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Background. Ampelopsis brevipedunculata (Maxim.) Trautv (AB) is recognized 
for its potential in the treatment of hepatotoxic conditions, atopic dermatitis, and skin 
inflammation, which may be due to the synergism of certain bioactive compounds. 
The aim was to evaluate the ability of AB leaf extracts as antimicrobial agents against 
Escherichia coli, Bacillus subtilis, Candida parapsilosis, and to improve the understan­
ding of the influence of polyphenols, flavonoids, hydroxycinnamic acids, carotenoids, 
and chlorophylls in their composition on antimicrobial activity.

Methods. The AB leaf aqueous ethanol (AE) extracts were obtained using the 
reflux condition and maceration methods. Spectrophotometric analysis was used for 
the calculation of phenolic compounds, flavonoids, and hydroxycinnamic acids total 
content, chlorophyll, and carotenoids content in the extracts. The antimicrobial activity 
of the extracts of AB (ABEs) were assessed by the agar diffusion method. 

Results. Distilled water, 20 %, 60 % AE, and 96 % E provided high extraction of 
polyphenols by both methods, and 96 % Е for carotenoids and chlorophylls. E. coli and 
C. parapsilosis were not sensitive to the aqueous extract and the extract prepared with 
20 % AE by maceration. At the same time, ABEs prepared with 60 % AE and 96 % Е had 
a certain inhibitory effect on E. coli and C. parapsilosis. B. subtilis was inhibited by the 
aqueous extract. Correlation analysis confirmed the relationships between the studied 
biological active substances and the diameter of the growth inhibition zones of the tested 
cultures. Two-factor analysis of variance confirmed the reliability of the proportions of the 
influence on the zones of inhibition of the studied cultures in the control and ABEs when 
using the maceration method, as well as ABEs obtained when using 20 % АЕ.
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Conclusion. ABEs are a rich and diverse source of biochemicals that have inhibi­
tory effects against E. coli, B. subtilis, and C. parapsilosis. ABEs can be used as a rich 
source of phenols, flavonoids, hydroxycinnamic acids, chlorophylls and carotenoids for 
further research, and use as antimicrobial agents.

Keywords:	 Ampelopsis brevipedunculata, green extracts, antimicrobial activity, 
biologically active substances

INTRODUCTION
Acclimatization of new plant species in Ukraine contributes to an increase in the bio­

diversity of the flora. Among the introduced plants are edible, decorative, and medicinal 
ones. At the same time, under favorable climatic conditions and the absence of natural 
enemies, there is a possibility of an introduced species “spreading too much” and acqui­
ring the status of invasive. Therefore, it is important to approach the introduction of new 
species with caution, as well as to study the possibilities of using introduced plants for 
certain economic purposes, for example, as medicinal raw plant materials. Ampelopsis 
brevipedunculata (Maxim.) Trautv. (AB) is a deciduous liana, widely distributed in Asia, as 
well as in the eastern part of North America, Mexico, and Guatemala, introduced in the 
botanical gardens of Ukraine. In the regions of natural distribution of АВ its roots, stem, 
leaves, and fruits have long been used as a folk remedy with anti-inflammatory, antioxi­
dant, and antibacterial properties (Yabe et al., 1998; Wu et al., 2004; Choi et al., 2019).

Most of the scientific studies on the screening of the action of extracts and com­
pounds from АВ carried out on model animal objects, cell-free and cell culture systems 
have revealed their potential therapeutic effects. Evaluation of the antihepatotoxic effect 
of the water-ethanol extract of the fruits of АВ, which was carried out in mice, indicates 
inhibition of the progression of liver damage caused by a non-lethal dose of carbon 
tetrachloride (Yabe & Matsui, 2000). Studies demonstrated strong reducing power and 
scavenging effects of hydroxyl radicals and 2,2-diphenyl-1-picrylhydrazyl free radicals 
by the extract, while pretreatment or co-treatment of HepG2 cells with the extract of 
A. brevipedunculata can significantly protect cells from H2O2-induced oxidative stress 
(Wu et al., 2004). 

Ethanol extract of АВ in an in vivo rat fibrosis model significantly inhibited the acti­
vation and altered the morphology of hepatic stellate cells; thus it is regarded as a prom­
ising therapeutic agent for the treatment of hepatofibrosis (Yum et al., 2017).  

Research has revealed the ability of АВЕ to prevent bone loss by inhibiting osteo­
clastogenesis in vitro and in vivo (Kim et al., 2014). Data of Choi et al. (2019) demon­
strated the pharmacological role and signaling mechanism of АВЕ in the regulation 
of skin allergic inflammation, supporting the suggestion that it could be developed as  
a potential therapeutic agent for the treatment of atopic dermatitis (Choi et al., 2019). 
Oral administration of an ethanolic extract of АВ rhizomes improves atopic skin der­
matitis, which could be due to the synergism of individual bioactive compounds with 
potential anti-inflammatory and anti-allergic activity (Choi et al., 2019). It is believed that 
АВЕ could be a candidate material that can be used to enhance skin immunity, health, 
and beauty (Bak et al., 2023). 

Our previous studies and other authors have shown that АВ has excellent anti
bacterial activity against a number of strains (Kundaković et al., 2008a; Kundakovic  
et al., 2008b). 
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Among the 17 compounds in the extract of АВ, which has a protective effect against 
several inflammatory diseases, betulin has a significant activity (Jang et al., 2018). The 
anti-Alzheimer effect of АВЕ is due to its content of flavonoid glycosides, which was 
confirmed both in vivo and in vitro (Rashed et al., 2015). 

A number of studies have reported that plant-based biologically active substances 
(BAS), particularly phenolic compounds, are associated with antimicrobial properties 
(Martillanes et al., 2017; Teodoro et al., 2015; Liu et al., 2025). The search for antibacte­
rial and antifungal agents remains an urgent task, in particular, from plant raw materials. 
The aim of this study was to determine the relationship between the concentrations of 
phenolic compounds, chlorophylls, and carotenoids in prepared green extracts of AB 
leaves and the antimicrobial activity of these extracts.

MATERIAL AND METHODS
The material for our study was AB leaves collected in the flowering phase. 
Sample collection: The shoots of AB were obtained from Dr. Maria Skybitska, who 

introduced Ampelopsis brevipedunculata (Maxim.) Trautv. in The Ivan Franko National 
University of Lviv Botanical Garden. The leaves were separated from the stem, dried in 
the shade, and stored in airtight boxes until use.

Sample preparation: Before preparing the extracts, the dry raw material was 
ground with an electric mill (for grinding coffee beans) from Bosch to obtain powder. 
The work used “green extraction”, that is, solvents (extractants) were used – water and 
aqueous ethanol (AE) of various concentrations. AE extracts of the leaves were pre­
pared with 20 %, 60 % АЕ and 96 % Е by the reflux method at 60–80 °C for 30 min and 
by the maceration method – infusion in the dark at 25 °C for 14 days. Extraction was 
carried out in accordance with the requirements of the State Pharmacopoeia of Ukraine: 
(ratio of sample: extractant = 1:20 (mass, g/volume, mL). After cooling or infusing, each 
extract was filtered through a paper filter. The ABEs thus obtained were used in the 
experiment. Exposure to sunlight was avoided to prevent the loss of active components. 

The total polyphenol content (TPC) in ABEs was determined according to the method 
with Folin-Ciocalteu reagent as described by K. K. Chew et al. (2011) and H. V. Yavorska 
et al. (2023). To measure the extinction, a ULAB 102UV (measuring range 190–1100 nm) 
was used and measured at a wavelength of 650 nm. A control sample was prepared 
identically by replacing 1 mL of extract with 1 mL of bidistilled water. 

The total flavonoid content (TFC) of the ABEs was determined according to the 
method described by H. V. Yavorska et al. (2023). 

The content of hydroxycinnamic acids (HCA) was determined by the spectropho­
tometric method (Koyro et al., 2009). The content of the sum of HCA (X) in percent (%) 
was calculated in terms of caffeic or chlorogenic acid and dry raw materials accordingly. 

Chlorophylls (Chl) and carotenoids (Car) were extracted with 96 % Е. The optical 
density of the ABEs was determined at wavelengths corresponding to the absorption 
maxima of chlorophylls a and b and Car. Calculations of the Chl content in the extract 
were carried out according to the formula proposed by Wintermans and de Mots (1965).

The total carotenoid content in the ABEs prepared with 96 % Е was determined by 
the method described in Natividad and Rafael (2014).

Bacteria: Escherichia coli (ATCC 25922), Bacillus subtilis (VKM B-408), and yeast 
Candida parapsilosis (ATCC 22019 = UKM Y-73т) were used as test cultures obtained 
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from the culture museum of the Department of Microbiology of the Ivan Franko National 
University of Lviv. Test cultures of bacteria were grown on trypsin-soy agar (ТSA), and 
yeast on glucose-peptone agar (Sabureau medium) for 24 and 48 hours, respectively, in 
a thermostat at a temperature of 28 ± 1 °C. Ciprofloxacin, 0.3 % (1 drop/well) was used 
as a control for bacterial cultures, and fluconazole (150 mg) – for fungi.

The antimicrobial and antifungal effect of the ABEs was detected by diffusion into 
a dense medium, in which 0.2 mL of aqueous and aqueous-ethanolic extract from the 
wells diffused into agar. Approximately 20 mL of nutrient medium (ТSА or Sabureau 
agar) was poured into sterile Petri dishes. After the medium solidified, the Petri dishes 
were inoculated with prepared thick suspensions standardized to 0.5 McFarland; 
4–5 wells with a diameter of 6 mm were cut with a flamed drill, maximally spaced from 
each other. The dishes with ABEs in the wells were placed in a thermostat at a tempera­
ture of 28 ± 1 °C for one-two days, respectively (Gudz et al., 2014). 

After cultivation, the diameter of the zone of inhibition (ZI) was measured with  
a ruler. Еxtractants (20 %, 60 %, 96 % aqueous ethyl alcohol) were used as controls. 

To evaluate antimicrobial activity, the criteria according to G. Cappelli & F. Mariani 
(2021) were used.

Statistical analysis of the results was performed using the Microsoft Office Excel 
2010 software package. The statistical program Jamovi 2.3.21 was used for correlation 
analysis of the obtained data. The scales were consistent with the normal distribution. 
To test the hypothesis of the relationship between the diameter of the ZI and the con­
tent of TPC, TFC, HCA, Chl, and Car, Pearson’s linear pairwise correlation was used.  
Two-Way ANOVA of Excel software was used to determine the share of influence of 
ABEs and cultures and extracts and extraction methods. The experiments were con­
ducted in five replicates.

RESULTS
Extracts were prepared from AB leaf powders using maceration and reflux methods 

with AE concentrations of 20 %, 60 %, and 96 % in the extraction solvent. An aqueous 
extract was also prepared using the reflux method.

Total phenolic, flavonoid, hydroxycinnamic acid, chlorophyll and carotenoid 
contents in ABEs. The TPC of the leaf ABEs of the studied AB was determined by 
the Folin–Ciocalteu method. Despite the solubility of phenolic compounds in water 
and aqueous ethanol of various concentrations, the content of polyphenols in AB leaf 
extracts varied within quite wide limits (Table 1). AB leaf extracts obtained by macera­
tion with 60 % AE and 96 % E showed approximately equally high TPC.

The results of the study showed that the highest concentration of total polyphenols 
was found in extracts prepared with 60 % AE and 96 % E. That is, 60 % AE and 96 % E 
are effective solvents for the extraction of phenolic compounds from AB leaves.

