by the DPPH method and DPV
method are comparatively presented in Table V.
Table V

Antioxidant activity of Viola tricolor L. extract (DPPH and DPV)

Antioxidant activity (mg/mL)
Extraction method DPPH DPV
AAE GAE CAE AAE GAE CAE

Maceration 4,033 +£0.11% | 1.984 +0.050? | 4.287 +£0.10% | 5.604 +0.15% | 0.941 + 0.020% | 0.907 +0.019?2
Microwave 0.579 +0.029 | 0.287 £0.009¢ | 0.610 +0.02¢ | 0.911 +0.02¢ | 0.214 +0.006% | 0.202 + 0.005¢
Soxhlet 2.551+0.07° | 1.256 +0.035" | 2.710 £0.06" | 3.496 + 0.09° | 0.604 +0.015° | 0.581 +0.014°
Ultrasound 1.029 + 0.03¢ | 0.507 £0.013¢ | 1.093 + 0.03¢ | 1.363 +0.04° | 0.336 +0.009¢ | 0.315 + 0.008°
Turbo-extraction 0.633 +0.02¢ | 0.315+0.010% | 0.663 +0.01¢ | 0.814 +0.02¢ | 0.186 +0.005% | 0.175 + 0.004¢

The results are expressed as mean + standard deviation (n = 3). AAE — ascorbic acid equivalents, GAE — gallic acid equivalents,
CAE — caffeic acid equivalents. Within the same column, values followed by different letters differ statistically significantly (one-way

ANOVA followed by Tukey’s post hoc test, p < 0.05)

Both methods yielded the same ranking of extracts,
with the macerate exhibiting the strongest antioxi-
dant activity, followed by the Soxhlet extract, while
the extracts obtained using turbo-extraction and mi-
crowaves showed the lowest values. The agreement
between an optical and an electrochemical method,
evaluated independently, was reflected in a very
strong correlation between the two datasets, which
confirms the reliability of the estimations and sup-
ports voltammetry as a valuable complementary ap-
proach. The two assays nevertheless rely on distinct
chemical principles. The DPPH assay measures the
ability of the extract constituents to scavenge a stable
free radical, mainly through hydrogen atom transfer
or single electron transfer, whereas differential pulse
voltammetry quantifies their direct electrochemical
oxidation at the electrode surface. Since these mech-
anisms are not equivalent, the relative ranking of
samples may differ between assays; the concordance
observed in the present study therefore provides ad-
ditional support for the reliability of the results (36).
A similar correspondence was observed at the level
of the individual compounds. Rutin, the predominant
constituent, together with quercetin, reached the
highest concentrations in the maceration and Soxhlet
extracts and the lowest in the microwave and turbo-
extraction ones, following the same order as the an-
tioxidant activity determined by both methods. The
difference was most pronounced for quercetin, a fla-
vonoid with strong antioxidant properties, whose
concentration in the maceration extract clearly
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exceeded that of the other extracts. This agreement
between the recovery of the main constituents and
the measured antioxidant capacity supports a direct
relationship between the phenolic profile and the
functional properties of the extracts.

Across all five analytical methods, the maceration
and Soxhlet extracts consistently showed the highest
values, followed by the ultrasound extract, while the
microwave and turbo-extraction techniques yielded
the lowest. This ranking reflects the efficiency of the
extraction techniques in recovering phenolic com-
pounds and should be considered in relation to the
duration of each process, as the highest values were
obtained with the most time-consuming techniques,
while the rapid methods provided lower contents in
a considerably shorter time. The rapid techniques
therefore present an advantage in terms of pro-
cessing time and solvent use, consistent with the cur-
rent interest in green extraction (42), which may
compensate for their lower yields depending on the
intended application.

