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Background. A comprehensive analysis of polyphenols (flavonoids and proantho-
cyanidins) content of aqueous and hydroethanolic shoots’ extracts of Vaccinium corym-
bosum L. (highbush blueberry) (HB) cv. Elliott was performed.

Materials and Methods. In this study, water and various concentrations of aque-
ous-ethanol (AE) were used as extragents, and plant material — the shoots of V. cor-
ymbosum harvested at stages of flowering (l), fruiting (1), after fruiting (Ill), and at the
beginning of winter dormancy (IV). The anticandidal activity of aqueous (A) and AE
extracts was studied with five strains of fungi: Candida pseudotropicalis (Kluyveromyces
marxianus ATCC 4922=VKM Y-922), C. curvata (Cutaneotrichosporon curvatus
ATCC 10567=VKM Y-2230), C. kefyr (Kluyveromyces marxianus VKM Y-459), C. parap-
silosis ATCC 22019=UKM Y-731=VKM Y-58 and C. tenuis ATCC 10573=UKM Y-15251
(Yamadazyma tenuis ATCC 10573=VKM Y-70). These strains were treated with extracts
to investigate their effect on the growth of these microorganisms in vitro and compare
with commercially available herbal medicinal extracts and antiseptic drugs. Anticandidal
activity has been compared with the content of total phenolic compounds (flavonoids
and proanthocyanidins).

Results. Our results reveal that phenolic compounds concentration of V. corymbo-
sum shoots’ extracts were significantly dependent on extragents and the stage of growth.
The total content of phenolic compounds in aqueous-ethanol extracts was generally
higher than aqueous and depended on the concentration of aqueous-ethanol. The highest
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extraction yield of total phenolic compounds was obtained using 40-80%-AE at all inves-
tigated stages. The highest content of flavonoids (105-123 mg-g' DW in quercetin equiv-
alent) was observed at the stage of winter dormancy (IV). The content of proanthocyani-
dins was the highest at stages Il and IV, and with 40—-96% AEs as solvents; their contents
varied within 178-239 mg-g™' DW in catechin equivalent. Extracts prepared with 40-80%
AE have pronounced inhibitory activities against all investigated Candida spp., but the
maximum inhibition zone of a single strain may vary. High correlations indicate the deter-
mining effect of proanthocyanidins on the anticandidal activity of the extract.

Conclusions. The study results indicate that V. corymbosum shoots may have
promising properties in supporting therapy as anticandidal drugs.

Keywords: Vaccinium corymbosum cv. Elliott shoot, phenolics, flavonoids,
proanthocyanidins, anticandidal activity

INTRODUCTION

The 20th century breakthrough in the treatment of infectious diseases was largely
due to the discovery and widespread use of antibiotics. However, their use did not
in all cases cure the disease, which was often accompanied by allergic reactions. At
the same time, the number of microorganisms resistant to antimicrobial drugs has
increased (Service 1995; WHO 2020), including in Ukraine (Sklyar et al., 2021). Since
secondary plant metabolites are known to provide many benefits to the human body,
numerous studies have been devoted to studying the chemistry of herbal antimicrobials
and the mechanisms involved in suppressing microbial growth, due to their lower toxic-
ity compared to synthesized ones. Our attention was attracted by the North American
species of Vaccinium corymbosum L., varieties of which are widespread in European
countries and known for the high nutritional value of fruits with a large number of sec-
ondary metabolites, mainly phenolic (Siddiq & Dolan, 2017; Wang et al., 2017; Sun
et al., 2018) with antimicrobial and other activities (Johnson et al., 2013; Joshi et al.,
2016; Kelly et al., 2017). Biologically active substances (BAS) of HB’s aboveground
organs is much less studied. Cultivated HB plants require pruning of shoots that con-
tain various BAS, but in most cases, they are underutilized and/or treated as waste or
byproducts and discarded (Piljac-Zegarac et al., 2009; Cezarotto et al., 2017). At the
same time, well-grown shrubs with multiple shoots could produce more plant material
and higher fruit yields were described in several species (Siefker & Hancock, 1986).
Meanwhile, several species and cultivars of Vaccinium have been recognized as some
of the best sources of phenolic compounds not only in fruits but in vegetative organs
(Riihinen et al., 2008; Kelly et al., 2017). The above suggests the ability of HB’ shoots to
accumulate phenolic compounds. In recent decades, cultivation of highbush blueberry
has significantly increased in the world and in Ukraine.