In general, distilled water, 20 %, 60 % AE, and 96 % E as extraction solvents, pro­
vided high extraction of polyphenols by the maceration and reflux methods, and they 
were used further.

The TFC of the samples was estimated by the flavonoid-aluminum chloride conjuga
tion method. Table 2 reports the results of TFC analyses of the AB leaf extracts. The esti­
mation of TFC in different samples revealed values from 11.27 ± 0.82 to 22.33 ± 1.21 mg·g-1 
DW in quercetin equivalent, and 10.55 ± 0.52 to 28.76 ± 0.53 mg·g-1 DW in quercetin 
equivalent for the maceration and reflux method, respectively. 
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Table 1.	Total polyphenol content in Ampelopsis brevipedunculata leaf extracts prepared 
using different extractants and methods of extraction (M ± σ, n = 5)

Method of the extraction Extractant mg∙g-1 DW in gallic acid equivalent

Maceration
20 % AE 11.70 ± 0.04
60 % AE 17.96 ± 0.70
96 % E 19.04 ± 1.09

Reflux

Distilled H2O 9.60 ± 0.01
20 % AE 7.25 ± 0.01
60 % AE 11.57 ± 0.38
96 % E 9.38 ± 0.03

Note: AE – aqueous ethanol; E – ethanol; DW – dry weight

Table 2.	Total flavonoid content in Ampelopsis brevipedunculata leaf extracts prepared 
using different extractants and methods of extraction (M ± σ, n = 5) 

Method of the extraction Extractant mg∙g-1 DW in quercetin equivalent

Maceration
20 % AE 11.84 ± 0.76
60 % AE 11.27 ± 0.82
96 % E 22.33 ± 1.21

Reflux

Distilled H2O 10.55 ± 0.52
20 % AE 28.76 ± 0.53
60 % AE 16.55 ± 1.83
96 % E 16.73 ± 1.30

Note: AE – aqueous ethanol; E – ethanol; DW – dry weight

The values of the TFC differ by 30–170 % depending on the extraction method and 
extractant.

HCA are the most abundant phenolic compounds in plants. Their content in AB 
leaves is given in Table 3.

Table 3.	Total hydroxycinnamic acid contents of Ampelopsis brevipedunculata leaf extracts 
prepared using different extractants and types of extraction, (M ± σ, n = 5)

Method of the extraction Extractant
% in terms of DW in equivalent to the
chlorogenic acid caffeic acid

Maceration
20 % AE 8.63 ± 0.83 11.59 ± 0.40
60 % AE 14.08 ± 1.18 20.76 ± 1.80
96 % E 12.18 ± 0.64 17.20 ± 0.12

Reflux

H2O 9.17 ± 0.49 5.94 ± 0.10
20 % AE 12.37 ± 0.28 18.45 ± 0.49
60 % AE 18.61 ± 1.25 24.29 ± 2.72
96 % E 15.87 ± 0.72 23.38 ± 0.81

Note: AE – aqueous ethanol; E – ethanol; DW – dry weight
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Overall, the HCA content was lower in the aqueous extract compared to the AE 
ones. The content of HCA in extracts made with 60 % AE was the highest, regardless of 
the extraction method and the method of recalculation.

Table 4 presents the quantitative content of photosynthetic pigments (Chl a, Chl b, 
and Car) in the ethanol extract of AB leaves. The results of total Car content in ABEs 
were recorded in the range of 101.29 to 374.54 μg∙g-1 DW depending on the extraction 
method used.

Table 4.	Total content of photosynthetic pigments in ethanol extract of Ampelopsis 
brevipedunculata leaves using two extraction methods, (M ± σ, n = 5) 

Method of the extraction Chlorophyll a,
mg·g-1 DW

Chlorophyll b,
mg·g-1 DW

Carotenoids,
μg∙g-1 DW

Maceration 9.92 ± 0.07 2.03 ± 0.06 374.54 ± 0.23
Reflux 1.13 ± 0.01 0.91 ± 0.02 101.49 ± 0.35

Note: DW – dry weight

The maceration method extracted 2–9 times more chlorophyll than the reflux 
method. Chlorophyll a content in the leaves was 1.2 or 4.9 times higher than that of 
chlorophyll b, depending on the extraction method.

Antimicrobial activity of the ABEs. The antimicrobial activity of the extracts of AB 
were assessed. The ABEs inhibited the growth of the tested microorganisms to varying 
degrees. The antimicrobial activity of the AB leaf extracts tested against different selected 
microorganisms is described in Table 5. 

Table 5.	Effect of Ampelopsis brevipedunculata (Maxim.) Trautv. leaf extracts on 
microorganisms (well method), M ± σ, n = 5) 

Type of the extraction Extractant
Test cultures, diameter of growth inhibition zone, mm
Escherichia coli Bacillus subtilis Candida parapsilosis

Control
20 % AЕ 10.33 ± 0.47 6.33 ± 0.27 7.33 ± 0.27
60 % AЕ 13.00 ± 0.71 6.67 ± 0.27 8.00 ± 0.47
96 % Е 15.20 ± 0.83 8.33 ± 0.27 12.33 ± 0.27

Control, ciprofloxacin, 0.3 % 
(1 drop/well) 50.0 ± 0.70 52.23 ± 0.47 -

Control, fluconazole, 150 mg 
(0.2 mL/ well) - - 41.21 ± 6.91

Maceration
20 % AЕ 8.41 ± 0.55*** 6.18 ± 0.37 8.0 ± 0.67
60 % AЕ 14.83 ± 0.84** 9.66 ± 0.53*** 11.2 ± 0.81***
96 % Е 19.0 ± 0.84*** 15.84 ± 2.37*** 19.64 ± 0.47***

Reflux

Distilled water 6.76 ± 0.84 21.00 ± 1.00 6.17 ± 0.37
20 % AЕ 14.66 ± 1.82*** 11.04 ± 0.73*** 10.38 ± 0.47***
60 % AЕ 14.80 ± 1.48* 16.03 ± 0.73*** 13.00 ± 1.23***
96 % Е 14.42 ± 0.55 13.64 ± 1.08*** 23.57 ± 1.08***

Note: AE – aqueous ethanol; E – ethanol; *р < 0.05, **р < 0.01, ***р < 0.001
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E. coli was not sensitive to aqueous and prepared with 20 % AE extract by the 
maceration method. At the same time, the extracts prepared with 60 % AE and 96 % E 
had some inhibitory effect on E. coli. The aqueous extract had high inhibitory activity 
against the tested B. subtilis. Other ABEs showed a much weaker effect of suppressing 
the growth of B. subtilis (on the scale we used – moderate), and the solvents them­
selves did not affect it. Extracts prepared with 20 % AE and distilled water had no 
inhibitory activity against the tested C. parapsilosis. At the same time, the zones of 
inhibition growth of C. parapsilosis under the action of extracts made with 60 % AE and 
96 % E were significantly larger than in the control with the solvents. Since controls of 
extractants showed no inhibition, it proves that solvents did not act as antibacterial and 
anticandidal agents. All the tested strains of microorganisms were highly sensitive to the 
reference synthetic antimicrobial drugs – ciprofloxacin and fluconazole (Table 5). 

To determine the relationships between the studied groups of BAS and antimicro­
bial activity, a correlation analysis was performed, the results of which are presented in 
Table 6.

Table 6.	Results of correlation analysis of growth inhibition zones of microorganisms with 
Ampelopsis brevipedunculata (Maxim.) Trautv. biologically active substances in 
extracts (n = 5)

Type of the 
extraction Extragent

r between the diameter of the growth inhibition zone 
and the BAS

Escherichia coli Bacillus subtilis Candida parapsilosis

Maceration

20% AЕ HCHA -0.667 TPC 0.607 TPC -0.758
HCHA 1.000***

60% AЕ TPC -0.801 - TPC 0.750

96% Е
TPC -0.801
TFC -0.677
HCHA 0.762

TFC 0.665
Car 0.884*

HCHA 0.885

TPC 0.629
TFC 0.881*
Car 1.000***
HCHA 0.671

Reflux

Distilled water TFC 0.518 TFC 0.518 -

20 % AЕ HCCA 0.760 TPC -0.645
HCHA -0.599

TPC -0.667
HCCA -0.996**
HCHA -0.722

60 % AЕ
TPC 0.744
TFC -0.662

HCHA -0.847

HCCA 0.766
HCHA -0.780 HCCA -0.742

96 % Е -

TPC 0.769
TFC 0.943

HCCA 0.895*
Chl b 0.681
Car 0.835

HCHA 0.885*

TFC 0.910*
HCCA 0.843

Car 0.614
HCHA -0.733

Note:	 AE – aqueous ethanol; E – ethanol; TFC – total flavonoid content; TPC – total polyphenol content; 
HCHA – hydroxycinamic (chlorogenic acid); HCCA – hydroxycinamic (caffeic acid); Chl – chlorophyll; 
Car – carotenoids; * р < 0.05, ** р < 0.01, *** р < 0.001
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Two-factor analysis of variance used to determine the share of the influence of 
ABEs and cultures (Fig. 1) revealed that the growth inhibition zones of the studied cul­
tures are most influenced: in the controls, the cultures themselves (63.56 %, р < 0.001), 
when the reflux extraction method was used – unaccounted factors (59.85 %), and 
when the maceration method used – the ABEs (87.18 %, р <0.001).

Fig. 1.	 The proportion of the effect of extracts and cultures on growth inhibition zones, %; * р < 0.05,  
** р < 0.01, *** р < 0.001

Using a two-factor analysis of variance to determine the proportion of influence of 
extracts and extraction methods, it was found that the growth inhibition zones of the 
studied crops are most affected: when using 20% АE – extracts (62.39 %, р < 0.01); 
when using 60 % АЕ – approximately 1:1 extracts:extraction methods and unaccounted 
factors; when using 95 % АЕ – 41.88 extracts (Fig. 2).

Fig. 2.	 The share of the influence of extracts and extraction methods on the zones of inhibition of bacterial 
and candida growth, %; * р < 0.05, ** р < 0.01
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The obtained results indicate that the studied AB green extracts, having different 
BAS content, had different effects on microorganisms.

The studied A. brevipedunculata, under the cultural conditions of the Botanical 
Garden, is characterized by high shoot-forming ability, bears fruit annually, and its seeds 
are normally developed. The shoots are rarely frost-hardy and can grow up to 4–5 m. 
That is, it is possible to obtain a sufficient amount of raw materials for use annually.

DISCUSSION
The increased search for alternative antimicrobial agents from natural sources, 

especially from plants, has also been prompted by reports of hepatotoxic and carcino­
genic effects of synthetic antimicrobials (synthetic antioxidants) (Mavrommatis et al., 
2021; Yueha et al., 2014; Kyriakidis et al., 2016). Medicinal plants (MPs) represent  
a huge resource for new drugs to combat bacterial and fungal diseases. MP research 
has usually focused on the study of plant extracts. Standard antimicrobial studies 
involve the extraction of the MP in a suitable solvent followed by the analysis of this 
crude extract against a specific pathogen using standard methods. The antimicrobial 
plants’ compounds may inhibit bacteria by a different mechanism than the presently 
used synthetic antibiotics and may have preventive or clinical value in the treatment 
of resistant microbial strains (Eloff et al., 1998). It can be considered proven that if the 
extraction is intended to screen plants for antimicrobial components, the influence of 
the extractant is not important (but the extractant should not interfere with the bioassay 
procedure), and the choice of solvent also depends on what the extract is intended for 
(Eloff et al., 1998). The use of green solvents for the production of plant extracts with 
pharmacological activity has a number of advantages – above all, safety and efficiency.

