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ABSTRACT

Introduction: Antioxidant activity is a key parameter that deter-
mines the potential of active ingredients in skin care products.
Antioxidants play an important role in neutralizing reactive
oxygen species, the excess of which leads to oxidative stress,
accelerating the skin ageing process. Therefore, newer and newer
products are being implemented, especially based on antioxi-
dants of plant origin. One such plant, known for its numerous
health-promoting properties, is Canadian goldenrod (Solidago
canadensis).

The aim of this study was to assess the antioxidant properties
of alcohol extracts obtained from different parts of Canadian
goldenrod in order to assess its potential use as a source of anti-
oxidants.

Materials and methods: The study material consisted of alcohol
extracts obtained from dry leaves, flowers and stems of golden-
rod, which were prepared using ultrasound-assisted extraction.
Four low-molecular-weight alcohols (methanol, ethanol, n-pro-
panol and isopropanol) were used as solvents at 3 concentrations
(40% v/v, 70% v/v and concentrated) using 3 different extraction
times (15, 30 or 60 min). Antioxidant activity was determined

INTRODUCTION

Oxygen, essential for respiration, undergoes a 4-stage reduc-
tion process in organisms, which finally leads to the forma-
tion of a water molecule. During aerobic respiration, however,
not all oxygen is fully reduced, but some of it is converted
into reactive oxygen species (ROS), which play a key role in
various biological processes. Under normal conditions, ROS
act as mediators, regulating cellular metabolism. They are
involved in processes such as cell differentiation, gene activa-
tion, and apoptosis induction. Furthermore, they participate
in cell signaling, both within and between cells, influenc-
ing gene expression. Reactive oxygen species act as second-
ary messengers in processes such as cell growth, cell death,
and the activation of proteins responsible for controlling
cell division [1, 2].

They also play a role in the body’s defense mechanisms.
Under conditions of equilibrium, their levels are carefully
regulated, modulating cellular functions and maintaining

using 2 frequently used spectrophotometric methods: ABTS and
DPPH. These methods allowed for the assessment of the ability
of extracts to neutralize radicals and allowed for the compari-
son of antioxidant activity of extracts obtained from different
parts of the plant.

Results: The highest antioxidant activity was demonstrated by
extracts from dried flowers of Canadian goldenrod, while the
lowest potential was demonstrated by extracts from dried stems.
The highest extraction efficiency was obtained using alcohol-
-water mixtures of medium concentration (70%), regardless of
the type of alcohol. In most cases, the optimal extraction time
was 30 min. Extended extraction time was not always associ-
ated with an increase in activity, which may indicate that some
of the bioactive compounds may be degraded.

Conclusions: Solidago canadensis extracts are a promising phy-
tochemical raw material for use in functional cosmetics and
prophylactic products that support the fight against the effects
of oxidative stress.

Keywords: Solidago canadensis; antioxidant activity; DPPH
method; ABTS method; ultrasound-assisted extraction; anti-
oxidants.

homeostasis. However, changes in their levels, leading to their
excessive production, can cause a number of health problems,
indicating the complex role of ROS in both maintaining health
and the development of disease [3].

Reactive oxygen species, which also include free oxygen
radicals, encompass a wide range of molecules. Also impor-
tantare reactive nitrogen species (RNS), reactive sulfur com-
pounds, and reactive carbon compounds. The most common
ROS and RNS include the superoxide anion radical (0,"), the
hydroxyl radical (¢OH), singlet oxygen (*0,), hydrogen peroxide
(H,0,), nitric oxide (¢NO), and peroxynitrite (ONOO~). These
molecules are particularly harmful to the skin because they
can damage skin cells and tissues [1, 4, 5, 6].

Reactive oxygen and nitrogen species are produced by
natural metabolic processes involving the electron trans-
port chain and can also be generated by various external fac-
tors. These include UVA, UVB, visible light, infrared radiation,
environmental pollutants, and psychological stress. These
factors can induce the production of ROS in the skin, leading

*This publication is based on the Master’s thesis by Zlata Ziaziulia entitled Antioxidant Properties of Alcoholic Extracts of Canadian Goldenrod defended at the Faculty of Health
Sciences, Pomeranian Medical University in Szczecin, Poland. Promotor: prof. Adam Klimowicz Phar. D., D. M. Sc. Hab. The original version contains 79 pages, 26 figures, 18

tables and 154 references.
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to cell damage [1, 4]. Free radicals are highly reactive mol-
ecules that typically possess a missing electron. Therefore,
they seek out the missing electron, attacking healthy cells
to rebalance their structure. This process disrupts normal
cell function and triggers a cascade of uncontrolled chemical
reactions that can lead to the development of various patho-
logical conditions, such as premature skin aging, inflamma-
tion, and even cancer [1, 7].