The relative performance of conventional and as-
sisted extraction techniques has been the subject of
numerous comparative studies, covering a wide
range of plant matrices. Ultrasound-assisted extrac-
tion yielded 3.12 g GAE/100 g from black locust
flowers against 2.54 g GAE/100 g for maceration,
with correspondingly better radical-scavenging ac-
tivity, ICso values of 120.5 and 150.6 pg/cm?® respec-
tively (43), 7.01 mg/g against 5.18 mg/g for fresh ol-
ives (44), and 418.01 mg GAE/100 g against 357.34
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mg GAE/100 g for baobab seeds (45). Larger differ-
ences have been reported for by-product matrices,
with 34.87 against 21.45 mg GAE/g for kinnow man-
darin peel, 7.85 against 4.62 mg GAE/qg for rice bran
and 22.80 against 15.40 mg GAE/g for orange peel,
corresponding to increases of approximately 63%,
70% and 48% (46). Microwave-assisted extraction
has shown a comparable advantage for broccoli, in-
creasing the phenolic yield by between 45.7% and
133.6% depending on the plant part, relative to a 24-
hour maceration (47). For Cassia alata, the same tech-
nique provided the highest phenolic content among
maceration, ultrasound, and microwave-assisted ex-
traction, reaching 37.92 mg GAE/qg, followed by ul-
trasound-assisted extraction with 26.91 mg GAE/g
(48). In these designs, the operating parameters of
the assisted technigques were individually optimized,
generally by response surface methodology, and ap-
plied at temperatures between 40 and 59°C, while
the maceration procedures against which they were
compared lasted from 105 minutes to 24 hours.

The outcome of such comparisons depends closely
on the experimental conditions adopted, and the de-
sign of the present study differed in three respects
from those described above. The five techniques
were applied without individual optimization, so that
their performance could be compared on a common
basis; the ultrasound-assisted extraction was carried
out without external heating, the bath temperature
rising only from 24.2 to 29.5°C, and the maceration
was extended over ten days, a contact time approxi-
mately one order of magnitude longer than the long-
est procedure reported in the studies cited above. Un-
der these conditions, the conventional techniques
provided the highest values, an outcome that is con-
sistent with observations reported where the experi-
mental settings were similarly configured. For nettle,
maceration provided 25.67 mg GAE/g, comparable
to or slightly above the 23.86 mg GAE/g obtained by
ultrasound-assisted extraction under optimized con-
ditions of 30 minutes at 80% power and the 24.64
mg GAE/g obtained by microwave-assisted extrac-
tion in 10 minutes. The authors attributed the limited
performance of sonication to the possible formation
of hydrogen peroxide and oxidative radicals during
the process (49). A comparable effect has been de-
scribed for microalgal biomass, where sonication in
methanol reduced the phenolic content relative to
maceration, an outcome ascribed to the localized
thermal spikes exceeding 80°C generated during the
collapse of cavitation bubbles (50). Taken together,
these observations suggest that the energy input of
the assisted techniques may act on phenolic com-
pounds in two opposing ways, promoting their re-
lease from the matrix while also exposing them to
conditions that favour degradation.

Reports comparing maceration with Soxhlet extrac-
tion likewise vary according to the plant matrix.
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Soxhlet extraction proved more efficient for black
locust flowers, where it gave the highest phenolic
content of the three techniques compared, 3.22 g
GAE/100 g (43), and for Lavandula mairei, with
35.12 - 99.37 mg GAE/g against 27.63 - 58.99 mg
GAE/g for maceration, and 119 - 224.6 mg QE/g
against 111.8 - 148.51 mg QE/g for total flavonoids,
using an eight hour extraction (51). Cold maceration,
in turn, was more efficient for the aerial parts of
Thymelaea hirsuta, both in phenolic content and in
radical-scavenging activity, with ICso values of 4.75 -
15.86 mg/L against 12.46 - 17.82 mg/L for the Soxhlet
extracts, a difference attributed by the authors to the
degradation of thermolabile constituents at the tem-
perature required by the latter technique (52). Simi-
lar observations have been reported for microalgal
biomass, where Soxhlet extraction gave the lowest
phenolic content of the three techniques compared,
5.05 mg GAE/g against 20.15 mg GAE/g for macer-
ation (50). A similar outcome was reported for
Syzygium cumini seed kernels, where a six-hour
Soxhlet extraction yielded 30.05 mg GAE/g, com-
pared with 79.89 mg GAE/g obtained by stirred
batch extraction in 105 minutes at 50°C, the corre-
sponding ICso values being 35.89 and 12.97 pg/mL.
The authors attributed the lower recovery to the pro-
longed exposure of the solvent to 100°C in the dis-
tillation flask, which affects thermosensitive constit-
uents, and to the fact that extraction within the thim-
ble proceeds essentially by diffusion (53). A recent
systematic review of olive leaf extraction reconciles
these observations quantitatively, reporting a mean
phenolic recovery of approximately 52 mg GAE/g
for maceration and stirring procedures, not signifi-
cantly different from that of Soxhlet extraction in the
pooled analysis, and concluding that simple solvent
extraction can approach the recovery achieved by
Soxhlet provided that sufficient contact time or re-
peated solvent renewal is allowed (54).