The content of biologically active substances in plants depends on the genotype
and environmental conditions; therefore, it is important to assess the optimal time for
their maximum accumulation. V. corymbosum cv. Elliott was bred in the US in 1948
and in 1973 recognized as industrial to produce fruit in Zone: 5 to 8 [Missouri Botanical
Garden, missouribotanicalgarden.org, 2022]. The height of the highbush blueberry bush
is 1.5-2.1 m; bloom time: May; fruit ripening time is very late season — from August;
ovate, medium green leaves and stems turn yellow-orange to reddish and purple in fall.
In Ukraine, cv. Elliott has been adapted and widely used in field crops to harvest berries.
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Biochemical analysis of active BAS in raw materials and phytopreparations is con-
sidered an important step in studying their efficacy and therapeutic safety and mecha-
nisms of action of their ingredients. It has been established that berries and their phenols,
which are formed and accumulated in some species of the Vaccinium, have the ability
to eliminate reactive oxygen species, thus, providing medicinal properties (Puupponen-
Pimia et al., 2005). Leaf extracts of several species of Vaccinium showed a higher anti-
oxidant effect than berry extracts due to the higher content of phenolic compounds in the
leaf extracts. Previous studies have shown that the crude extract of highbush blueberry
shoots contains phenolic compounds and has a high antioxidant activity (Yavorska et al.,
2020). The content of phenolic compounds in plants depends on environmental factors,
such as light, temperature, humidity, precipitation, which are variable in Eastern Europe,
especially during the year (Sharma et al., 2019). Additionally, their accumulation depends
on the activity of metabolic processes at different stages of plant development. The natu-
ral antioxidants present in plant materials are of considerable interest because of their
presumed safety and potential therapeutic value. Antioxidant compounds, especially from
agricultural waste, can be a source of valuable compounds for the medical and pharma-
ceutical industries and at the same time contribute to a fuller use of the crop. Since diffe-
rent antioxidants may or may not be soluble in different solvents, and the yield of extrac-
tion depends on the polarity of the solvent, it is important to choose the appropriate sol-
vent to obtain reliable results of the study of phenolic compounds content in raw materials.

Highbush blueberry is a perennial plant that passes several phases of growth and
development each year; during these periods the plant’s nutritional needs change.
Thus, the aim of this study was to investigate the content of phenolics in aqueous and
hydroethanolic extracts of shoots of V. corymbosum cultivar Elliott during four stages of
development. We also decided to screen and evaluate the anticandidal activity of these
extracts and compare it with the content of phenols to assess their relative antimicrobial
contribution. An in vitro disc diffusion methodology was employed, as well as statistical
for these comparisons.

MATERIALS AND METHODS

Plant materials. The field-grown, highbush blueberry V. corymbosum cv. Elliott was
planted in the nurseries of Berry Partner LLC in Lviv region of Ukraine. Plant raw materi-
als — shoots of V. corymbosum cv. Elliott (I = 30 cm), were harvested in the seasons of
2018-2020 in the stages (phenological phases) of flowering (1), fruiting (Il), post fruiting
(1) and at the beginning of winter dormancy (1V); (May, July, August, December respec-
tively). Growth stages were determined according to biologists from the University of
Michigan (Blueberries. Machigan State University, canr.msu.edu, 2022).

Shoot materials were collected as a composite sample from the planting site at the
appropriate time of each stage of development. The plant material was air-dried in the
dark at a temperature of 22—24 °C and ground to powder before use.

Preparation of the extracts. Dried shoots were homogenized and the powders
obtained were collected, passed through a sieve of 2 mm mesh and used for extraction.
Aqueous extract was performed by suspending 2 g of material in 20 mL of distilled water
(DW) under reflux conditions in a boiling water bath for 30 minutes.