Oxidative stress occurs when cells or tissues are exposed
to elevated levels of free radicals or when their endogenous
production increases. It is a state in which there is an imbal-
ance between pro-oxidants and antioxidants, leading to the
dominance of oxidative reactions. The metabolic conse-
quences of oxidative stress include, among others, decreased
adenosine triphosphate levels, decreased total glutathione,
and changes in the ratio of reduced to oxidized glutathione
(GSH/GSSG) [8, 9].

Increased levels of ROS result in damage to lipids, proteins,
and DNA. Reactive oxygen species, in particular, affect the
structure of lipid membranes, disrupting their integrity. This
damage includes amino acid modifications, peptide chain frag-
mentation, aggregation of reaction products, changes in electri-
cal charge, enzyme inactivation, and increased susceptibility
of proteins to proteolysis [8]. Reactive oxygen species can also
damage DNA through deoxyribose oxidation, leading to strand
breaks, nucleotide removal, nitrogenous base modifications,
and DNA-protein cross-linking. This can have serious conse-
quences for cellular function and even lead to mutations and
cancer development [9, 10, 11].

Ultraviolet radiation, especially the UVA (320-400 nm), but
also UVB (280-320 nm), is one of the main factors stimulat-
ing the production of ROS in the skin [12, 13]. Exposure to UV
radiation increases the levels of hydrogen peroxide (H,0,)
and hydroxyl radicals (¢OH). Furthermore, both visible light
(400-700 nm) and infrared radiation (700-4000 nm), origi-
nating either from natural or artificial sources, can induce
the formation of ROS, particularly in mitochondria [1, 14, 15].

The effect of free radicals on cells depends primarily on their
concentration and exposure time. In small amounts, the body
uses oxygen radicals as a defense against microorganisms, as
well as regulators and mediators of numerous cellular pro-
cesses [16, 17,18].

Free radicals play a crucial role in stimulating glucose trans-
portinto cells, activating mitogenic factors, and eliminating
pathogens present in the oral cavity. One of the key defense
mechanisms is the so-called “respiratory burst” - an intense
increase in oxygen uptake by immune cells in response to a bac-
terial or viral infection. This oxygen is then utilized by the
enzyme NADPH oxidase to synthesize free radicals, which
effectively neutralize microorganisms [17, 19, 20].

Antioxidants are substances that have the ability to trans-
fer electrons [1]. When they encounter free oxygen radicals,
electron transfer occurs, neutralizing the radicals and con-
verting them into water or other compounds that are easily
removed from the body during metabolic processes [2]. The
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human body has a natural antioxidant defense system that
includes a number of enzymes, such as superoxide dismutase
(SOD), catalase, and glutathione peroxidase. In addition, there
are non-enzymatic antioxidants, such as glutathione, vitamin C,
and vitamin E. These substances play an important role in
neutralizing free radicals and mitigating potential damage
caused by external factors [8, 21, 22].

Antioxidants exhibit characteristic mechanisms of action
that determine their antioxidant activity [23, 24]. These include
the ability to bind free radicals by stabilizing or delocalizing
unpaired electrons, possessing reducing properties involving
electron transfer, the ability to interrupt free radical reac-
tions, and to inhibit the activity of enzymes responsible for
oxidative processes [25, 26]. Therefore, antioxidants play a key
role in scavenging and neutralizing free radicals [27, 28]. As
aresult, they protect epidermal lipids from oxidative processes,
strengthen blood vessels, and exhibit anti-inflammatory and
antimutagenic effects [28, 30].

