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This work deals with the studying antioxidant ability and the polyphenols accumulation of introduced fruit plant Prinsepia uniflora
Batalin in order to reveal the low spread species having great secondary metabolites content and bioactivity. The urgency of the task
of enriching the plant resource base for a balanced diet, the creation of functional foods and potential sources of new drugs substantiated
by the results of research in recent years. The relevance of this task for the steppe zone having an insufficient variety of the fruit plant
species with health-promoting properties was argued. High polyphenols content in Prinsepia uniflora fruits with predominant accu-
mulation in the peel compared to the pulp was established. However, total antioxidant capacity was greater in the fruit pulp, indicating
the possible contribution of some other secondary metabolites in the fruit antioxidant potential along with the polyphenols. Analysis
of Prinsepia uniflora leaf extracts revealed twice the levels of polyphenols and antioxidant capacity in young leaves compared to
mature ones. In general, the predominant accumulation of polyphenols in the leaves, while the greater antioxidant potential in the fruits
was established. Thus, the results of the work testify in favor of the suitability of both the generative and vegetative organs of Prinsepia
uniflora plants as a rich source of diverse secondary metabolites including polyphenols. Significant antimicrobial activity of both
plant fruit and leaf extracts was experimentally shown by disc-diffusion assay. The greatest inhibition of colony growth was exhibited
against Gram-positive bacterial strain Staphylococcus aureus B904, Gram-negative Erwinia dissolvens 170, and clinical fungal strain
Candida albicans as well. Revealed range of the antimicrobial activity indicates the viability of Prinsepia uniflora fruits and leaves as
a potential source of active compounds for the creation of new drugs. It was concluded that the introduced Prinsepia uniflora plants are
able to realize the genetic potential for the accumulation of secondary metabolites and can enrich the phytodiversity of the steppe zone,
serving as a potent source of biologically active compounds. Key words: secondary metabolites, antioxidants, antimicrobial activity,
non-traditional fruit plants, Prinsepia uniflora Batalin.

YmicT nosipeHos1iB, AHTHOKCHIAHTHA 3IaTHICTH Ta AHTUMIKPOOHMIT MOTEeHIiaJ IHTPOIYKOBaHOI 1J10/10BOI poc/iuHu Prinsepia
uniflora batalin. JInxonar 10.B., Xpomux H.O., lixyp O.0., Cxasp T.B., Ipersaas O.A., JIuxoaar O.A.