Aqueous ethanol in various concentrations (20, 30, 40, 50, 60, 70, 80, 96%) was
used to prepare extracts with air-dry shoots. The extracts were prepared by macera-
tion methods according to State Pharmacopoea of Ukraine (1:10/weight: volume/g: mL,
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14 days in darkness at 25 °C). After completing the extraction process, each extract
was filtered through Whatman No.1 filter paper in order to obtain a clear crude extract
solution. Subsequently, this crude extract was subjected to phytochemical screening
and their anticandidal activity was tested.

Chemicals and reagents. Only analytical grade chemicals were used in the stud-
ies. Methanol, ethanol, ascorbic acid, gallic acid, quercetin, aluminum chloride, sodium
carbonate, phenolic reagent Folin—Ciocalteu, sulfuric acid were purchased from Sphere
Seven Co. (Lviv, Ukraine).

Spectrophotometric determination of total phenolic, total flavonoid
and proanthocyanidins content

Estimation of total phenolic content (TPC). The content of total phenols in V. cor-
ymbosum extracts was determined with Folin—Ciocalteu reagents described in K. K. Chew
et al., (2011) with gallic acid as a standard with slight modifications (Yavorska&Vorobets,
2020). Crude extracts were diluted 15 times with deionized water prior to analysis. 1.5 mL
of diluted extract was mixed with 1.5 mL of diluted Folin—Ciocalteu reagent (10 times
diluted with deionized water). After incubating the mixture at room temperature for 4 min,
1.2 mL of 7.5% (w/v) sodium carbonate anhydrous solution was added into the mixture.
The mixture was then immediately vortexed for 10 s and incubated in dark environment
at room temperature for 2 h. Blank was prepared by replacing 1 mL of extract with 1 mL of
deionized water. The absorbance of the mixture was measured against blank at 650 nm
by using UV-light spectrophotometer (Model CF-46 LOMO, Russia). The concentration
of total phenolics in the test sample was determined from the calibration curve. Gallic
acid was used to calibrate the standard curve and the calibration equation for gallic acid
was y = 0.0025x + 1.5755 (R? = 0.9982). We obtained the equation for the calibration
curve of gallic acid in the range of 50-450 pg-mL™". Each crude extract was analyzed in
triplicate and the results were expressed in milligrams of gallic acid equivalents per gram
of dry weight (mg -g' DW in gallic acid equivalent).

Estimation of total flavonoid content (TFC). Aluminium chloride colorimetric
technique was used for flavonoids estimation as described in K. K. Chew et al., (2011)
with slight modifications. 0.25 mL of V. corymbosum shoot extract was firstly mixed with
1.25 mL of deionized water, followed by addition of 75 pL of 5% (w/v) sodium nitrite solu-
tion. After 6 min, 150 L of 10% (w/v) aluminium chloride solution was added and the
mixture was allowed to stay at room temperature for 5 min. Subsequently, 0.5 mL of
1 M sodium hydroxide was added into the mixture and followed by addition of 330 pL of
deionized water. The mixture was then vortexed for 10 s and kept at room temperature
for 30 min. The absorbance of the resulting solution was measured at 510 nm by using
spectrophotometer. Blank was prepared by replacing 0.30 mL of V. corymbosum extract
with 0.30 mL of deionized water. Quercetin was used to calibrate the standard curve and
the calibration equation for quercetin was y = 0.0004x—0.0243 (R?=0.9871). The quercetin
standard solution was 50 to 600 ug-mL™. The total flavonoids content was expressed as
milligrams of quercetin equivalent per g dried weight (mg-g”' DW in quercetin equivalent).