The skin is the body’s first line of defense against environ-
mental stressors. The aging process is multifaceted, involving
biological, psychological, and social aspects [31, 32]. Biological
aging is first visible in the skin, but changes also affect muscle
tissue, subcutaneous tissue, fascia, and bone structures. The
rate of these processes varies and depends on many factors,
such as skin phototype, morphotype, and exposure to exter-
nal factors [33, 34, 35]-

The skin aging process depends directly on many exter-
nal factors, including, to a large extent, exposure to UV radia-
tion [36]. Furthermore, extrinsic aging accelerates by increas-
ing amount of ROS and the activation of enzymes that degrade
essential skin components, leading to wrinkles, flacidity, rough-
ness, and loss of elasticity [37, 38]. Skin aging is often accompa-
nied by damage to the skin’s protective barrier. Anti-aging cos-
metics are designed to repair the skin barrier and strengthen
the skin’s protection against external factors [39].

In recent years, there has been a growing interest in the use
of cosmetics containing natural ingredients, often obtained
from plants. One such plant is the Canadian goldenrod (Soli-
dago canadensis L.), commonly found as a weed, particularly
in ruderal areas, wastelands, and along roadsides. It is an
erect, rhizomatous perennial plant native to North Amer-
ica [40] belonging to the Asteraceae family [41]. Itis 1 of 138
members of the genus Solidago, found primarily in North
America [42]. Several species also occur in South America,
Asia, and Europe [43].

This species is considered one of the most invasive plants,
and the European and Mediterranean Plant Protection Organi-
zation defines it as an invasive species with a high potential
for spreading and posing a significant threat to the environ-
ment and biodiversity in the region [44, 45].

On the other hand, goldenrod is considered a medicinal
plant. The beneficial properties of S. canadensis have been
known for centuries. Goldenrod is a valued honey plant, and
the honey produced from it is characterized by a high content
of enzymes and polyphenols [46, 47]. The herbal raw material
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obtained from this invasive species has long been used in Euro-
pean phytotherapy to treat diseases of the urinary and genital
tract [48]. This species is known for its complex composition of
specialized metabolites, such as polyphenols, which contrib-
ute to its antioxidant, antimicrobial, and anti-inflammatory
effects [49, 50, 51, 52].

Nowadays, there’ a growing desire to keep the body in
good condition. One of the key factors is the search for prod-
ucts to maintain a youthful appearance for as long as possible.
To this end, cosmetics containing, among other, antioxidants
which have anti-aging properties, are used. Growing public
awareness of the adverse effects of synthetic antioxidants
has led to increased interest in plant-based antioxidants. One
such plant is Canadian goldenrod. Therefore, it was decided
to investigate the antioxidant activity of alcohol extracts from
selected parts of this plant.

The aim of this study was to examine the antioxidant prop-
erties of extracts from selected parts of the wild Canadian
goldenrod, prepared using methanol, ethanol, n-propanol, and
isopropanol as extractants, to determine the effect of the type
and concentration of short-chain aliphatic alcohol used to pre-
pare the extracts on their antioxidant activity and to evalu-
ate the effect of ultrasound-assisted extraction time on the
antioxidant potential of extracts from the analyzed parts of
S. canadensis.

MATERIALS AND METHODS

Reagents used in this study are as follows: 2,2-diphenyl-1-pic-
rylhydrazyl (DPPH), 2,2’-azinobis[3-ethyl-2,3-dihydroben-
zothiazole-6-sulphonate] diammonium salt (ABTS) and
6-hydroxy-2,5,7,8-teramethylchroman-2 carboxylic acid (Trolox)
were purchased from Sigma-Aldrich (St. Louis, MO, USA), meth-
anol, isopropanol and n-propanol and potassium persulphate
were from Chempur (Piekary Slaskie, Poland) and ethanol -
from Linegal Chemicals (Warsaw, Poland). Reagents were of
analytical grade.

Leaves, flowers, and stems of S. canadensis L. - Figure 1 -
were used to prepare the extracts. The plants were collected
on the outskirts of Szczecin, near a forest, away from busy
roads, at the turn of August and September 2024. After collec-
tion, the material was dried in a dryer at 40°C. After drying,
their quality was assessed and then they were ground. The
crushed dried raw material was used to prepare the extracts.