Jlana po6oTa nnpucBsiieHa BUBYCHHIO aHTHOKCHIAHTHOT 3/[aTHOCTI Ta HAKOITMYCHHS MOJTi(h)eHOIIB IHTPOLYKOBAHOI INIO0BOT POCTHHH
Prinsepia uniflora Batalin 3 MeT010 BUSBICHHS MaJIOTIOIIMPEHUX BUIIB, [II0 MAIOTh 3HAYHUI yMiCT BTOPUHHUX META00ITIB Ta O10J10TUHy
aKTUBHICTh. HajjaHo oOrpyHTyBaHHS aKTyaJIbHOCTI 3aB/IaHHs 30araueHHsI POCIMHHO-PECYpCHOT 0a3u Jyis 30aJ1aHCOBAHOTO Xap4ayBaHHS
JIIOZIMHH, CTBOPEHHS (DyHKI[IOHAJIBHUX MPOAYKTIB XapuyBaHHS Ta IIOTCHIIHUX JUKEPell HOBUX JIIKAPCHKHX 3ac00iB, ke Oa3yeThes Ha
Ppe3yabTaTax JoCIiHKeHb OCTAHHIX POKiB. APIyMEHTOBAHO aKTYyalIbHICTb IIbOTO 3aBAAHHS JUIS CTETIOBOT 30HH 3 HEAOCTATHIM PO3MAiTTIM
BHIB IJIOOBHUX POCIHH, SIKi MAIOTh 03/10pOBYI BIACTHBOCTI. BecTaHOBIEHO BHCOKHIA yMICT momideHomiB y ionax Prinsepia uniflora
3 NePeBaKHUM HAKOITMUYCHHSM Yy LIKIPIl MOPIBHSIHO 3 M’SKOTTIO IuIo/iB. OHAK 3arajbHa aHTHOKCHIAHTHA 3/1aTHICTh Oysa OO0
B M’SIKOTI IUIOJIB, IO BKA3y€ HA MOXIIUBHI BHECOK JICSIKMX IHIIUX BTOPUHHUX METAOONITIB y aHTHOKCHIAHTHUH MOTEHIIaJ IUIO/IB
pasom 3 noieHonamu. AHai3 eKCTPaKTiB TUCTS Prinsepia uniflora BUSBHB y MOJIOZOMY JIMCTI BIBIYi OLITBIINIT piBeHBb NOMi(EHOIMTIB
Ta aHTHOKCHJAHTHOI 3/1aTHOCTI MOPIBHAHO 31 3pUIMMH. Y IIJIOMY BCTaHOBJICHO, 1[0 Y JINCTKAX MEpeBaKa€ HAKOMMYEHHS NOMi()EeHOMTIB,
a 'y ioax — OUTbIIMI aHTHOKCHIAHTHUH noTeHuian. OTxe, pe3ynbraTd poOOTH CBiT4aTh PO MPHUIATHICTH SIK TCHEPATHBHUX, TaK
1 BEreTaTUBHUX OpraHiB pociuH Prinsepia uniflora sk Garatoro Jpkepeia pi3HOMaHITHUX BTOPHHHHX MeTaOOJNITIB, y TOMy 4HCIi
noidenomniB. ExcriepuMeHTaNbHO MOKAa3aHO 3HAYHY aHTHMIKPOOHY aKTHUBHICTH CKCTPAKTIB IUIOMIB 1 JIUCTS POCIHH 3a JIOTIOMOTOIO
muck-audysiiinoro anamizy. HaiGinpIie mpuraideHHs poCcTy KOJIOHIH Oys0 MPOTH rpaM-TIO3UTUBHOTO Tamy Oakrepiit Staphylococcus
aureus B904, rpam-neraruBHoro Erwinia dissolvens 170, a Takox kiiHiuHOro mwtamy rpubis Candida albicans. BusiBnenuii niana3oH
AQHTUMIKPOOHOT aKTHBHOCTI BKa3y€ Ha MOXIJIUBICTD IUIOIB 1 JIUCTS Prinsepia uniflora GyTH NOTEHIIHHIM JKEPEIOM aKTUBHUX PEUOBUH
JUISL CTBOPEHHS HOBUX JIIKAPCHKHUX 3ac00iB. 3p00JIeHO BUCHOBOK, IO iHTPOAYKOBaHI pOCIHuHN Prinsepia uniflora 3patHi peanizyBaru
TCHEeTHMYHMAH TOTEHIial i3 HaKOMWYEHHS BTOPHHHHUX METa0OoMNITIB Ta 30araTuTu (HiTOPI3HOMAHITTS CTEHOBOi 30HM, BHCTYIATH SIK
HOTY)XXHE JPKepesio 010JI0riYHO aKTUBHUX CHONYK. Knouo6i ciosa: BTOPUHHI METa0OIIiTH, AaHTHOKCHIAHTH, aHTUMIKPOOHA aKTHBHICTb,
HETpaMIiiHI II0R0BI pociuuy, Prinsepia uniflora Batalin.

Formulation of the problem. High intake of the anti- plant secondary metabolites with significant antiox-
oxidant-rich foods, especially plant-based foods, can idant capacity has a beneficial effect on the health-re-
provide the better human health and functional longevity. lated variables, including the cardiovascular system
Enrichment of products with the polyphenols and other and brain function. This trend suggests the availability
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of plant materials both as part of the human diet and for
obtaining a complex of non-nutrient secondary metab-
olites and creating functional food with an increased
content of the biologically active compounds. In addi-
tion, some secondary plant metabolites have shown high
antimicrobial activity, including inhibition of the growth
of antibiotic-resistant pathogens. The foregoing explains
the steady interest of researchers in identifying the anti-
oxidant properties of little studied plants, including
autochthonous and alien species.

The aim of the work was to determine the secondary
metabolites accumulation, antioxidant potential and bio-
logical activity of leaves and fruit extracts of the intro-
duced low spread plant Prinsepia uniflora Batalin, which
is known in traditional medicine in northwest China for
its therapeutic effects.