Determination of proanthocyanidins

Proanthocyanidins content was determined by vanillin-H,SO, assay as described
by H. Noorul et al., 2017. Volumes of 1.0 mL aliquots of each extract were mixed with
2.5 mL of 1.0% vanillin in absolute methanol and then with 2.5 mL of 25% (v/v) sulfu-
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ric acid in absolute methanol to undergo vanillin reaction with polyphenols in extract.
The blank solution was prepared in the same procedure without vanillin. The vanillin reac-
tion was carried out in 26 °C water bath for 15 minutes. The absorbance at 510 nm was
read and the results were expressed as (+)- catechin equivalent by a calibration method,
and the results were expressed in milligrams of catechin equivalent per g dry weight
(mg-g"' DW in catechin equivalent). The equation obtained for the catechin calibration
curve: y = 0.1141x — 0.0118 (R? = 0.998) (Noorul et al., 2017).

All experiments were conducted three times, and each crude extract was analyzed
in triplicate.

Estimation of antimicrobial activity. The strains of fungi were used from the
Microbial Culture Collection of the Department of Microbiology of lvan Franko National
University of Lviv. Candida pseudotropicalis (Kluyveromyces marxianus ATCC
4922=VKM Y-922), C. curvata (Cutaneotrichosporon curvatus ATCC 10567=VKM
Y-2230), C. kefyr (Kluyveromyces marxianus VKM Y-459), C. parapsilosis ATCC
22019=UKM Y-731=VKM Y-58 and C. tenuis ATCC 10573=UKM Y-1525T (Yamadazyma
tenuis ATCC 10573=VKM Y-70) were used as tested microorganisms.

Test for antifungal activities. The agar diffusion method, as adapted earlier using
in modification by the wells, (Vorobets & Yavorska, 2016) was used. From the daily cul-
ture of microorganisms, a suspension was made in distilled sterilized water, and every
suspension was adjusted to equal a 0.5 McFarland standard. Each cup with Sabouraud
agar was filled with 0.2 mL of the microbial suspension. After 20—30 minutes, the wells
were made on the surface of the seeded medium with a 6 mm stamp (4-5 pc). After that,
in the wells, the sample of 0.2 mL of the substance was applied. Anticandidal activity
was judged about by the presence and size of the growth zone of the studied micro-
organisms around the wells with the extract (Inhibition zone diameter). Stuffed Petri
dishes were incubated in a thermostat at 2841 °C for 24—48 hours for all tested cultures
of Candida spp. depending on the growth in the control medium. To determine the anti-
candidal activity of the examined samples, the following scale was used: diameter of the
growth retardation zone more than 20 mm — highly sensitive; 10—-20 mm — sensitive; up
to 10 mm — moderately sensitive. Values ranging from 6 to 8 mm were considered as
non-active against microorganisms. When the strain showed no activity, the value was
considered equal to zero.

Aqueous ethanol in concentrations of 20, 30, 40, 50, 60, 70, 80, 96% and distilled
water were used as solvent controls. Commercial herbal medicinal extracts and antisep-
tic drugs were tested as standard positive controls: Decasan (Solution of decametho-
xine dihydrochloride 0.02% by weight in water with sodium chloride, Yuria—Pharm Ltd.),
Rotokan (PJSC “Lubnypharm”), Fluconazole (150 mg) (dissolved in sterile water 1 cap-
sule in 9 mL of sterile water to obtain a homogeneous suspension), Eucalyptus tincture
(Tinctura Eucalypti LLC “Ternopharm” Ternopil’ city), and Chlorophyllipt (chlorophyllipt
solution in ethanol 1%; LLC “Galichpharm” Lviv’ city). We dripped into the wells of con-
trol solutions: 0.2 mL of aqueous ethanol of appropriate concentration (solutions were
prepared using sterile distilled water); one drop of Decasan, 0.2 mL of Fluconazole,
0.2 mL of Chlorophyllipt, 0.2 mL of Eucalyptus tincture.

Statistical analysis. All experimental data reported are mean * standard devia-
tion (SD). Correlation analysis were carried out using ANOVA. Statistical significance
(p <0.05) of the results was established by comparing the studied mean values of the
sample and control mean values.
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RESULTS

Phenolics. The results of the study of polyphenolic profiles in the shoots of
V. corymbosum cv. Elliott are presented in Fig. 1. The content of total phenolics in the
shoots indicates significant differences (p<0.05) between the stages of development and
depend on the solvent. Under the experimental conditions, the total content of phenolics
in aqueous extracts in the shoots was 74.64+4.05 mg GAE g' DW in the flowering stage,
reached maximum values in the post—fruiting stage (189/40+5.50 mg GAE-g' DW) and
decreased by the onset of winter dormancy stage (103.32 £1.80 mg GAE-g' DW).