According to previous reports (Wagner & Ulrich-Merzenich, 2009), the potentiation of 
the antimicrobial activity by a natural product can be achieved by different mechanisms. 
Synergistic effects can be produced if the constituents of an extract affect different tar­
gets or interact with one another in order to improve the solubility and thereby enhance 
the bioavailability of one or several substances of an extract. Green solvents such as 
ethanol are an environmentally friendly choice for medical and pharmaceutical applica­
tions. In addition, these extractants can be used to produce teas, tinctures, etc. Ethanol 
is one of the least toxic solvents for humans, and furthermore, its extraction capacity 
can be easily modulated by the addition of water, making it an ideal solvent for the 
extraction of a wide range of plant bioactive compounds with variable polarity (Lee et al., 
2024). Ethanol can be used to prepare tinctures as a solvent in various ratios with water 
for use in herbal medicine. AE of various concentrations can be prepared at home, and 
the maceration (infusion) method can be used for extraction.

The reflux extraction method for BAS extraction from MP is efficient, cost-effective, 
and widely used in both laboratory and industrial settings. Maceration and reflux methods 
with Е or AE as solvents can extract various biologically active compounds from plants.  
E and AE are effective in extracting various types of compounds found in plant tissues 
and possessing various properties, including antimicrobial ones. The extraction meth­
ods used may not yield sufficient amounts of certain phytochemicals. However, they can 
easily be used to produce a herbal medicinal product or herbal preparation that meets 
the requirements of the basic documents for pharmaceutical development, research, 
and registration of herbal preparations and herbal medicinal products in Ukraine and the 
European Union (European Medicines Agency, n.d.; Hadzhieva et al., 2023). 
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To have a complete picture of the bioactivity of crude extracts, and to achieve 
the extraction of the widest possible range of phytochemicals, we used two methods: 
maceration (cold infusion) and heating in a water bath with a reflux condenser (reflux 
method). The effect of the type of solvent used on the extraction of polyphenols from 
AB leaves is shown in Table 1, indicating that extracts obtained with 60% and 96% Е 
had high TPC. Despite the fact that it is difficult to achieve complete extraction of BAS 
using these methods, they are simple, sufficiently reproducible if the extraction condi­
tions are observed, and can be used for initial research into the properties of plants 
species extracts, in particular antimicrobial ones. The use of the same sets of extracts 
using identical methods for determining the content of various compounds and common 
standards allows us to compare the obtained results. 

Diffusion methods are qualitative methods and provide insight into the presence or 
absence of antimicrobial substances in the tested extract, and are still widely used in 
many studies (Balouiri et al., 2016). Statistical methods allow us to correlate the con­
tent of BAS with antimicrobial activity, therefore statistical processing of the obtained 
material is used to correlate the metabolomic profile of the extracts and their bioacti
vity. When processing the obtained results, the possible effects of standard commercial 
drugs (fluconazole and ciprofloxacin) and BAS extractants on the studied strains of 
microorganisms were taken into account. 

In this study, AB leaves were examined for the content of polyphenols, flavonoids, 
HCAs, chlorophylls, and carotenoids as part of their metabolites with antimicrobial activity. 
Amongst phenolic compounds, flavonoids and HCAs have been widely recognized for their 
antibacterial property due to their tendency to retard the growth of a wide range of patho­
genic microorganisms, including multidrug-resistant bacteria (Shamsudin et al., 2022). 

Phenolic compounds, which have a broad range of chemical additions and exhibit 
potent antimicrobial activities, can target multiple sites in bacteria, leading to a much 
higher sensitivity of cells towards these natural compounds (Efenberger-Szmechtyk 
et al., 2021; Lobiuc et al., 2023). 

Flavonoids and HCAs are known for their antimicrobial effects. A number of flavonoids 
isolated in pure form or in extracts have been described as antimicrobial agents (Cushnie 
& Lamb, 2005; Górniak et al., 2019; Biharee et al., 2020). Flavonoids show antimicrobial 
effect by various mechanisms: inhibiting virulence factors, efflux pump, membrane dis­
ruption, cell envelope synthesis, nucleic acid synthesis, and bacterial motility inhibition 
(Biharee et al., 2020; Shamsudin et al., 2022; Liu et al., 2025). These compounds are 
believed to have a lower probability of bacterial resistance occurrence (Borges et al., 
2013), provide protective actions against different deleterious agents and biofilm forma­
tion (Oteiza et al., 2005). In addition, certain flavonoids have been reported to reverse 
antibiotic resistance and improve the efficacy of the present antibiotics (Biharee et al., 
2020; Song et al., 2021; Ruddock et al., 2011; Abreu et al., 2015; Guan et al., 2022). 

HCAs have demonstrated efficacy against various bacteria, including both Gram-
positive and Gram-negative strains, as well as fungi (Taofiq et al., 2017). Some phenolic 
acids are known to cause disruption of bacterial and fungal cell membranes, and, finally, 
cell death (Teodoro et al., 2015; Martins et al., 2015). Some previous studies reported 
that C. parapsilosis was able to metabolize phenolic acids (Middelhoven et al., 1992; 
Middelhoven, 1993) and to grow in the presence of some phenolic acids after 3 days of 
cultivation (Heleno et al., 2015).
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In this study, we demonstrated that ABEs with polyphenols, flavonoids, and HCAs 
inhibit E. coli, B. subtilis, and C. parapsilosis to some extent, suggesting that each of 
these BAS may contribute to this inhibition as has been supported by statistical analysis. 

Given that Chl and Car are always present in photosynthetic organs and parts of 
plants, as well as their good solubility in Е, they are also present in ethanol extracts. 
Extraction conditions and other substances present can significantly affect their content 
in the extract, and therefore their antimicrobial activity, which requires investigation in 
each individual case (Ebrahimi et al., 2023). In view of this, the content of Chl and Car 
in ABE was studied. There are also individual studies concerning antimicrobial effects 
of chlorophyll. Antibacterial properties of Chl isolated from Medicago sativa were found 
against Listeria and Staphylococcus (Ahmadi et al., 2022). Іt was found that the high 
chlorophyll content in Punica granatum leaves inhibits not only bacteria, but also yeasts 
and fungi (Elbatanony et al., 2019). At the same time, chlorophyll content in Punica 
granatum leaves was comparable to that obtained by us in AB leaves (Ebrahimi  & 
Lante, 2021). Antimicrobial activity of extracts from other plant species has also been 
associated with high chlorophyll content (Dziedziński et al., 2020; Ilieva et al., 2024; 
Bhagavathy et al., 2011) in particular regarding E. coli and B. subtilis (Pothiraj et al., 
2021; Bhagavathy et al., 2011). 

In addition, Car have also been identified as antimicrobial molecules (Karpiński 
et al., 2022). There are several papers that have presented the antimicrobial activity of 
higher plants with high content of Car (eg. Ahmad Nejhad et al., 2023; Mavrommatis 
et al., 2022; Molnár et al., 2005; Natividad et al., 2014; Tao et al., 2010; Miljković et al., 
2022), and most of them used algae extracts or bacterial or yeasts resources (Tran 
et al., 2019; Vargas-Sinisterra et al., 2021; Villaró et al., 2021; Ambati et al., 2014; Ilieva 
et al., 2024). Taking into account the available studies, both ours and those of other 
authors, we can assume a positive role of Car as antimicrobial substances. 

It should also be noted that there is a significant gap in research on the metabolism 
of Car in the colon and their interactions with the gut microbiota, i.e. the microorga­
nisms that inhabit the gut (Bohn, 2017). The bacterial community in the large intestine 
may promote carotenoid bioavailability by completing the digestion of plant cell walls 
and modulating intestinal permeability, thereby providing high serum carotenoid levels 
known to be associated with a reduced risk of chronic diseases (Djuric et al., 2018). 
The above features (the effects of Car and the intestinal microbiota, their interactions 
with other BAS, etc.) determine the need to investigate these effects in further studies.

Some studies suggest that the presence of phenolic compounds within the pigment-
rich extracts could be a synergist of antimicrobial activity (Dziedziński et al., 2020; 
Elbatanony et al., 2019), and even enhance the action of synthetic antimicrobials (Álvarez-
Martínez et al., 2021). However, there are reports of the possibility of Car and flavonoids 
reducing the efficacy of some antimicrobial drugs against clinical isolates of E. coli and 
Staphylococcus aureus (dos Santos et al., 2015). This indicates a complex interaction 
between BAS included in the extracts during their application and the need for careful 
study of each extract, in particular, toxicological studies need to be conducted.

The extracts obtained by maceration with 60 % AE and 96 % E showed the highest 
content of total TPC polyphenols (Table 1). This directly correlates with their highest inhi­
bitory activity against E. coli and C. parapsilosis (Table 5). Correlation analysis (Table 6) 
confirms this relationship, but it may also indicate the dominance of other components in 
this activity or a complex interaction.
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The highest flavonoid content was found in the 96 % E extract obtained by macera­
tion and in the extract obtained with 20 % AE by reflux (Table 2). The activity of the 96 % 
E sample (maceration) against C. parapsilosis was the highest, and correlation analysis 
indicated a strong relationship between TFC and this activity (r = 0.881, р < 0.05). In 
contrast, the extract with 20 % AE (refluxed) had the highest TFC, but its activity against 
C. parapsilosis was negligible, indicating that not only the total TFC content, but also the 
type (structure) of flavonoids or their synergy with other BACs determines the final acti
vity. The highest HCA content (calculated as chlorogenic and caffeic acids) was recorded 
in the extract obtained by refluxing with 60 % AE (Table 3). This extract showed moder­
ate but significant activity against all three microorganisms, including B. subtilis.

The aqueous extract had the lowest TPC, TFC, and HCA values (Tables 1–3). Its 
extremely high activity against B. subtilis compared to other extracts may indicate the 
presence of highly polar, water-soluble compounds other than the main phenols stud­
ied, which are potent inhibitors of Gram-positive bacteria. This requires further identifi­
cation of these specific water-soluble BAS. The correlation analysis (Table 6) shows the 
multifaceted activity of the extracts against B. subtilis.

The content of photosynthetic pigments (Table 4) was estimated in 96 % ethanol 
extracts, as it is an effective green solvent for lipophilic compounds. Maceration was 
found to be much more effective for pigment extraction than reflux, releasing 2–9 times 
more chlorophyll and almost 4 times more carotenoids (Table 4). It was the extract 
prepared by maceration with 96 % E, containing the highest concentrations of Chl a, 
Chl b, Car, as well as the highest TPC and TFC, that demonstrated the broadest spec­
trum and the highest overall activity among all tested extracts (especially against E. coli 
and C.  parapsilosis). Correlation analysis (Table 6) for 96 % E (maceration) shows  
a high positive correlation between carotenoid content (Car) and activity against C. 
parapsilosis (r = 1.000, р < 0.001) and B. subtilis (r = 0.884, р < 0.05). This may indicate 
a significant contribution of lipophilic pigments, which are often underestimated, to the 
overall antimicrobial activity.

The obtained results support the hypothesis that the highest antimicrobial activity of 
the extract obtained with 96 % E (maceration) is a consequence of a synergistic effect 
between high levels of phenolic compounds (TPC, TFC) and high levels of lipophilic pig­
ments (Chl, Car), which can affect different cellular targets (membrane, intracellular struc­
tures). Two-way ANOVA (Figs 1 and 2) further confirmed the importance of the choice of 
extract/method. In the case of the maceration method, the proportion of the effect of the 
extract itself (type of solvent) on the inhibition zones was dominant (87.18 %, р < 0.001) 
(Fig. 1). This emphasizes that it was the phytochemical composition formed by the sol­
vent, and not the type of crop or other factors, that was decisive for maceration. 