The relevance of research. Introduced plant species
with a rich composition of the secondary metabolites
expanse the phytodiversity and plant raw material base
in the steppe zone of Ukraine, which has an insufficient
range of the fruit and berry crops. However, the imple-
mentation of the processes of the biologically active
compounds accumulation by the introduced plants is
determined not only by the species-specific genetic
properties, but is largely influenced by growing condi-
tions, and therefore needs to be comprehensively stud-
ied. In addition, the known biological activity of second-
ary metabolites synthesized by the introduced plants in
the new environments also needs confirmation.

Connection of the article with important scientific
and practical tasks. Achieving the goal of the work
was associated with the following tasks: determination
of the total content of polyphenols and total antioxidant
capacity in the leaves and fruits of introduced Prinsepia
uniflora plants, as well as testing the antimicrobial poten-
tial of the extracts from leaves and fruits of Prinsepia
uniflora plants.

Analysis of recent research and publications. The
discovery of potential plant sources of biologically active
compounds suitable for the strengthening food security
by the development of nutritional balanced natural prod-
ucts and the functional food or the creation of new drugs
was declared as one of the urgent problems in recent
years [1; 2]. In this line, various aspects of plant second-
ary metabolism have been the subject of recent research.
It was established that the secondary metabolites content
in the fruits is determined by the course of their biosyn-
thesis, transformation and accumulation during fruit rip-
ening [3]. At the same time, plant growth conditions can
also influence the outcome the synthesis process of bio-
active compounds. For example, the altitude-dependent
variations of anthocyanin content and profile throughout
fruit development and ripening of highbush blueberry
cultivars were found [4].

The secondary metabolism was observed in different
parts of plant organism, including the vegetative organs
of fruit plants, which contributed to the replenishment
of the plant material base. In particular, it was con-

firmed the use of leaves and other wastes of plant culti-
vation as a potential source of polyphenols on the base
of study results of the blackberry leaves [5], the rowan
fruit peel [6], and the antioxidant activity and phyto-
chemical composition of the methanolic extracts from
leaves and flowers of Crataegus azarolus [7]. The
rational use of plant materials has become an import-
ant aspect in recent years, in line with which the novelty
technologies for polyphenols recovery from agro-food
by-products were proposed [8]. The current approach
to the effective use of the health-improving properties
of plant secondary metabolites combines several areas,
including the saturation of the diet with a variety of plant
products and the development of functional food with
an increased content of biologically active compounds.
According to this trend, G. Khomych et al [9] reported
the creation of food products with targeted biological
action using natural ingredients of raw materials with
probiotic properties. The limitation of the artificial
flavors and colors content by the replacing them with
appropriate components derived from the fruits process-
ing was proposed [10].

Apart the dietary and functional food aspects,
the potent of secondary metabolites as a source for
creation of new drugs has become a promising area of
research. The positive effect of flavonoids on learn-
ing, memory and neurocognitive performance was
established [11]. Polyphenolic extracts from different
plants showed antioxidant the antihyperglycemic activ-
ities [12] as well as vascular-protective ability [13].
Plants of the species Prinsepia uniflora Batalin used in
traditional Chinese medicine for the treatment of eye
diseases [14], and is known as the source of alkaloid
galactosides [15].

Highlighting previously unsolved parts of the gen-
eral problem to which this article is devoted. This
work is due to insufficient knowledge of the secondary
metabolites chemical composition, antioxidant capacity
and biological activity of Prinsepia uniflora plants.

The novelty of the study. For the first time, the fea-
tures of the polyphenols and antioxidant activity distribu-
tion in the vegetative and generative organs of Prinsepia
uniflora plants was studied. The need for a differentiated
study of the fruit peel and pulp activity is substantiated.
The antimicrobial potential of Prinsepia uniflora leaf
and fruit extracts was examined for the first time.

Methodological and general scientific signifi-
cance. Analysis of the relationship between polyphenols
content and the antioxidant activity of the vegetative
and generative organs of Prinsepia uniflora reflect a sys-
tematic assessment of plant genetic potential implemen-
tation in a new environment. The antimicrobial efficacy
of the leaves and fruits of the plant contributes to under-
standing of the plant-pathogen interaction.