Aqueous ethanol in different concentrations extracted more phenolics compared
to water as extragent (Fig. 1). At the flowering stage, the smallest amount of phenols
was extracted with 20% aqueous ethanol (AE), higher concentrations of AE extracted
more phenolics, and the highest concentration of phenolics was recorded when using
80% AE (213.36+3.60 mg GAE g' DW). At the stage of fruiting, the phenolics content
increased compared to the flowering stage and reached the highest values in extracts
prepared with 50% AE, although the differences in their content in the extracts prepared
using AE in different concentrations did not exceed 30%. At the post-fruiting stage, the
content of phenolics remained high and, depending on the concentration of AE, ranged
within 46%. At the stage of the beginning of winter dormancy, the content of phenolics
reached 192.06+2.91 mg of GAE g' DW only in the extract prepared with 70% AE.
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Fig. 1. Total phenolics content (mean + SD) in the extracts of Vaccinium corymbosum cv.Elliott shoots at
different stages of development (I-IV) prepared with H,O and aqueous ethanol (AE) of various con-
centrations as a solvent. Y — Total phenolics content, mg GAE-g' DW; X — extragent

Flavonoids. The value of flavonoids in the shoots varied depending on the extra-
gent, as well as on the stage of development (Table 1). The highest content of flavo-
noids in the shoots was found at the beginning of winter dormancy (stage V), although
at the stage of flowering and fruiting the content was high (Table 1). Comparing the
stages, it was found that the total content of flavonoids at the stage of winter dormancy
is higher compared to other stages: eg. ~1.4 times higher than at the stage of flowering
and ~1.5 times higher than at the stage of fruiting in extracts with 20% AE; 1.5 times
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Table 1. The content of flavonoids and proanthocyanidins (mean * SD) in the shoots of Vaccinium corymbosum cv. Elliott according

to the harvest period

Sample
extragent

Flavonoid content
(mgquercetin-g' DW)

Proanthocyanidins content
(mgcatechin-g' DW)

The stage

after fruiting  winter dormancy

The stage of

The flowering
stage

The fruiting
stage

The stage after

fruiting

The stage of
winter dormancy

H,0
20% AE
30% AE
40% AE
50% AE
60% AE
70% AE
80% AE
96% AE

The flowering  The fruiting
stage stage

231.6742.17 269.98+5.64**
77.33£3.60  71.89+1.79#
81.55+2.46 72.53+0.85*
86.59+1.32  67.70+7.59#
74.16+£1.58  80.66+1.59*
80.66+1.84  75.41+1.10#
90.55+1.96 69.15+4.91*
76.74+1.47  70.2413.18#
82.77+2.56  67.22+0.74**

32.12+1.62***
45.49+2.80***
48.93+4.55***
62.53+4.68**
60.85+5.54*
68.10+3.21*
79.01+£3.53*
58.31+£2.41**
52.35+2.28"*

105.17+0.69***
107.97+1.74**
122.62+1.48***
114.55+1.20***
114.95+1.35***
112.32+1.34***
111.32+0.66***
121.75+£3.87**
116.97+£1.61***

40.91+2.35
8.67+0.14
20.06+0.86
64.76+0.82
75.74+0.96
97.60+0.70
58.82+1.00
98.52+0.64
128.03+0.91

74.90 +£2.20***
117.41£0.53***
161.17+1.34***
221.59+1.11***
194.02+3.17***
195.40+1.84***
227.36+2.81***
239.70+1.32***
238.12+5.82***

98.55+2.54**
47.46+£1.83***
70.56£1.07***
120.44+1.01***
143.00+1.52***
119.14£3.10**
162.39+2.62***
147.15+6.31*
101.81£6.37*