To prepare the extracts of different parts of Solidago
canadensis 4 short-chain alcohols, i.e. methanol. ethanol, iso-
propanol and n-propanol at 3 different concentrations: 40%
(v/v), 70% (v/v) and undiluted, were applied. The procedure
was similar to that described previously [53, 54]. Shortly, to 0.5 g
of raw material placed in glass test tube 10 cm3 of alcohol was
added. The tubes were closed with a plastic stopper and put
into ultrasonic (frequency 40 kHz) bath for 15, 30 or 60 min
(Sonic 0.5, Polsonic, Warsaw). The ultrasound-assisted extrac-
tion, is classified as a green extraction technique due to shorted
extraction time and low solvent consumption [55, 56]. After
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ultrasound-assisted extraction the extracts were separated by
filtration, transferred to stoppered plastic tubes and stored in
dark place at room temperature until analysis of antioxidant
properties [53, 54].

FIGURE 1. Flowering Solidago canadensis L.

To evaluate the antioxidant activity of the obtained extracts
2 frequently applied methods, i.e. the DPPH and the ABTS, were
applied as described in previous papers [57, 58]. These 2 meth-
ods are based on spectrophotometric determinations. Three
samples were prepared from each extract. Trolox was used as
a standard for methods and antioxidant activity was expressed
as Trolox equivalents in mmol/dm?3 based on calibration curves.
For the DPPH method calibration curve presenting the relation-
ship of absorbance vs. Trolox concentration was y = -1.2305x
+0.9999, R = 0.9936, and for the ABTS method y = -0.2409x +
0.8824, R =0.9971).

Statistical analysis was performed using Microsoft Office
Excel. The obtained antioxidant activity results are presented
as the arithmetic mean *standard deviation (SD). To estab-
lish the calibration curve the parameters of linear regression
between absorbance vs. Trolox concentration and correlation
coefficient was calculated. Correlations between concentra-
tions obtained by individual methods (DPPH and ABTS) and
between the activities of extracts obtained from individual
plant parts were also examined.

RESULTS

Figures 2-5 present the effect of ultrasound-assisted extraction
time on the antioxidant activity of extracts from dried flowers,
leaves, and stems of Canadian goldenrod with respect to the
individual alcohols used as extractants. The results presented
here refer to determinations using the ABTS method and are
expressed as Trolox equivalents (mmol/dm3). Figure 2 shows
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the antioxidant activity of extracts from the tested parts of
Canadian goldenrod in methanol, Figure 3 - in ethanol, Fig-
ure 4 - in n-propanol, and Figure 5 shows extracts prepared
in isopropanol. Vertical lines in the graphs represent stand-
ard deviations.

Antioxidant activity of methanol extracts - ABTS method
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FIGURE 2. Mean (+standard deviation - SD) antioxidant activities expressed as
Trolox equivalents (mmol/dm?) of methanol extracts of Solidago canadensis
determined using the ABTS method taking into account the solvent
concentration and the time of ultrasound-assisted extraction. Vertical lines
represent SD

Antioxidant activity of ethanol extracts - ABTS method
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FIGURE 3. Mean (tstandard deviation - SD) antioxidant activities expressed
as Trolox equivalents (mmol/dm?) of ethanol extracts of Solidago canadensis
determined using the ABTS method taking into account the solvent
concentration and the time of ultrasound-assisted extraction. Vertical lines
represent SD

Antioxidant activity of n-propanol extracts - ABTS method
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FIGURE 4. Mean (tstandard deviation - SD) antioxidant activities expressed
as Trolox equivalents (mmol/dm?) of n-propanol extracts of Solidago
canadensis determined using the ABTS method taking into account the solvent
concentration and the time of ultrasound-assisted extraction. Vertical lines
represent SD
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Antioxidant activity of isopropanol extracts - ABTS method
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FIGURE 5. Mean (tstandard deviation - SD) antioxidant activities expressed
as Trolox equivalents (mmol/dm?) of isopropanol extracts of Solidago
canadensis determined using the ABTS method taking into account the solvent
concentration and the time of ultrasound-assisted extraction. Vertical lines
represent SD