Overall, the results clearly indicate that 96 % ethanol, when applied by the macera­
tion method, is the most effective green extractant for BAS in A. brevipedunculata with  
a broad spectrum of antimicrobial activity. At the same time, the aqueous extract (reflux) 
is a valuable source of specific compounds active against B. subtilis.

When determining the role of various BAS as antimicrobial agents, their high anti­
oxidant activity is often emphasized, which is decisive in this effect. However, it is the 
reactive oxygen species, among which singlet oxygen is the cytotoxic agent, that can 
destroy bacteria (Huang et al., 2012).
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CONCLUSIONS
This study showed that the leaves of A. brevipedunculata are rich in phenolic com­

pounds and pigments and have antimicrobial activity against E. coli, B. subtilis, C. para
psilosis. The results obtained by us using the above methods can be used as a basis for 
the creation of extemporaneous preparations, as well as various galenic preparations. 
Additional studies can further clarify the efficacy of AB extracts (e.g., as a mouthwash, for 
prevention of skin diseases or prevention of food contamination, etc.). The potential anti­
microbial activity of the studied AB leaf extracts, as well as the BAS isolated from these 
extracts, convincingly confirms the prospects of their further research for widespread use. 
The ability to obtain a sufficient amount of plant raw materials when growing AB in culture 
is one of the positive factors for its prospective use. However, a more complete phyto­
chemical and pharmacological characterization of this plant is required before application. 
Other in vitro studies, including the assessment of cytotoxicity and mutagenicity and their 
effects on biofilm models, are also needed for the next stage of research.

COMPLIANCE WITH ETHICAL STANDARDS
Conflict of Interest: the authors declare that the research was conducted in 

the absence of any commercial or financial relationships that could be construed as  
a potential conflict of interest. 

Animal Rights: this article does not contain any studies with animal subjects 
performed by the any of the authors.

AUTHORS CONTRIBUTIONS
Conceptualization, [V.N.; Y.H.]; methodology, [V.N.; Y.H.]; validation, [V.N.; Y.H.]; 

formal analysis, [Y.H.]; investigation, [Y.H.; V.N.]; resources [V.N.; Y.H.]; data curation 
[V.N.; Y.H.]; writing original draft preparation [Y.H.; V.N.]; writing [V.N.]; visualization 
[Y.H.]; supervision [V.N.; Y.H.]; project administration [V.N.; Y.H.]. 

All authors have read and agreed to the published version of the manuscript.

REFERENCES
Abreu, A. C., Serra, S. C., Borges, A., Saavedra, M. J., Mcbain, A. J., Salgado, A. J., & 

Simões,  M. (2015). Combinatorial activity of flavonoids with antibiotics against drug-
resistant Staphylococcus aureus. Microbial Drug Resistance, 21(6), 600–609. doi:10.1089/
mdr.2014.0252
Crossref ● PubMed ● Google Scholar

Ahmad Nejhad, A., Alizadeh Behbahani, B., Hojjati, M., Vasiee, A., & Mehrnia, M. A. (2023). 
Identification of phytochemical, antioxidant, anticancer and antimicrobial potential of 
Calotropis procera leaf aqueous extract. Scientific Reports, 13(1), 14716. doi:10.1038/
s41598-023-42086-1
Crossref ● PubMed ● PMC ● Google Scholar

Ahmadi, A., Shahidi, S.-A., Safari, R., Motamedzadegan, A., & Ghorbani-HasanSaraei, A. 
(2022). Evaluation of stability and antibacterial properties of extracted chlorophyll from 
alfalfa (Medicago sativa L.). Food and Chemical Toxicology, 163, 112980. doi:10.1016/j.
fct.2022.112980
Crossref ● PubMed ● Google Scholar

https://doi.org/10.1089/mdr.2014.0252
https://doi.org/10.1089/mdr.2014.0252
https://doi.org/10.1089/mdr.2014.0252
https://pubmed.ncbi.nlm.nih.gov/25734256/
https://scholar.google.com/scholar_lookup?&title=Combinatorial+activity+of+flavonoids+with+antibiotics+against+drug-resistant+Staphylococcus+aureus&hl=uk&authuser=4
https://doi.org/10.1038/s41598-023-42086-1
https://doi.org/10.1038/s41598-023-42086-1
https://doi.org/10.1038/s41598-023-42086-1
https://pubmed.ncbi.nlm.nih.gov/37679486/
https://pmc.ncbi.nlm.nih.gov/articles/PMC10485245/
https://scholar.google.com/scholar_lookup?&title=Identification+of+phytochemical%2C+antioxidant%2C+anticancer+and+antimicrobial+potential+of+Calotropis+procera+leaf+aqueous+extract&btnG=
https://doi.org/10.1016/j.fct.2022.112980
https://doi.org/10.1016/j.fct.2022.112980
https://doi.org/10.1016/j.fct.2022.112980
https://pubmed.ncbi.nlm.nih.gov/35378206/
https://scholar.google.com/scholar_lookup?&title=Evaluation+of+stability+and+antibacterial+properties+of+extracted+chlorophyll+from+alfalfa+%28Medicago+sativa+L.%29.&btnG=


96 Halyna Yavorska, Nataliya Vorobets

ISSN 1996-4536 (print) • ISSN 2311-0783 (on-line) • Біологічні Студії / Studia Biologica • 2026 • Том 20 / № 1 • С. 83–102

Álvarez-Martínez, F. J., Barrajón-Catalán, E., Encinar, J. A., Rodríguez-Díaz, J. C., & Micol, V. 
(2020). Antimicrobial capacity of plant polyphenols against Gram-positive bacteria:  
a comprehensive review. Current Medicinal Chemistry, 27(15), 2576–2606. doi:10.2174/092
9867325666181008115650 
Crossref ● PubMed ● Google Scholar

Álvarez-Martínez, F. J., Barrajón-Catalán, E., Herranz-López, M., & Micol, V. (2021). Antibacterial 
plant compounds, extracts and essential oils: an updated review on their effects and putative 
mechanisms of action. Phytomedicine, 90, 153626. doi:10.1016/j.phymed.2021.153626
Crossref ● PubMed ● Google Scholar

Ambati, R. R., Phang, S.-M., Ravi, S., & Aswathanarayana, R. G. (2014). Astaxanthin: sources, 
extraction, stability, biological activities and its commercial applications – a review. Marine 
Drugs, 12(1), 128–152. doi:10.3390/md12010128
Crossref ● PubMed ● PMC ● Google Scholar

Bak, S. G., Lim, H. J., Won, Y., Park, E. J., Kim, Y. H., Lee, S. W., Oh, J. H., Kim, J. E., Lee, M. J., 
Lee, S., Lee, S. J., & Rho, M. C. (2023). Effect of Ampelopsis brevipedunculata (Maxim.) 
Trautv extract on a model of atopic dermatitis in HaCaT cells and mice. Food Science & 
Nutrition, 11(10), 6616–6625. doi:10.1002/fsn3.3610
Crossref ● PubMed ● PMC ● Google Scholar

Balouiri, M., Sadiki, M., & Ibnsouda, S. K. (2016). Methods for in vitro evaluating antimicrobial activity: 
a review. Journal of Pharmaceutical Analysis, 6(2), 71–79. doi:10.1016/j.jpha.2015.11.005
Crossref ● PubMed ● PMC ● Google Scholar

Bhagavathy, S., Sumathi, P., & Jancy Sherene Bell, I. (2011). Green algae Chlorococcum 
humicola – a new source of bioactive compounds with antimicrobial activity. Asian Pacific 
Journal of Tropical Biomedicine, 1(1), S1–S7. doi:10.1016/s2221-1691(11)60111-1
Crossref ● Google Scholar

Biharee, A., Sharma, A., Kumar, A., & Jaitak, V. (2020). Antimicrobial flavonoids as a potential 
substitute for overcoming antimicrobial resistance. Fitoterapia, 146, 104720. doi:10.1016/j.
fitote.2020.104720
Crossref ● PubMed ● Google Scholar

Bohn, T. (2017). Bioactivity of carotenoids – chasms of knowledge. International Journal of 
Vitamin and Nutrition Research, 87(1-2), 5–9. doi:10.1024/0300-9831/a000400
Crossref ● PubMed ● Google Scholar

Borges, A., Abreu, A., Malheiro, J., Saavedra, M., & Simões, M. (2013). Biofilm prevention and 
control by dietary phytochemicals. In: A. Méndez-Vilas (Ed.), Microbial pathogens and 
strategies for combating them: science, technology and education (Vol. 1, pp. 32–41). 
Badajoz, Spain: Formatex Research Center. Retrieved from https://repositorio.utad.pt/server/
api/core/bitstreams/fd3fedf5-26af-4f5b-8912-9d0ece3514c0/content 
Google Scholar

Cappelli, G. & Mariani, F. (2021). A systematic review on the antimicrobial properties of 
Mediterranean wild edible plants: we still know too little about them, but what we do know 
makes persistent investigation worthwhile. Foods, 10(9), 2217. doi:10.3390/foods10092217
Crossref ● PubMed ● PMC ● Google Scholar

Chew, K. K., Ng, S. Y., Thoo, Y. Y., Khoo, M. Z., Wan Aida, W. M., & Ho, C. W. (2011). Effect 
of ethanol concentration, extraction time and extraction temperature on the recovery of 
phenolic compounds and antioxidant capacity of Centella asiatica extracts. International 
Food Research Journal, 18(2), 571–578.
Google Scholar

Choi, Y.-A., Yu, J.-H., Jung, H. D., Lee, S., Park, P.-H., Lee, H.-S., Kwon, T. K., Shin, T.-Y., 
Lee, S. W., Rho, M.-C., Jang, Y. H., & Kim, S.-H. (2019). Inhibitory effect of ethanol extract of 
Ampelopsis brevipedunculata rhizomes on atopic dermatitis-like skin inflammation. Journal 
of Ethnopharmacology, 238, 111850. doi:10.1016/j.jep.2019.111850
Crossref ● PubMed ● Google Scholar