172.06+1.22***
132.21£1.17***
165.51+1.36™**
178.66+0.96***
194.71+£2.19***
188.98+1.18***
182.03+1.21***
178.53+2.17***
166.07+1.30***

Note: # —p =20.1; * — p £ 0.05; ** — p <0.01; *** — p <0.001. AE — aqueous-ethanol

Table 2. Anticandidal activity of Vaccinium corymbosum cv. Elliott shoots extracts

Sample Diameter of inhibition zone, mm (mean+SD)
solvent Candida pseudotropicalis Candida curvata Candida kefyr Candida parapsilosis Candida tenuis
1 2 8 4 ) 6
H,O 8.33+0.58 8.67+2.31° 10.00£0.00 12.33+2.522 9.67+0.582¢
20% AE 8.00+0.002 6.33+0.58% 10.33+£1.53%¢ 8.00+0.00°cce 8.67+0.580¢
30% AE 6.67+0.583 7.33+1.15° 11.67+0.582 6.33+0.582d 12.00+1.003bcce
40% AE 7.33+0.5820< 8.00+0.00° 8.33+0.58%4 A SEOIS8E 126741, 1=k
B 50% AE 11.67+0.5730d 10.00+0.0030cde 16.33+3.79° 15.67+1.153cde 18.67+1.1520cd

60% AE 14.67+2.31° 20.33+0.5830cde 17.33+2.083bcde 17.00+1.733bcde 17.00+2.6530c®
70% AE 9.67+2.52° 16.33+1.1530cde 11.33+2.312° 6.00+0.0030< 12.33+2.523bde
80% AE 10.33+1.54¢ 15.67+0.5820cde 29.00+1.0Qzbcde 34.67+0.58%¢ 24.33+2.0820cde
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End of Table 2

1 2 3 4 5 6
H,O 7.67+1.53 5.67+ 0.582 7.33+0.5820% 6.33+1.1520x 7.67+0.58%
20% AE 10.33+1.53% 6.33+£1.152 7.33+0.58300¢ 6.00+1.00300¢ 7.33%1.15¢°
30% AE 12.00+1.00%* 20.00+0.0Qzbcce 13.33+1.53%* 17.67+4.04°%* 12.0041.7320cde
_ | 40%AE 18.33+1.54abcde 14.00+1.00Qz@0cde 13.33+1.53%¢ 11.33+2.89% 11.33+£2.31%
a 50% AE 7.00+0.00°* 5.67+0.58* 6.00+0.0020 6.00+1.0020x 7.33+0.582
60% AE 6.67+0.59%> 20.67+0.58zbcce 5.67+0.583cde 10.33+0.583bcde 7.00+0.00%
70% AE 11.67+0.58% 14.33+1.15%0cde 19.00+1.73b% 13.0042.65% 7.67+2.08%
80% AE 13.00£1.73¢ 16.33+3.79bce 13.67+1.15b 14.67+2.31% 19.00+1.733bcde
H,O 7.33+1.152 14.00+3.46%* 8.00+0.0030« 13.33+2.892 10.33+0.58%
20% AE 6.00+0.00%4 6.33+0.58% 8.67+2.31° 13.3342.89° 9.33+1.15bcce
30% AE 6.00+0.0020< 7.00+1.00°® 14.67+0.582000 9.67+0.5820c 7.67+0.5820c0
_ | 40%AE 7.00+1.003bcce 6.33+0.580% 12.67+2.52¢° 11.00+1.00°¢ 10.67+1.15°
- 50% AE 6.00+0.00° 6.33+0.58% 9.67+0.580¢ 9.67+0.58°¢ 16.00+1.0030cde
60% AE 2.33+2.523bcde 6.33+0.583 8.00+0.00° 11.67+2.89° 13.33+2.890cde
70% AE 15.33+0.58z20c® 6.67+1.15M 9.67+1.53* 18.67+3.21% 16.67+2.892bc°
80% AE 8.67+0.57 6.67+1.15% 18.00+2.65°¢ 16.33+3.793cce 18.67+4.04%
H,0 6.67+1.153%cd 8.33+0.58%* 10.00£2.00° 10.33+£2.082 8.33+0.58%
20% AE 7.67+1.15° 7.67+2.08° 6.33+1.530 6.33+0.5820« 7.33+1.15¢%
30% AE 8.67+2.31° 17.00+3.6130cde 12.67+£3.21% 12.33+£3.21¢ 14.334£3.79%%°
> 40% AE 8.33+2.08° 11.33+£3.21¢ 12.33+ 3.05¢ 12.00£3.61° 11.67+1.53%
- 50% AE 13.33+3.79% 15.00+4.36% 8.33+2.082° 11.00+2.65° 8.67+2.31°2
60% AE 9.67+£2.05% 11.67+3.51° 14.00+1.732 10.00+1.73¢ 14.33+3.050¢
70% AE 12.33+0.58¢bc¢ 13.33+2.893e 17.67+4.04% 13.00£2.65° 13.67+1.53%bc¢
80% AE 11.67+0.5820% 18.33+2.89abcde 20.33+0.58% 15.67+0.582000 15.00+2.65%¢
Note: # —p 20.1; *— p <0.05; ** — p <0.01; *** — p <0.001. AE — agueous-ethanol; statistical significance (p <0.05) was established by comparing the studied