Using the ABTS method it was found that dried flower
extracts exhibit the highest antioxidant potential, while
extracts obtained from dried stems exhibit the lowest. Among
the extracts from S. canadensis flowers, the highest antioxi-
dant activity determined by the ABTS method was obtained
using 70% (v/v) methanol as the solvent after 30 min extrac-
tion (18.68 £0.01 mmol/dm3). In contrary, among the extracts
from S. canadensis flowers, the lowest antioxidant activ-
ity determined by the ABTS method was found for extracts
obtained after 30 min extraction using 99% (v/v) n-propanol
as the solvent (2.96 +0.81 mmol/dm?). Among the extracts from
S. canadensis stems, the highest antioxidant activity determined
by the ABTS method was obtained using 70% (v/v) n-propanol
as the solvent after 30 min extraction (11.03 £0.79 mmol/dm?3).
In contrary, the lowest antioxidant activity determined by the
ABTS method for stem extracts was found for the extracts
obtained after 15 min extraction using 96% (v/v) ethanol as the
solvent (0.31 £0.03 mmol/dm?3). For the extracts from S. canaden-
sis leaves, the highest antioxidant activity determined by the
ABTS method was observed after 15 min extraction using 70%
(v/v) isopropanol as the solvent (16.78 +0.15 mmol /dm3), while
the lowest antioxidant activity determined by the same method
was obtained using 99% (v/v) isopropanol as the solvent after
15 min extraction (4.71 £0.32 mmol/dm3).

Figures 6-9 present the effect of ultrasound-assisted extrac-
tion time on the antioxidant activity of extracts from dried
flowers, leaves, and stems of Canadian goldenrod with respect
to the individual alcohols used as extractants. The results pre-
sented here refer to determinations using the DPPH method
and are expressed as Trolox equivalents (mmol/dm3). Figure
6 shows the antioxidant activity of extracts from the tested
parts of Canadian goldenrod in methanol, Figure 7 - in etha-
nol, Figure 8 - in n-propanol, and Figure 9 shows extracts pre-
pared in isopropanol.
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Antioxidant activity of methanol extracts - DPPH method
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FIGURE 6. Mean (t+standard deviation - SD) antioxidant activities expressed as
Trolox equivalents (mmol/dm?3) of methanol extracts of Solidago canadensis
determined using the DPPH method taking into account the solvent
concentration and the time of ultrasound-assisted extraction. Vertical lines
represent SD

Antioxidant activity of ethanol extracts - DPPH method
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FIGURE 7. Mean (tstandard deviation - SD) antioxidant activities expressed
as Trolox equivalents (mmol/dm?) of ethanol extracts of Solidago canadensis
determined using the DPPH method taking into account the solvent
concentration and the time of ultrasound-assisted extraction. Vertical lines
represent SD

Antioxidant activity of n-propanol extracts - DPPH method
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FIGURE 8. Mean (tstandard deviation - SD) antioxidant activities expressed
as Trolox equivalents (mmol/dm?) of n-propanol extracts of Solidago
canadensis determined using the DPPH method taking into account the solvent
concentration and the time of ultrasound-assisted extraction. Vertical lines
represent SD

Using the DPPH method it was found that dried flower
extracts exhibit the highest antioxidant potential, while
extracts obtained from dried leaves exhibit the lowest. Among
the extracts from S. canadensis flowers, the highest antioxidant
activity determined by the DPPH method was obtained using
40% (v/v) isopropanol as the solvent after 15 min extraction
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(3.67 £0.03 mmol/dm?). In contrary, among the extracts from
S. canadensis flowers, the lowest antioxidant activity deter-
mined by the DPPH method was found for extracts obtained
after 15 min extraction using 40% (v/v) ethanol as the solvent
(2.73 +0.37 mmol/dm?3). Among the extracts from S. canaden-
sis stems, the highest antioxidant activity determined by the

DPPH method was obtained using 70% (v/v) ethanol as the

solvent after 15 min extraction (3.05 £0.04 mmol/dm?3). In con-
trary, the lowest antioxidant activity determined by the DPPH

method for stem extracts was found for the extracts obtained

after 30 min extraction using 99% (v/v) isopropanol as the sol-
vent (1.09 £0.07 mmol/dm?3). For the extracts from S. canaden-
sis leaves, the highest antioxidant activity determined by the

DPPH method was observed after 60 min extraction using 70%

(v/v) methanol as the solvent (3.13 +0.09 mmol/dm3), while the

lowest antioxidant activity determined by the same method

was obtained using 40% (v/v) methanol as the solvent after

60 min extraction (0.14 £0.10 mmol/dm?3).