https://doi.org/10.2174/0929867325666181008115650
https://doi.org/10.2174/0929867325666181008115650
https://doi.org/10.2174/0929867325666181008115650
https://pubmed.ncbi.nlm.nih.gov/30295182/
https://scholar.google.com/scholar_lookup?&title=Antimicrobial+capacity+of+plant+polyphenols+against+Gram-positive+bacteria%3A++a+comprehensive+review&btnG=
https://doi.org/10.1016/j.phymed.2021.153626
https://doi.org/10.1016/j.phymed.2021.153626
https://pubmed.ncbi.nlm.nih.gov/34301463/
https://scholar.google.com/scholar_lookup?&title=Antibacterial+plant+compounds%2C+extracts+and+essential+oils%3A+an+updated+review+on+their+effects+and+putative+mechanisms+of+action&btnG=
https://doi.org/10.3390/md12010128
https://doi.org/10.3390/md12010128
https://pubmed.ncbi.nlm.nih.gov/24402174/
https://pmc.ncbi.nlm.nih.gov/articles/PMC3917265/
https://scholar.google.com/scholar_lookup?&title=Astaxanthin%3A+sources%2C+extraction%2C+stability%2C+biological+activities+and+its+commercial+applications+%E2%80%93+a+review&btnG=
https://doi.org/10.1002/fsn3.3610
https://doi.org/10.1002/fsn3.3610
https://pubmed.ncbi.nlm.nih.gov/37823139/
https://pmc.ncbi.nlm.nih.gov/articles/PMC10563673/
https://scholar.google.com/scholar_lookup?&title=Effect+of+Ampelopsis+brevipedunculata+%28Maxim.%29+Trautv+extract+on+a+model+of+atopic+dermatitis+in+HaCaT+cells+and+mice&btnG=
https://doi.org/10.1016/j.jpha.2015.11.005
https://doi.org/10.1016/j.jpha.2015.11.005
https://pubmed.ncbi.nlm.nih.gov/29403965/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5762448/
https://scholar.google.com/scholar_lookup?&title=Methods+for+in+vitro+evaluating+antimicrobial+activity%3A+a+review&btnG=
https://doi.org/10.1016/S2221-1691(11)60111-1
https://doi.org/10.1016/S2221-1691(11)60111-1
https://scholar.google.com/scholar_lookup?&title=Green+algae+Chlorococcum+humicola%C2%A0%E2%80%93+a+new+source+of+bioactive+compounds+with+antimicrobial+activity&btnG=
https://doi.org/10.1016/j.fitote.2020.104720
https://doi.org/10.1016/j.fitote.2020.104720
https://doi.org/10.1016/j.fitote.2020.104720
https://pubmed.ncbi.nlm.nih.gov/32910994/
https://scholar.google.com/scholar_lookup?&title=Antimicrobial+flavonoids+as+a+potential+substitute+for+overcoming+antimicrobial+resistance&btnG=
https://www.google.com/search?q=https://doi.org/10.1024/0300-9831/a000400
https://doi.org/10.1024/0300-9831/a000400
https://pubmed.ncbi.nlm.nih.gov/28186459/
https://scholar.google.com/scholar_lookup?&title=Bioactivity+of+carotenoids+%E2%80%93+chasms+of+knowledge&btnG=
https://repositorio.utad.pt/server/api/core/bitstreams/fd3fedf5-26af-4f5b-8912-9d0ece3514c0/content
https://repositorio.utad.pt/server/api/core/bitstreams/fd3fedf5-26af-4f5b-8912-9d0ece3514c0/content
https://scholar.google.com/scholar_lookup?&title=Biofilm+prevention+and+control+by+dietary+phytochemicals&btnG=
https://doi.org/10.3390/foods10092217
https://doi.org/10.3390/foods10092217
https://pubmed.ncbi.nlm.nih.gov/34574327/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8471169/
https://scholar.google.com/scholar_lookup?&title=A+systematic+review+on+the+antimicrobial+properties+of+mediterranean+wild+edible+plants%3A+we+still+know+too+little+about+them%2C+but+what+we+do+know+makes+persistent+investigation+worthwhile&btnG=
https://scholar.google.com/scholar_lookup?&title=Effect+of+ethanol+concentration%2C+extraction+time+and+extraction+temperature+on+the+recovery+of+phenolic+compounds+and+antioxidant+capacity+of+Centella+asiatica+extracts&btnG=
https://doi.org/10.1016/j.jep.2019.111850
https://doi.org/10.1016/j.jep.2019.111850
https://pubmed.ncbi.nlm.nih.gov/30953820/
https://scholar.google.com/scholar_lookup?&title=Inhibitory+effect+of+ethanol+extract+of+Ampelopsis+brevipedunculata+rhizomes+on+atopic+dermatitis-like+skin+inflammation&hl=uk&authuser=4


97PHYTOCHEMICAL AND ANTIMICROBIAL STUDIES OF AN INTRODUCED AMPELOPSIS BREVIPEDUNCULATA (MAXIM.) TRAUTV.

ISSN 1996-4536 (print) • ISSN 2311-0783 (on-line) • Біологічні Студії / Studia Biologica • 2026 • Том 20 / № 1 • С. 83–102

Cushnie, T. P., & Lamb, A. J. (2005). Antimicrobial activity of flavonoids. International Journal of 
Antimicrobial Agents, 26(5), 343–356. doi:10.1016/j.ijantimicag.2005.09.002
Crossref ● PubMed ● PMC ● Google Scholar

dos Santos, R., Pimenta-Freire, G., & Dias-Souza, M. V. (2015). Carotenoids and flavonoids can 
impair the effectiveness of some antimicrobial drugs against clinical isolates of Escherichia 
coli and Staphylococcus aureus. International Food Research Journal, 22(5), 1777–1782. 
Google Scholar

Dziedziński, M., Kobus-Cisowska, J., Szymanowska-Powałowska, D., Stuper-Szablewska, K., & 
Baranowska, M. (2020). Polyphenols composition, antioxidant and antimicrobial properties of 
Pinus sylvestris L. shoots extracts depending on different drying methods. Emirates Journal 
of Food and Agriculture, 32(3), 229–237. doi:10.9755/ejfa.2020.v32.i3.2080
Crossref ● Google Scholar

Djuric, Z., Bassis, C. M., Plegue, M. A., Ren, J., Chan, R., Sidahmed, E., Turgeon, D. K., 
Ruffin, M. T., Kato, I., & Sen, A. (2018). Colonic mucosal bacteria are associated with inter-
individual variability in serum carotenoid concentrations. Journal of the Academy of Nutrition 
and Dietetics, 118(4), 606–616.e3. doi:10.1016/j.jand.2017.09.013
Crossref ● PubMed ● PMC ● Google Scholar

Ebrahimi, P., & Lante, A. (2021). Polyphenols: a comprehensive review of their nutritional properties. 
Open Biotechnology Journal, 15(1), 164–172. doi:10.2174/1874070702115010164
Crossref ● Google Scholar

Ebrahimi, P., Shokramraji, Z., Tavakkoli, S., Mihaylova, D., & Lante, A. (2023). Chlorophylls as 
natural bioactive compounds existing in food by-products: a critical review. Plants, 12(7), 
1533. doi:10.3390/plants12071533
Crossref ● PubMed ● PMC ● Google Scholar

Efenberger-Szmechtyk, M., Nowak, A., & Czyzowska, A. (2021). Plant extracts rich in polyphenols: 
antibacterial agents and natural preservatives for meat and meat products. Critical Reviews 
in Food Science and Nutrition, 61(1), 149–178. doi:10.1080/10408398.2020.1722060
Crossref ● PubMed ● Google Scholar

Elbatanony, M. M., El-Feky, A. M., Hemdan, B. A., & Azab El-Liethy, M. (2019). Assessment of the 
antimicrobial activity of the lipoidal and pigment extracts of Punica granatum L. leaves. Acta 
Ecologica Sinica, 39(1), 89–94. doi:10.1016/j.chnaes.2018.05.003
Crossref ● Google Scholar

Eloff, J. N. (1998). Which extractant should be used for the screening and isolation of antimicrobial 
components from plants? Journal of Ethnopharmacology, 60(1), 1–8. doi:10.1016/s0378-
8741(97)00123-2
Crossref ● PubMed ● Google Scholar

European Medicines Agency. (n.d.). Herbal medicinal products: scientific guidelines. Retrieved from 
https://www.ema.europa.eu/en/human-regulatory-overview/research-development/scientific-
guidelines/multidisciplinary-guidelines/herbal-medicinal-products-scientific-guidelines

Górniak, I., Bartoszewski, R., & Króliczewski, J. (2019). Comprehensive review of antimicrobial 
activities of plant flavonoids. Phytochemistry Reviews, 18(1), 241–272. doi:10.1007/s11101-
018-9591-z
Crossref ● Google Scholar

Guan, S., Zhong, L., Yu, H., Wang, L., Jin, Y., Liu, J., Xiang, H., Yu, H., Wang, L., & Wang, D. 
(2022). Molecular docking and proteomics reveals the synergistic antibacterial mechanism 
of theaflavin with β-lactam antibiotics against MRSA. Frontiers in Microbiology, 13, 993430. 
doi:10.3389/fmicb.2022.993430
Crossref ● PubMed ● PMC ● Google Scholar

Gudz, S. P., Нnatush, S. O., Yavorska, G. V., Bilinska, I. S., & Borsukevych, B. M. (2014). 
Praktykum z mikrobiologii [Workshop on microbiology] (pp. 262–265). Lviv: Ivan Franko 
National University of Lviv. (In Ukrainian)
Google Scholar

https://doi.org/10.1016/j.ijantimicag.2005.09.002
https://doi.org/10.1016/j.ijantimicag.2005.09.002
https://pubmed.ncbi.nlm.nih.gov/16323269/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7127073/
https://scholar.google.com/scholar_lookup?&title=Antimicrobial+activity+of+flavonoids&btnG=
https://scholar.google.com/scholar_lookup?&title=Carotenoids+and+flavonoids+can+impair+the+effectiveness+of+some+antimicrobial+drugs+against+clinical+isolates+of+Escherichia+coli+and+Staphylococcus+aureus&btnG=
https://www.google.com/search?q=https://doi.org/10.9755/ejfa.2020.v32.i3.2080
https://doi.org/10.9755/ejfa.2020.v32.i3.2080
https://scholar.google.com/scholar_lookup?&title=Polyphenols+composition%2C+antioxidant+and+antimicrobial+properties+of+Pinus+sylvestris+L.+shoots+extracts+depending+on+different+drying+methods&btnG=
https://doi.org/10.1016/j.jand.2017.09.013
https://doi.org/10.1016/j.jand.2017.09.013
https://pubmed.ncbi.nlm.nih.gov/29274690/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5869089/
https://scholar.google.com/scholar_lookup?&title=Colonic+mucosal+bacteria+are+associated+with+inter-individual+variability+in+serum+carotenoid+concentrations&btnG=
https://doi.org/10.2174/1874070702115010164
https://doi.org/10.2174/1874070702115010164
https://scholar.google.com/scholar_lookup?&title=Polyphenols%3A+a+comprehensive+review+of+their+nutritional+properties&btnG=
https://doi.org/10.3390/plants12071533
https://doi.org/10.3390/plants12071533
https://pubmed.ncbi.nlm.nih.gov/37050159/
https://pmc.ncbi.nlm.nih.gov/articles/PMC10096697/
https://scholar.google.com/scholar_lookup?&title=Chlorophylls+as+natural+bioactive+compounds+existing+in+food+by-products%3A+a+critical+review&btnG=
https://doi.org/10.1080/10408398.2020.1722060
https://doi.org/10.1080/10408398.2020.1722060
https://pubmed.ncbi.nlm.nih.gov/32043360/
https://scholar.google.com/scholar_lookup?&title=Plant+extracts+rich+in+polyphenols%3A+antibacterial+agents+and+natural+preservatives+for+meat+and+meat+products&btnG=
https://doi.org/10.1016/j.chnaes.2018.05.003
https://doi.org/10.1016/j.chnaes.2018.05.003
https://scholar.google.com/scholar_lookup?&title=Assessment+of+the+antimicrobial+activity+of+the+lipoidal+and+pigment+extracts+of+Punica+granatum+L.+leaves&btnG=
https://doi.org/10.1016/S0378-8741(97)00123-2
https://doi.org/10.1016/S0378-8741(97)00123-2
https://doi.org/10.1016/S0378-8741(97)00123-2
https://pubmed.ncbi.nlm.nih.gov/9533426/
https://scholar.google.com/scholar_lookup?&title=Which+extractant+should+be+used+for+the+screening+and+isolation+of+antimicrobial+components+from+plants%3F&btnG=
https://www.ema.europa.eu/en/human-regulatory-overview/research-development/scientific-guidelines/multidisciplinary-guidelines/herbal-medicinal-products-scientific-guidelines
https://www.ema.europa.eu/en/human-regulatory-overview/research-development/scientific-guidelines/multidisciplinary-guidelines/herbal-medicinal-products-scientific-guidelines
https://doi.org/10.1007/s11101-018-9591-z
https://doi.org/10.1007/s11101-018-9591-z
https://doi.org/10.1007/s11101-018-9591-z
https://scholar.google.com/scholar_lookup?&title=Comprehensive+review+of+antimicrobial+activities+of+plant+flavonoids&btnG=
https://doi.org/10.3389/fmicb.2022.993430
https://doi.org/10.3389/fmicb.2022.993430
https://pubmed.ncbi.nlm.nih.gov/36452924/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9702817/
https://scholar.google.com/scholar_lookup?&title=Molecular+docking+and+proteomics+reveals+the+synergistic+antibacterial+mechanism+of+theaflavin+with+%CE%B2-lactam+antibiotics+against+MRSA&btnG=
https://scholar.google.com/scholar?cluster=11626626259594551344&hl=uk&as_sdt=2005&sciodt=0,5