The values obtained in the present study for the mac-
eration and Soxhlet extracts correspond to this last
pattern. The prolonged contact of the ten-day macer-
ation and the repeated percolation with freshly con-
densed solvent in the Soxhlet apparatus appear to
represent two distinct routes towards a comparably
exhaustive recovery, the elevated temperature of the
latter being offset by the continuous renewal of the
extraction medium.

The efficiency of maceration observed for Viola tri-
color L. can also be related to the nature of its phe-
nolic constituents. As the phenolic fraction of this
species is dominated by rutin and other flavonol gly-
cosides, the extended contact between solvent and
plant material favours their gradual release, rutin
reaching comparably high concentrations in the
maceration and Soxhlet extracts. Free quercetin, by
contrast, was distinctly higher in the maceration extract
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than in all the others, which is consistent with an ex-
traction carried out at room temperature.

The values obtained in the present study are in agree-
ment with previously published data on Viola tri-
color L. Expressed on a plant material basis, taking
into account the 1:10 (w/v) ratio used, the total phe-
nolic content of the extracts corresponds to 3.4 - 11.7
mg GAE/g of dried plant material, the maceration
extract being close to the contents of up to 12.84
mg/g described for this species in flower fractions
(5). The phenolic profile is likewise consistent with
earlier reports, rutin being identified as the main con-
stituent both in the present work and in previous
studies on the species (3, 5).

The results should be interpreted considering a few
limitations that also highlight directions for future
research. All determinations were performed in trip-
licate, which was sufficient to detect the marked dif-
ferences observed among the extraction techniques.
However, a higher number of replicates would
strengthen comparisons among extracts with similar
values. In addition, the extraction methods were ap-
plied under standardized conditions without individ-
ual optimization of the operating parameters for each
technique. Consequently, their relative performance
may differ following method-specific optimization.
It should also be noted that the absolute values re-
ported here may not be directly comparable across
laboratories, as antioxidant results are known to de-
pend on the extraction procedure and on the conven-
tions adopted for expressing the data, which differ
between studies. Comparisons are therefore likely to
be more informative when based on relative trends
among samples than on absolute values (9, 30). Fur-
thermore, the phenolic composition and antioxidant
activity within the genus Viola may vary considera-
bly with the species, the plant tissue analysed and the
geographical origin of the material (55). The present
results therefore reflect the profile of the aerial parts
of Viola tricolor L. from a specific region and should
be interpreted accordingly, particularly as the plant
material came from a single site and a single harvest
year. Antioxidant capacity was assessed using chem-
ical assays, and the results provide a basis for further
investigation of effects in biological systems. Over-
all, the marked antioxidant capacity of the Viola tri-
color extracts, together with their content in flavo-
noids and phenolic acids, supports the traditional use
of the species and its potential as a source of natural
antioxidants for pharmaceutical and nutraceutical
applications.

Conclusions

The study compared five extraction techniques ap-
plied to the aerial parts of Viola tricolor L., and the
extracts were evaluated using a combination of chro-
matographic, spectrophotometric and electrochemical
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methods. Maceration yielded the highest values of
phenolic content and antioxidant capacity, followed
by Soxhlet extraction, indicating the superior effi-
ciency of techniques based on prolonged contact be-
tween the solvent and the plant material. The results
obtained using the DPPH method and voltammetry
were closely correlated, and the assessment confirms
the usefulness of voltammetry as a complementary
method. The phenolic profile determined by HPLC-
MS was dominated by rutin and other flavonol gly-
cosides, along with phenolic acids, which supports
the connection between chemical composition and
the antioxidant activity of the extracts. The results
provide a useful reference for selecting the most ap-
propriate extraction technique for Viola tricolor L.
and further support its potential as a natural source
of antioxidant compounds.
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