Description of the study. Plant material was col-
lected in 2021 in the Botanical Garden of Oles Honchar
Dnipro National University, where plants of Prinsepia
uniflora Batalin (Rosaceae family) were introduced
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above 60 years ago. Ripe fresh fruits but air-dried leaves
were used for the crude extracts obtaining. All measure-
ments of content, antioxidant and biological activity
of the extracts were carried out in fivefold repetition.

Research methods. The isopropanol-water (80:20,
v/v) extracts from the leaves and fruits (separated peel
and pulp) were prepared. Briefly, 2.0 g of ground plant
material with 20 mL of isopropanol kept for 24 hours
at room temperature with shaking followed by filtration.
Total polyphenols content, and total antioxidant capac-
ity were determined in the crude extracts obtained. For
the antimicrobial assays, crude extracts were evaporated,
and solid residue was dissolved in 600 pL of isopropanol.

Content of polyphenols was determined according
to Singleton et al [16] with Folin-Ciocalteu reagent,
which was added to reaction mixture containing 0.2 mL
of plant extract, 0.2 mL of distilled water, and 0.8 ml
of sodium carbonate solution. The reaction mixture
was incubated for 40 minutes at 45 °C and cooled. The
absorbance was measured using spectrophotometer
at 726 nm,; the results were calculated on a calibration
graph and expressed as mg gallic acid (GA) equivalents
per 100 g (mg GA/100 g).

Evaluation of total antioxidant capacity of fruit
and leave extracts was carry out in accordance with
Prieto et al [17] using the reagent solution (0.6 M sul-
furic acid, 28 mM sodium phosphate, and 4 mM ammo-
nium molybdate). After the samples incubation at 95 °C
for 90 min, absorbance at 695 nm was measured against
blank; the results were calculated using a calibration
graph prepared on the solutions of ascorbic acid (AA),
and expressed as mg of ascorbic acid equivalents (mg
AA/100 g).

Antimicrobial activity of the fruit and leaf extracts
were tested using the disc diffusion method [18]. The
test strains of microorganisms were from the culture col-
lection of Microbiology, Virology and Biotechnology
Department of Oles Honchar DNU. Of these, there were
collection Gram-negative bacterial strain Erwinia dissol-
vens 170, Gram-positive strain Staphylococcus aureus
B904, and clinical fungus Candida albicans. In each
case, Petri plates containing meat-peptone agar (MPA)
medium were seeded with suspension of microorgan-
isms. Plant extracts were applied on the sterile paper
discs (6 mm diameter) which were placed on the agar
surface; plates incubated at 37 °C for 24 h. Antibiotics
ofloxacin and itraconazole were used as the positive con-
trol for tested bacterial and fungal strains, respectively.

Antimicrobial activity of plant extracts was expressed
as the inhibition zone diameter (mm) around the discs
along with disc diameter.

Study results showed differences between fruit peel
and pulp in total polyphenols content and antioxidant
activity (Table 1).

Polyphenols accumulation in the peel of Prinsepia
uniflora fruits was 1.7 times higher in comparison with
the index of fruit pulp (P < 0.001). Similar distribution
of polyphenolic compounds were found in our research
in several fruit plants including barberry, yoshtaberry,
and rowan fruits [6]. Therefore, study results indicate
the general pattern of the polyphenols fullness in fruit
peel, and need the peel using as rich resource of secondary
metabolites. At the same time, total antioxidant activity
of the fruit peel achieved only 0.89 % of pulp level, that
suppose the possible contribution of some other second-
ary metabolites in the fruit antioxidant potential along
with the polyphenols. Yang leaves of Prinsepia uniflora
plants accumulate the highest polyphenols content that
was 3.3 times bigger as compared to mature leaves (P
< 0.001). Similarly, total antioxidant activity of yang
leaves exceeded 2.1 times the index of the mature leaves.
These findings confirmed the suitability of both vegeta-
tive and generative parts of Prinsepia uniflora plants as
the promising resource of polyphenols and other second-
ary metabolites.