Antioxidant activity of isopropanol extracts - DPPH method
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FIGURE 9. Mean (+standard deviation - SD) antioxidant activities expressed
as Trolox equivalents (mmol/dm?) of isopropanol extracts of Solidago
canadensis determined using the DPPH method taking into account the solvent
concentration and the time of ultrasound-assisted extraction. Vertical lines
represent SD

Statistically significant correlations were found between
the antioxidant activity determined by the DPPH and ABTS
methods for extracts obtained from dry leaves (r = 0.6538,
p =0.00002) and stems (r = 0.5936, p = 0.0001) of S. canadensis.

DISCUSSION

From a cosmetic perspective, antioxidant activity is a key
parameter determining the potential of active ingredients in
skincare products. Antioxidants play a crucial role in neutral-
izing ROS, the excess of which leads to oxidative stress, accel-
erating the skin aging. Effective antioxidants, such as those
found in goldenrod extracts, can protect against oxidative
damage to lipids, proteins, and DNA, as well as strengthen the
epidermal barrier and support skin regeneration [59].

In the medical context, compounds with antioxidant proper-
ties have the potential to prevent chronic diseases such as can-
cer, neurodegenerative diseases, diabetes, and atherosclerosis,
the pathogenesis of which is linked to chronic oxidative stress.
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This means that the phenolic compounds and flavonoids present
in S. canadensis extracts can be used not only in cosmetology
but also in phytotherapy and dietary supplementation [60].

The results of the study showed that alcohol extracts from
different parts of the S. canadensis L. are characterized by vary-
ing antioxidant activity, depending on both the type plant mate-
rial and the extraction conditions - the type and concentration
of solvent, as well as the duration of ultrasound-assisted extrac-
tion. The highest antioxidant potential was found in extracts
obtained from dried flowers, while the lowest was found in
extracts from stems, which is consistent with previous scien-
tific reports indicating a high content of phenolic compounds
mainly in the flowers and leaves of the plant.

The type and concentration of alcohol used as extractant,
as well as the extraction time, had a significant effect on the
ability of the extracts to neutralize free radicals. In most cases,
better results were obtained using medium-concentration sol-
vents (70% v/v), which may be due to the better solubility of
phenolic compounds in alcohol-water mixtures than in pure
alcohols. These results are consistent with those obtained by
others, who indicate that the presence of water in the extrac-
tion system improves the leaching of hydrophilic compounds
while maintaining the alcohol’s ability to extract lipophilic
compounds [61, 62].

The use of ultrasound-assisted extraction could have
increased the efficiency of the process by disrupting cell walls
and facilitating mass transfer. Therefore, this technique has
found application in modern cosmetology and pharmaceuti-
cal applications, where not only effectiveness but also safety
and rapid extraction of active substances are important [63].

The phytochemical composition of a plant is heterogeneous
and can vary significantly depending on its morphological part.
Flowers, leaves, and stems, although derived from the same
biological entity, perform different physiological functions and
contain different groups of secondary metabolites, such as fla-
vonoids, phenolic acids, saponins, and tannins. In the context
of assessing antioxidant potential, this diversity is particularly
important because it directly affects the biological activity of
extracts obtained from individual plant parts [64, 65].

For cosmetic and medical applications, it is important
to select those parts of the plant material characterized by the
highest content of bioactive compounds capable to effectively
neutralize free radicals. This approach not only increases the
effectiveness of dermocosmetic and supplementary prepara-
tions but also optimizes the production of plant extracts.

In this study, particular attention was paid to the evaluation
of the antioxidant activity of extracts from 3 morphologically
distinct parts of the Canadian goldenrod: dried flowers, leaves,
and stems. Analysis of the results allows for the identification
of the most valuable components of the plant material for their
potential application in formulations aimed at anti-aging, pro-
tective, and regenerative effects.

As previously mentioned, the highest antioxidant activity
determined by the ABTS method was observed in dried flower
extracts extracted with 70% methanol for 30 min (18.7 £0.3
mmol/dm3), suggesting the presence of significant amounts
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of phenolic compounds and flavonoids with high a high ability
to neutralize free radical. Determinations performed using the
DPPH method also confirmed the strong antioxidant properties
of these extracts (3.67 +0.03 mmol/dm3) obtained by extrac-
tion with 40% isopropanol for 15 min.

Uzelac BoZac et al. also demonstrated that extracts from
Canadian goldenrod flowers exhibit stronger antioxidant activ-
ity than leaf extracts, which is associated with a higher content
of phenolic compounds. The presence of numerous phenolic
compounds, such as rutin and chlorogenic acid, indicates the
potential use of S. canadensis in phytopharmacy [66].