98 Halyna Yavorska, Nataliya Vorobets

ISSN 1996-4536 (print) • ISSN 2311-0783 (on-line) • Біологічні Студії / Studia Biologica • 2026 • Том 20 / № 1 • С. 83–102

Hadzhieva, B., Dimitrov, M. V., & Petkova, V. (2023). Pharmaceutical regulation of herbal medicinal 
products in the countries of the European Union, the USA, Canada and Japan. Acta Medica 
Bulgarica, 50(3), 71–74. doi:10.2478/amb-2023-0034
Crossref ● Google Scholar

Heleno, S. A., Martins, A., Queiroz, M. J. R. P., & Ferreira, I. C. F. R. (2015). Bioactivity of phenolic 
acids: metabolites versus parent compounds: a review. Food Chemistry, 173, 501–513. 
doi:10.1016/j.foodchem.2014.10.057
Crossref ● PubMed ● Google Scholar

Huang, L., Xuan, Y., Koide, Y., Zhiyentayev, T., Tanaka, M., & Hamblin, M. R. (2012). Type  I 
and Type II mechanisms of antimicrobial photodynamic therapy: an in vitro study on Gram-
negative and Gram-positive bacteria. Lasers in Surgery and Medicine, 44(6), 490–499. 
doi:10.1002/lsm.22045
Crossref ● PubMed ● PMC ● Google Scholar

Ilieva, Y., Zaharieva, M. M., Kroumov, A. D., & Najdenski, H. (2024). Antimicrobial and ecological 
potential of Chlorellaceae and Scenedesmaceae with a focus on wastewater treatment and 
industry. Fermentation, 10(7), 341. doi:10.3390/fermentation10070341
Crossref ● Google Scholar

Jang, H.-J., Lee, S.-J., Lim, H.-J., Jung, K., Lee, S., Park, C. S., Lee, S. W., & Rho, M.-C.
(2018). Inhibitory effects of compounds and extracts from Ampelopsis brevipedunculata 
on IL-6-induced STAT3 activation. BioMed Research International, 2018, 3684845. 
doi:10.1155/2018/3684845
Crossref ● PubMed ● PMC ● Google Scholar

Karpiński, T. M., Ożarowski, M., Alam, R., Łochyńska, M., & Stasiewicz, M. (2022). What do we 
know about antimicrobial activity of astaxanthin and fucoxanthin? Marine Drugs, 20(1), 36. 
doi:10.3390/md20010036
Crossref ● PubMed ● PMC ● Google Scholar

Kim, J.-Y., Park, S.-H., Oh, H., Kwak, S., Baek, J., Lee, M., Rho, M., & Oh, J. (2014). Ampelopsis 
brevipedunculata extract prevents bone loss by inhibiting osteoclastogenesis in  vitro and 
in vivo. Molecules, 19(11), 18465–18478. doi:10.3390/molecules191118465
Crossref ● PubMed ● PMC ● Google Scholar

Koyro, O. O., Stepanova, S. I., & Shtrygol’, S. Y. (2009). Hydroxycinnamic acids assay in the 
ground elder plant drugs. Ukrainian Journal of Clinical and Laboratory Medicine, 4(2), 52–55. 
(In Ukrainian)
Google Scholar

Kyriakidis, I., Tragiannidis, A., Munchen, S., & Groll, A. H. (2016). Clinical hepatotoxicity associated 
with antifungal agents. Expert Opinion on Drug Safety, 16(2), 149–165. doi:10.1080/147403
38.2017.1270264
Crossref ● PubMed ● Google Scholar

Kundaković, T., Stanojković, T., Grubin, J., Juranić, Z., Stevanović, B., & Kovačević, N. (2008a). 
Antioxidant and cytotoxic activity of Ampelopsis brevipedunculata and Parthenocissus 
tricuspidata. Planta Medica, 74(09), PA62. doi:10.1055/s-0028-1084060
Crossref ● Google Scholar

Kundaković, T., Stanojković, T., Milenković, M., Grubin, J., Juranić, Z., Stevanović, B., & 
Kovačević,  N. (2008b). Cytotoxic, antioxidant, and antimicrobial activities of Ampelopsis 
brevipedunculata and Parthenocissus tricuspidata (Vitaceae). Archives of Biological 
Sciences, 60(4), 641–647. doi:10.2298/abs0804641k
Crossref ● Google Scholar

Kyriakidis, I., Tragiannidis, A., Munchen, S., & Groll, A. H. (2016). Clinical hepatotoxicity associated 
with antifungal agents. Expert Opinion on Drug Safety, 16(2), 149–165. doi:10.1080/147403
38.2017.1270264
Crossref ● PubMed ● Google Scholar

https://www.google.com/search?q=https://doi.org/10.2478/amb-2023-0034
https://doi.org/10.2478/amb-2023-0034
https://scholar.google.com/scholar_lookup?&title=Pharmaceutical+regulation+of+herbal+medicinal+products+in+the+countries+of+the+European+Union%2C+the+USA%2C+Canada+and+Japan&btnG=
https://doi.org/10.1016/j.foodchem.2014.10.057
https://doi.org/10.1016/j.foodchem.2014.10.057
https://pubmed.ncbi.nlm.nih.gov/25466052/
https://scholar.google.com/scholar_lookup?&title=Bioactivity+of+phenolic+acids%3A+metabolites+versus+parent+compounds%3A+a+review&btnG=
https://doi.org/10.1002/lsm.22045
https://doi.org/10.1002/lsm.22045
https://pubmed.ncbi.nlm.nih.gov/22760848/
https://pmc.ncbi.nlm.nih.gov/articles/PMC3428129/
https://scholar.google.com/scholar_lookup?&title=Type%C2%A0I+and+Type+II+mechanisms+of+antimicrobial+photodynamic+therapy%3A+an+in+vitro+study+on+Gram-negative+and+Gram-positive+bacteria&btnG=
https://doi.org/10.3390/fermentation10070341
https://doi.org/10.3390/fermentation10070341
https://scholar.google.com/scholar_lookup?&title=Antimicrobial+and+ecological+potential+of+Chlorellaceae+and+Scenedesmaceae+with+a+focus+on+wastewater+treatment+and+industry&btnG=
https://www.google.com/search?q=https://doi.org/10.1155/2018/3684845
https://doi.org/10.1155/2018/3684845
https://pubmed.ncbi.nlm.nih.gov/29984230/
https://pmc.ncbi.nlm.nih.gov/articles/PMC6015723/
https://scholar.google.com/scholar_lookup?&title=Inhibitory+effects+of+compounds+and+extracts+from+Ampelopsis+brevipedunculata+on+IL-6-induced+STAT3+activation&btnG=
https://doi.org/10.3390/md20010036
https://doi.org/10.3390/md20010036
https://pubmed.ncbi.nlm.nih.gov/35049891/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8778043/
https://scholar.google.com/scholar_lookup?&title=What+do+we+know+about+antimicrobial+activity+of+astaxanthin+and+fucoxanthin%3F&btnG=
https://www.google.com/search?q=https://doi.org/10.3390/molecules191118465
https://doi.org/10.3390/molecules191118465
https://pubmed.ncbi.nlm.nih.gov/25397737/
https://pmc.ncbi.nlm.nih.gov/articles/PMC6270923/
https://scholar.google.com/scholar_lookup?&title=Ampelopsis+brevipedunculata+extract+prevents+bone+loss+by+inhibiting+osteoclastogenesis+in%C2%A0vitro+and+in%C2%A0vivo&btnG=
https://scholar.google.com/scholar_lookup?&title=Quantitative+determination+of+the+amount+of+hydroxycinnamic+acids+in+raw+materials+of+common+yarrow&btnG=
https://doi.org/10.1080/14740338.2017.1270264
https://doi.org/10.1080/14740338.2017.1270264
https://doi.org/10.1080/14740338.2017.1270264
https://pubmed.ncbi.nlm.nih.gov/27927037/
https://scholar.google.com/scholar_lookup?&title=Clinical+hepatotoxicity+associated+with+antifungal+agents&btnG=
https://doi.org/10.1055/s-0028-1084060
https://scholar.google.com/scholar_lookup?&title=Antioxidant+and+cytotoxic+activity+of+Ampelopsis+brevipedunculata+and+Parthenocissus+tricuspidata&btnG=
https://www.google.com/search?q=https://doi.org/10.2298/ABS0804641K
https://doi.org/10.2298/ABS0804641K
https://scholar.google.com/scholar_lookup?&title=Cytotoxic%2C+antioxidant%2C+and+antimicrobial+activities+of+Ampelopsis+brevipedunculata+and+Parthenocissus+tricuspidata+%28Vitaceae%29&btnG=
https://doi.org/10.1080/14740338.2017.1270264
https://doi.org/10.1080/14740338.2017.1270264
https://doi.org/10.1080/14740338.2017.1270264
https://pubmed.ncbi.nlm.nih.gov/27927037/
https://scholar.google.com/scholar_lookup?&title=Clinical+hepatotoxicity+associated+with+antifungal+agents&btnG=


99PHYTOCHEMICAL AND ANTIMICROBIAL STUDIES OF AN INTRODUCED AMPELOPSIS BREVIPEDUNCULATA (MAXIM.) TRAUTV.