The results of disc-diffusion assay showed prominent
inhibition activity of Prinsepia uniflora leaf and fruit
crude extracts against all tested bacterial and fungal
strains (Fig. 1).

Colony growth inhibition of Erwinia dissolvens
(Gram-negative strain) by plant extracts was more signif-
icant when compared to Staphylococcus aureus (Gram-
positive strain). Clinical fungal strain Candida albi-
cans showed the highest sensitivity to the action of leaf
and fruit pulp extracts of Prinsepia uniflora. According
to results of inhibition zones measurement, effect of both
leaf and fruit peel and pulp extracts against Erwinia dis-
solvens was comparable with antibiotic ofloxacin action
(Table 2).

Different concentrations of Prinsepia uniflora
leaf and fruit extracts did not show a clear dose
dependence of the inhibitory effect on colony growth
of the tested strains. Moreover, low concentration
of leaf and peel extracts exhibited greater effect against
Erwinia dissolvens, as well as pulp extract against
Staphylococcus aureus. Antifungal activity of all tested

Table 1
Secondary metabolites features of Prinsepia uniflora fruits and leaves
Index Fruits Leaves P
peel pulp yang mature
Total polyphenols | ¢4 6 1 .79 37192554 | 933.6+841 | 4074831 <0.001
content
T"tal;‘;l:c‘ﬁ;dam 1968.48=22.17 | 2198.73£29.81 | 2594.8+63.80 | 1229.3 +27.70 <0.001
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Fig. 1. Effect of Prinsepia uniflora extracts on E. dissolvens (4),
St. aureus (B), and C. albicans (C): 1, 2 — leaves, 3, 4 — peel; 5, 6 — pulp,
7 — antibiotic (positive control)

Table 2

Inhibition zones diameter (mm) caused by Prinsepia uniflora extracts

Plant extra.cts Erwinia dissolvens 170 Staphylococcus aureus Candida albicgns (clinical
concentration B904 strain)

Leaf (50 pg/uL) 12.28 £0.18 11.32+£0.22 9.63+£0.13

Leaf (25 pg/uL) 15.73 £0.20 10.52+£0.10 13.31 +£0.08

Peel (50 pg/uL) 10.63 £0.23 11.44+£0.14 10.55+0.13

Peel (25 pg/uL) 14.85+0.21 11.4+0.13 85+0.14

Pulp (50 pg/uL) 16.3+£0.12 9.21+£0.22 14.02 +0.07

Pulp (25 pg/uL) 14.48 £0.17 10.54 +£0.19 9.44+0.17
Positive control 22.86+0.17 19.24 £0.18 7.87+0.12

plant extracts, especially pulp higher concentration,
against clinical strain Candida albicans exceeded
the ability of antibiotic itraconazole. Further research
is need to study the patterns of antimicrobial activity
of different concentrations of Prinsepia uniflora leaf
and fruit extracts.

Conclusion.

1. High total polyphenols content along with great
antioxidant capacity of both the generative and vegetative
parts of Prinsepia uniflora plants indicate this low spread
species suitability as a rich source of diverse secondary
metabolites. Predominant polyphenols accumulation
in the fruit peel, but greater total antioxidant capacity
in the fruit pulp allows the possible contribution
of some other secondary metabolites in the general fruit
antioxidant potential apart the polyphenols.

2. Prominent antimicrobial activity of Prinsepia
uniflora fruits and leaf crude extracts exhibited against

both Gram-positive and Gram-negative bacteria,
and antibiotic-resistant fungal strain as well confirm
the promising use of this plant extracts as a potential
source of active compounds for the creation of new drugs.

3. The introduced plants of low spread fruit species
Prinsepia uniflora are able to realize the genetic
potential for the accumulation of secondary metabolites
in a new environment and can enrich the phytodiversity
of the steppe zone, serving as a promising source
of biologically active compounds.

Prospects for the use of research results. The
discovery of Prinsepia uniflora high polyphenols content
and antioxidant potential as well opens up prospects for
obtaining a rich complex of secondary metabolites when
this introduced species is cultivated in the steppe zone.
Antimicrobial ability of the plant extracts may be useful
in addressing the problem of bacterial and fungal drug
resistance.
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