High activities determined by the ABTS method were also
obtained for S. canadensis leaves, particularly in the case of
extraction with 70% isopropanol (16.8 +0.2 mmol/dm3). A simi-
larly high antioxidant potential was found in extracts prepared
in 70% methanol during 1 hour of extraction and determined
using the DPPH method (3.13 £0.09 mmol/dm3). This means
that the leaves, although less rich than the flowers, are also
avaluable source of antioxidants.

In contrary, stem extracts showed lower activity. In the
case of ABTS determinations the least effective extract was
prepared in 96% ethanol within 15 min (0.31 +0.03 mmol/dm3),
while in the case of DPPH assays the least effective extract was
prepared in 99% isopropanol after 30 min (1.09 +0.07 mmol/
dm?), which suggests a lower content of bioactive components
in this part of the plant.

Marksa et al. also confirmed that Canadian goldenrod con-
tains phenolic compounds, such as chlorogenic acid, rutin, and
isoquercitrin, which exhibit significant antioxidant activity.
The use of ABTS and DPPH methods to determine the antioxi-
dant activity of components separated by HPLC enabled accu-
rate identification and assessment of the activity of individual
compounds with antioxidant properties in plant extracts [67].

Deng et al. evaluated the antioxidant properties of Canadian
goldenrod extracts using the ABTS and DPPH methods and also
demonstrated high antioxidant activity of extracts obtained by
ultrasound-assisted extraction (also used in our own study)
from S. canadensis leaves, especially those harvested at full
flowering stage, which demonstrated high polyphenol content
and the greatest ability to scavenge free radicals. This may
indicate that this plant exhibits significant antioxidant activity,
which depends on the extraction method, plant development
stage, and tissue type [68].

The most important goal of most research on new cosmetic
preparations is to select those fractions of the plant material
characterized by the highest content of bioactive compounds
capable to effectively neutralize free radicals, as confirmed by
Hrytsyk et al. [69]. Their results indicate that Canadian gold-
enrod extract, obtained using 40% ethanol, exhibits promising
anti-inflammatory, hepatoprotective, and antimicrobial prop-
erties. Due to their low toxicity, these extracts may provide
a basis for the development of new herbal drugs with hepato-
protective effects. This approach allows not only to increase
the effectiveness of dermocosmetics or supplements, but also
optimizes the technological processes involved in the produc-
tion of plant extracts [69].
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In summary, S. canadensis has proven to be a valuable raw
material, suitable for use in cosmetics, among other applica-
tions. The most optimal antioxidant properties were found
for flower extracts, which may demonstrate its usefulness in
practical applications.

CONCLUSIONS

1. Extracts from dried Canadian goldenrod flowers exhibit
the highest antioxidant activity, suggesting their greatest
potential for use in cosmetology as anti-aging ingredi-
ents and supporting epidermal regeneration. Extracts
obtained in 70% methanol and 40% isopropanol with
short extraction times proved to be particularly effective.

2. Goldenrod leaves also exhibit high antioxidant activity,
especially when using 70% methanol and isopropanol for
extraction. Their bioactive profile makes them a valuable
ingredient in dermocosmetics with protective properties
and those that help reduce the effects of oxidative stress.

3. Extracts from dried stems show lower antioxidant activ-
ity, which suggests that they are not an optimal source
of phenolic compounds and their use in the cosmetics
or pharmaceutical industry may be limited.

4. The duration of ultrasound-assisted extraction affected
the efficiency of antioxidant compound extraction, with
the most favorable results obtained after 30 min for most
samples. Extended extraction times did not always result
in increased activity, which may indicate the possibility
of potential degradation of some bioactive compounds.

5. The highest extraction efficiency was achieved using
medium-concentrated alcohol-water mixtures (70%),
regardless of the alcohol type (methanol, ethanol, iso-
propanol, n-propanol). This may indicate the important
role of solvent polarity in the effective release of both
hydrophilic and lipophilic active compounds.

6. Canadian goldenrod extracts seem to be a promising
phytochemical raw material for use in functional cos-
metics and products with medical and preventive poten-
tial, supporting the fight against the effects of oxidative
stress, both at the skin and systemically.
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