ISSN 1996-4536 (print) • ISSN 2311-0783 (on-line) • Біологічні Студії / Studia Biologica • 2026 • Том 20 / № 1 • С. 83–102

Lee, J.-E., Jayakody, J., Kim, J.-I., Jeong, J.-W., Choi, K.-M., Kim, T.-S., Seo, C., Azimi, I., Hyun, J., 
& Ryu, B. (2024). The influence of solvent choice on the extraction of bioactive compounds 
from asteraceae: a comparative review. Foods, 13(19), 3151. doi:10.3390/foods13193151
Crossref ● PubMed ● PMC ● Google Scholar

Liu, Y., Zhu, J., Liu, Z., Zhi, Y., Mei, C., & Wang, H. (2025). Flavonoids as promising natural 
compounds for combating bacterial infections. International Journal of Molecular Sciences, 
26(6), 2455. doi:10.3390/ijms26062455
Crossref ● PubMed ● PMC ● Google Scholar

Lobiuc, A., Pavăl, N.-E., Mangalagiu, I. I., Gheorghiță, R., Teliban, G.-C., Amăriucăi-Mantu, D., 
& Stoleru, V. (2023). Future antimicrobials: natural and functionalized phenolics. Molecules, 
28(3), 1114. doi:10.3390/molecules28031114 
Crossref ● PubMed ● PMC ● Google Scholar

Martillanes, S., Rocha-Pimienta, J., Cabrera-Bañegil, M., Martín-Vertedor, D., & Delgado-
Adámez, J. (2017). Application of phenolic compounds for food preservation: food additive 
and active packaging. In: M. Soto-Hernandez, M. Palma-Tenango, & M. del R. Garcia-Mateos 
(Eds.), Phenolic compounds – biological activity. InTechOpen. doi:10.5772/66885
Crossref ● Google Scholar

Martins, N., Barros, L., Henriques, M., Silva, S., & Ferreira, I. C. F. R. (2015). Activity of phenolic 
compounds from plant origin against Candida species. Industrial Crops and Products, 74, 
648–670. doi:10.1016/j.indcrop.2015.05.067
Crossref ● Google Scholar

Mavrommatis, A., Giamouri, E., Myrtsi, E. D., Evergetis, E., Filippi, K., Papapostolou, H., 
Koulocheri, S. D., Zoidis, E., Pappas, A. C., Koutinas, A., Haroutounian, S. A., & Tsiplakou, E. 
(2021). Antioxidant status of broiler chickens fed diets supplemented with vinification  
by-products: a valorization approach. Antioxidants, 10(8), 1250. doi:10.3390/antiox10081250
Crossref ● PubMed ● PMC ● Google Scholar

Middelhoven, W. J., Coenen, A., Kraakman, B., & Sollewijn Gelpke, M. D. (1992). Degradation 
of some phenols and hydroxybenzoates by the imperfect ascomycetous yeasts Candida 
parapsilosis and Arxula adeninivorans: evidence for an operative gentisate pathway. Antonie 
Van Leeuwenhoek, 62(3), 181–187. doi:10.1007/bf00582578
Crossref ● PubMed ● Google Scholar

Middelhoven, W. J. (1993). Catabolism of benzene compounds by ascomycetous and 
basidiomycetous yeasts and yeastlike fungi. Antonie van Leeuwenhoek, 63(2), 125–144. 
doi:10.1007/bf00872388
Crossref ● PubMed ● Google Scholar

Miljković, V. M., Momčilović, M. Z., Zvezdanović, J. B., Gajić, I. L. J., Mrmošanin, J. M., & Mihajlov-
Krstev, T. M. (2022). Carotenoid and flavonoid levels, antioxidant activity and antimicrobial 
properties of tomato grown in Serbia. Journal of Food and Nutrition Research, 61(4), 402–414.
Google Scholar

Molnár, P., Kawase, M., Satoh, K., Sohara, Y., Tanaka, T., Tani, S., Sakagami, H., Nakashima, H., 
Motohashi, N., Gyémánt, N., & Molnár, J. (2005). Biological activity of carotenoids in red 
paprika, Valencia orange and Golden delicious apple. Phytotherapy Research, 19(8), 700–707. 
doi:10.1002/ptr.1735
Crossref ● PubMed ● Google Scholar

Natividad, L. R., & Rafael, R. R. (2014). Carotenoid analyses and antibacterial assay of annato 
(Bixa orellana L.), carrot (Daucus carota L.), corn (Zea mays L.) and tomato (Solanum 
lycopersicum L.) extracts. Research Journal of Recent Sciences, 3(3), 40–45.
Google Scholar

Oteiza, P. I., Erlejman, A. G., Verstraeten, S. V., Keen, C. L., & Fraga, C. G. (2005). Flavonoid-
membrane interactions: a protective role of flavonoids at the membrane surface? Clinical and 
Developmental Immunology, 12(1), 19–25. doi:10.1080/10446670410001722168
Crossref ● PubMed ● PMC ● Google Scholar

https://doi.org/10.3390/foods13193151
https://doi.org/10.3390/foods13193151
https://pubmed.ncbi.nlm.nih.gov/39410186/
https://pmc.ncbi.nlm.nih.gov/articles/PMC11475975/
https://scholar.google.com/scholar_lookup?&title=The+influence+of+solvent+choice+on+the+extraction+of+bioactive+compounds+from+asteraceae%3A+a+comparative+review&btnG=
https://doi.org/10.3390/ijms26062455
https://doi.org/10.3390/ijms26062455
https://pubmed.ncbi.nlm.nih.gov/40141099/
https://pmc.ncbi.nlm.nih.gov/articles/PMC11942443/
https://scholar.google.com/scholar_lookup?&title=Flavonoids+as+promising+natural+compounds+for+combating+bacterial+infections&btnG=
https://doi.org/10.3390/molecules28031114
https://doi.org/10.3390/molecules28031114
https://pubmed.ncbi.nlm.nih.gov/36770780/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9920704/
https://scholar.google.com/scholar_lookup?&title=Future+antimicrobials%3A+natural+and+functionalized+phenolics&btnG=
https://doi.org/10.5772/66885
https://scholar.google.com/scholar_lookup?&title=Application+of+phenolic+compounds+for+food+preservation%3A+food+additive+and+active+packaging&btnG=
https://doi.org/10.1016/j.indcrop.2015.05.067
https://doi.org/10.1016/j.indcrop.2015.05.067
https://scholar.google.com/scholar_lookup?&title=Activity+of+phenolic+compounds+from+plant+origin+against+Candida+species&btnG=
https://doi.org/10.3390/antiox10081250
https://doi.org/10.3390/antiox10081250
https://pubmed.ncbi.nlm.nih.gov/34439498/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8389203/
https://scholar.google.com/scholar_lookup?&title=Antioxidant+status+of+broiler+chickens+fed+diets+supplemented+with+vinification++by-products%3A+a+valorization+approach&btnG=
https://www.google.com/search?q=https://doi.org/10.1007/BF00582578
https://doi.org/10.1007/BF00582578
https://pubmed.ncbi.nlm.nih.gov/1416914/
https://scholar.google.com/scholar_lookup?&title=Degradation+of+some+phenols+and+hydroxybenzoates+by+the+imperfect+ascomycetous+yeasts+Candida+parapsilosis+and+Arxula+adeninivorans%3A+evidence+for+an+operative+gentisate+pathway&btnG=
https://doi.org/10.1007/BF00872388
https://doi.org/10.1007/BF00872388
https://pubmed.ncbi.nlm.nih.gov/8259830/
https://scholar.google.com/scholar_lookup?&title=Catabolism+of+benzene+compounds+by+ascomycetous+and+basidiomycetous+yeasts+and+yeastlike+fungi&btnG=
https://scholar.google.com/scholar_lookup?&title=Carotenoid+and+flavonoid+levels%2C+antioxidant+activity+and+antimicrobial+properties+of+tomato+grown+in+Serbia&btnG=
https://www.google.com/search?q=https://doi.org/10.1002/ptr.1735
https://doi.org/10.1002/ptr.1735
https://pubmed.ncbi.nlm.nih.gov/16177974/
https://scholar.google.com/scholar_lookup?&title=Biological+activity+of+carotenoids+in+red+paprika%2C+Valencia+orange+and+Golden+delicious+apple&btnG=
https://scholar.google.com/scholar_lookup?&title=Carotenoid+analyses+and+antibacterial+assay+of+annato+%28Bixa+orellana+L.%29%2C+carrot+%28Daucus+carota+L.%29%2C+corn+%28Zea+mays+L.%29+and+tomato+%28Solanum+Lycopersicum+L.%29+extracts&btnG=
https://doi.org/10.1080/10446670410001722168
https://doi.org/10.1080/10446670410001722168
https://pubmed.ncbi.nlm.nih.gov/15712595/
https://pmc.ncbi.nlm.nih.gov/articles/PMC2270717/
https://scholar.google.com/scholar_lookup?&title=Flavonoid-membrane+interactions%3A+a+protective+role+of+flavonoids+at+the+membrane+surface%3F&btnG=


100 Halyna Yavorska, Nataliya Vorobets

ISSN 1996-4536 (print) • ISSN 2311-0783 (on-line) • Біологічні Студії / Studia Biologica • 2026 • Том 20 / № 1 • С. 83–102

Pothiraj, C., Balaji, P., Shanthi, R., Gobinath, M., Suresh Babu, R., Munirah, A. A.-D., Ashraf, A. H., 
Ramesh Kumar, K., Veeramanikandan, V., & Arumugam, R. (2021). Evaluating antimicrobial 
activities of Acanthus ilicifolius L. and Heliotropium curassavicum L. against bacterial 
pathogens: an in vitro study. Journal of Infection and Public Health, 14(12), 1927–1934. 
doi:10.1016/j.jiph.2021.10.013
Crossref ● PubMed ● Google Scholar

Rashed, K. N. Z., Said, A., Feitosa, C., & Cardoso Sucupira, A. C. (2015). Evaluation of anti-
Alzheimer activity of Ampelopsis brevipedunculata and the isolated compounds. Research 
Journal of Phytochemistry, 9(1), 16–24. doi:10.3923/rjphyto.2015.16.24
Crossref ● Google Scholar

Ruddock, P. S., Charland, M., Ramirez, S., López, A., Neil Towers, G. H., Arnason, J. T., Liao, M., 
& Dillon, J.-A. R. (2011). Antimicrobial activity of flavonoids from Piper lanceaefolium and other 
colombian medicinal plants against antibiotic susceptible and resistant strains of Neisseria 
gonorrhoeae. Sexually Transmitted Diseases, 38(2), 82–88. doi:10.1097/olq.0b013e3181f0bdbd 
Crossref ● PubMed ● Google Scholar

Shamsudin, N. F., Ahmed, Q. U., Mahmood, S., Ali Shah, S. A., Khatib, A., Mukhtar, S., 
Alsharif, M. A., Parveen, H., & Zakaria, Z. A. (2022). Antibacterial effects of flavonoids and 
their structure-activity relationship study: a comparative interpretation. Molecules, 27(4), 
1149. doi:10.3390/molecules27041149
Crossref ● PubMed ● PMC ● Google Scholar

Song, M., Liu, Y., Li, T., Liu, X., Hao, Z., Ding, S., Panichayupakaranant, P., Zhu, K., & Shen, J. 
(2021). Plant natural flavonoids against multidrug resistant pathogens. Advanced Science, 
8(23), 2100749. doi:10.1002/advs.202100749
Crossref ● PubMed ● PMC ● Google Scholar

Tao, N., Gao, Y., Liu, Y., & Ge, F. (2010). Carotenoids from the peel of Shatian pummelo (Citrus 
grandis Osbeck) and its antimicrobial activity. American-Eurasian Journal of Agricultural 
& Environmental Sciences, 7(1), 110–115. Retrieved from https://www.idosi.org/aejaes/
jaes7(1)/17.pdf 
Google Scholar

Taofiq, O., González-Paramás, A. M., Barreiro, M. F., & Ferreira, I. C. F. R. (2017). Hydroxycinnamic 
acids and their derivatives: cosmeceutical significance, challenges and future perspectives,  
a review. Molecules, 22(2), 281. doi:10.3390/molecules22020281
Crossref ● PubMed ● PMC ● Google Scholar

Teodoro, G. R., Ellepola, K., Seneviratne, C. J., & Koga-Ito, C. Y. (2015). Potential use of phenolic 
acids as anti-Candida agents: a review. Frontiers in Microbiology, 6, 1420. doi:10.3389/
fmicb.2015.01420
Crossref ● PubMed ● PMC ● Google Scholar

Tran, T. N., Tran, Q.-V., Huynh, H. T., Hoang, N.-S., Nguyen, H. C., & Ngo, D.-N. (2019). 
Astaxanthin production by newly isolated Rhodosporidium toruloides: optimization of medium 
compositions by response surface methodology. Notulae Botanicae Horti Agrobotanici Cluj-
Napoca, 47(2), 320–327. doi:10.15835/nbha47211361
Crossref ● Google Scholar

Vargas-Sinisterra, A. F., & Ramírez-Castrillón, M. (2021). Yeast carotenoids: production and 
activity as antimicrobial biomolecule. Archives of Microbiology, 203(3), 873–888. doi:10.1007/
s00203-020-02111-7
Crossref ● PubMed ● Google Scholar

Villaró, S., Ciardi, M., Morillas-España, A., Sánchez-Zurano, A., Acién-Fernández, G., & Lafarga, T. 
(2021). Microalgae derived astaxanthin: research and consumer trends and industrial use as 
food. Foods, 10(10), 2303. doi:10.3390/foods10102303
Crossref ● PubMed ● PMC ● Google Scholar

https://doi.org/10.1016/j.jiph.2021.10.013
https://doi.org/10.1016/j.jiph.2021.10.013
https://pubmed.ncbi.nlm.nih.gov/34756814/
https://scholar.google.com/scholar_lookup?&title=Evaluating+antimicrobial+activities+of+Acanthus+ilicifolius+L.+and+Heliotropium+curassavicum+L.+against+bacterial+pathogens%3A+an+in+vitro+study&btnG=
https://www.google.com/search?q=https://doi.org/10.3923/rjphyto.2015.16.24
https://doi.org/10.3923/rjphyto.2015.16.24
https://scholar.google.com/scholar_lookup?&title=Evaluation+of+anti-Alzheimer+activity+of+Ampelopsis+brevipedunculata+and+the+isolated+compounds&btnG=
https://www.google.com/search?q=https://doi.org/10.1097/OLQ.0b013e3181f0bdbd
https://doi.org/10.1097/OLQ.0b013e3181f0bdbd
https://pubmed.ncbi.nlm.nih.gov/20921932/
https://scholar.google.com/scholar_lookup?&title=Antimicrobial+activity+of+flavonoids+from+Piper+lanceaefolium+and+other+colombian+medicinal+plants+against+antibiotic+susceptible+and+resistant+strains+of+Neisseria+gonorrhoeae&btnG=
https://doi.org/10.3390/molecules27041149
https://doi.org/10.3390/molecules27041149
https://pubmed.ncbi.nlm.nih.gov/35208939/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8879123/
https://scholar.google.com/scholar_lookup?&title=Antibacterial+effects+of+flavonoids+and+their+structure-activity+relationship+study%3A+a+comparative+interpretation&btnG=
https://doi.org/10.1002/advs.202100749
https://doi.org/10.1002/advs.202100749
https://pubmed.ncbi.nlm.nih.gov/34041861/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8336499/
https://scholar.google.com/scholar_lookup?&title=Plant+natural+flavonoids+against+multidrug+resistant+pathogens&btnG=
https://www.idosi.org/aejaes/jaes7(1)/17.pdf
https://www.idosi.org/aejaes/jaes7(1)/17.pdf
https://scholar.google.com.ua/scholar?cluster=16661766107875879699&hl=uk&as_sdt=2005&sciodt=0,5&authuser=4
https://doi.org/10.3390/molecules22020281
https://doi.org/10.3390/molecules22020281
https://pubmed.ncbi.nlm.nih.gov/28208818/
https://pmc.ncbi.nlm.nih.gov/articles/PMC6155946/
https://scholar.google.com/scholar_lookup?&title=Hydroxycinnamic+acids+and+their+derivatives%3A+cosmeceutical+significance%2C+challenges+and+future+perspectives%2C+a+review&btnG=
https://doi.org/10.3389/fmicb.2015.01420
https://doi.org/10.3389/fmicb.2015.01420
https://doi.org/10.3389/fmicb.2015.01420
https://pubmed.ncbi.nlm.nih.gov/26733965/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4685070/
https://scholar.google.com/scholar_lookup?&title=Potential+use+of+phenolic+acids+as+anti-Candida+agents%3A+a+review&btnG=
https://www.google.com/search?q=https://doi.org/10.15835/nbha47211361
https://doi.org/10.15835/nbha47111361
https://scholar.google.com/scholar_lookup?&title=Astaxanthin+production+by+newly+isolated+Rhodosporidium+toruloides%3A+optimization+of+medium+compositions+by+response+surface+methodology&btnG=
https://doi.org/10.1007/s00203-020-02111-7
https://doi.org/10.1007/s00203-020-02111-7
https://doi.org/10.1007/s00203-020-02111-7
https://pubmed.ncbi.nlm.nih.gov/33151382/
https://scholar.google.com/scholar_lookup?&title=Yeast+carotenoids%3A+production+and+activity+as+antimicrobial+biomolecule&btnG=
https://doi.org/10.3390/foods10102303
https://doi.org/10.3390/foods10102303
https://pubmed.ncbi.nlm.nih.gov/34681351/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8534595/
https://scholar.google.com/scholar_lookup?&title=Microalgae+derived+astaxanthin%3A+research+and+consumer+trends+and+industrial+use+as+food&btnG=


101PHYTOCHEMICAL AND ANTIMICROBIAL STUDIES OF AN INTRODUCED AMPELOPSIS BREVIPEDUNCULATA (MAXIM.) TRAUTV.

ISSN 1996-4536 (print) • ISSN 2311-0783 (on-line) • Біологічні Студії / Studia Biologica • 2026 • Том 20 / № 1 • С. 83–102

Wagner, H., & Ulrich-Merzenich, G. (2009). Synergy research: approaching a new generation of 
phytopharmaceuticals. Phytomedicine, 16(2-3), 97–110. doi:10.1016/j.phymed.2008.12.018
Crossref ● PubMed ● Google Scholar

Wintermans, J. F. G. M., & De Mots, A. (1965). Spectrophotometric characteristics of chlorophyll 
a and b and their phaeophytins in ethanol. Biochimica et Biophysica Acta (BBA) – Biophysics 
Including Photosynthesis, 109(2), 448–453. doi:10.1016/0926-6585(65)90170
Crossref ● Google Scholar

Wu, M.-J., Yen, J.-H., Wang, L., & Weng, C.-Y. (2004). Antioxidant activity of porcelain berry 
(Ampelopsis brevipedunculata (Maxim.) Trautv.). American Journal of Chinese Medicine, 
32(5), 681–693. doi:10.1142/s0192415x04002387
Crossref ● PubMed ● Google Scholar

Yabe, N., & Matsui, H. (2000). Ampelopsis brevipedunculata (Vitaceae) extract inhibits  
a progression of carbon tetrachloride-induced hepatic injury in the mice. Phytomedicine, 7(6), 
493–498. doi:10.1016/s0944-7113(00)80035-5 
Crossref ● PubMed ● Google Scholar

Yabe, N., Tanaka, K., & Matsui, H. (1998). An ethanol-extract of Ampelopsis brevipedunculata 
(Vitaceae) berries decreases ferrous iron-stimulated hepatocyte injury in culture. Journal of 
Ethnopharmacology, 59(3), 147–159. doi:10.1016/s0378-8741(97)00121-9 
Crossref ● PubMed ● Google Scholar

Yavorska, H. V., Vorobets, N. M., Yavorska, N. Y., & Fafula, R. V. (2023). Screening of anticandidal 
activity of Vaccinium corymbosum shoоts’ extracts and content of polyphenolic compounds 
during seasonal variation. Studia Biologica, 17(1), 3–18. doi:10.30970/sbi.1701.699
Crossref ● Google Scholar

Yueh, M. F., Taniguchi, K., Chen, S., Evans, R. M., Hammock, B. D., Karin, M., & Tukey, R. H. 
(2014). The commonly used antimicrobial additive triclosan is a liver tumor promoter. 
Proceedings of the National Academy of Sciences of the United States of America, 111(48), 
17200–17205. doi:10.1073/pnas.1419119111 
Crossref ● PubMed ● PMC ● Google Scholar

Yum, M. J., Koppula, S., Kim, J. S., Shin, G. M., Chae, Y. J., Yoon, T., Chun, C. S., Lee, J. D., & 
Song, M. (2017). Protective effects of Ampelopsis brevipedunculata against in vitro hepatic 
stellate cells system and thioacetamide-induced liver fibrosis rat model. Pharmaceutical 
Biology, 55(1), 1577–1585. doi:10.1080/13880209.2017.1311928
Crossref ● PubMed ● PMC ● Google Scholar

ФІТОХІМІЧНІ Й АНТИМІКРОБНІ ДОСЛІДЖЕННЯ ІНТРОДУКОВАНОГО 
AMPELOPSIS BREVIPEDUNCULATA (MAXIM.) TRAUTV.

Галина Яворська1, Наталія Воробець2 
1 Львівський національний університет імені Івана Франка

вул. Грушевського, 4, Львів 79005, Україна
2 Державне некомерційне підприємство

“Львівський національний медичний університет імені Данила Галицького”
вул. Пекарська, 69, Львів 79010, Україна

Обґрунтування. Ampelopsis brevipedunculata (Maxim.) Trautv (АВ) визнаний 
своїм потенціалом у лікуванні гепатотоксичних станів, атопічного дерматиту і запа­
лення шкіри, що може бути пов’язано зі синергізмом певних біоактивних сполук 
із протизапальною та протиалергічною активністю. Метою було оцінити здатність 
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екстрактів листя A. brevipedunculata як антимікробних засобів проти Escherichia 
coli, Bacillus subtilis, Candida parapsilosis, а також покращити розуміння впливу 
поліфенолів, флавоноїдів, гідроксикоричних кислот, каротиноїдів і хлорофілів  
у їхньому складі на антимікробну активність.

Методи. Екстракти листя АВ готували методами рефлюксу та мацерації з 20-  
і 60 % водним етанолом (AE) та 96 % етанолом (E). Водний екстракт отримували 
методом рефлюксу. Спектрофотометричний аналіз використовували для визна­
чення загального вмісту фенольних сполук, загального вмісту флавоноїдних спо­
лук і загального вмісту гідроксикоричних кислот, вмісту хлорофілу та каротиноїдів 
у екстрактах. Антимікробну активність екстрактів A. brevipedunculata оцінювали 
методом дифузії в агар.

Результати. Дистильована вода, 20-, 60 % АЕ та 96 % Е забезпечили висо­
кий рівень екстракції поліфенолів методами мацерації та рефлюксу, а 96 % Е – 
каротиноїдів і хлорофілів. E. coli та C. parapsilosis не були чутливими до водного 
екстракту й екстракту, приготованого з 20 % АЕ мацерацією. Водночас екстра­
кти, приготовані з 60 % АЕ та 96 % Е, мали певний інгібуючий вплив на E. coli та 
C. parapsilosis. B. subtilis інгібував водний екстракт. Кореляційний аналіз підтвер­
див взаємозв’язки між досліджуваними біологічно активними речовинами (БАР) та 
діаметром зон інгібування тестованих культур. Двофакторний дисперсійний аналіз 
підтвердив достовірність часток впливу на зони затримки досліджуваних культур 
у контролі та екстрактах за використання методу мацерації для їхнього приготу­
вання; а також екстрактів, отриманих за використання 20 % АЕ.

Висновок. Екстракти листя АB є багатим і різноманітним джерелом біохіміч­
них речовин, що мають інгібуючу дію проти E. coli, B. subtilis та C. parapsilosis. 
Зелені екстракти індродукованого АB можна використовувати як багате джерело 
фенолів, флавоноїдів, гідроксикоричних кислот, хлорофілів та каротиноїдів для 
подальших досліджень і застосування як антимікробних засобів. 

Ключові слова:	 Ampelopsis brevipedunculata, зелені екстракти, антимікробна 
активність, біологічно активні сполуки