mean values of the sample and control mean values, respectively: a — control Fluconazole, b — control Chlorophyllipt, ¢ — control Eucalyptus tincture,
d — control Decasan, e — control aqueous ethanol
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and 1.69 times in extracts with 30% AE, 1.32 times and 1.69 times in 40% AE; 1.55 and
1.43 times in 50% AE; 1.39 and 1.49 times in 60% AE; 1.23 and 1.61 times in 70% AE;
1.59 and 1.73 times in 80% AE; 1.41 and 1.74 times in 95% aqueous ethanol, respec-
tively (Table 1).

Proanthocyanidin. Shoots of highbush blueberry are clearly differentiated by the
content of proanthocyanidins at different stages of development. Proanthocyanidin
content in shoots at the stage of flowering was lower than at other ones (Table 1).
Proanthocyanidins were better extracted using the highest concentration of AE. Our
results indicate a significant content of proanthocyanidins in the shoots of Elliott at
stages II, [l and IV (Table 1).

Antimicrobial activity. The tested aqueous and aqueous ethanolic Elliott shoot
extracts demonstrated various anticandidal activity. The studied aqueous and water-
ethanol extracts of shoots collected at stage | with AE 20, 30, 40, 50% showed low
anticandidal activity (Table 2). Extracts prepared with 60% AE and AE of higher concen-
trations using the same raw material were active in inhibiting the growth of all studied
Candida spp. (Table 2). Extract prepared with 80% AE had the highest activity against
C. kefyr, C. tenuis and C. parapsilosis (inhibition zone 29, 24 and 35 mm, respectively).

Inhibition of all strains of Candida spp. by V. corymbosum extracts dosed at
0.2 mg/mL was equal to or higher than that of Chlorophyllipt, Tinctura Eucalipti, Decasan
and even Fluconazole (Table 3). All investigated Candida strains were non-sensitive to
the used extragents.

Table 3. The effect of control solutions on Candida spp.

Inhibition zone diameter, (mean + SD) mm
Solvent, drug Candida Candida Candida Candida Candida
pseudotropicalis curvata kefyr parapsilosis tenuis
20% AE 6.00+1.00 5.67+0.58 5.67+0.58 6.33+0.58 6.00+0.00
30% AE 6.00+0.00 6.33+0.58 6.33+0.58 5.67+0.58 6.330.58
40% AE 6.67+1.15 6.33+1.53 7.3310.58 6.00+0.00 6.00+1.00
50% AE 6.33+0.58 6.67+0.58 7.67+1.15 7.67+1.15 6.67+1.15
60% AE 6.67+0.58 6.00+1.00 9.33+1.15 6.67+1.15 6.3310.58
70% AE 6.67+1.15 6.00+0.00 8.33+0.58 6.67+0.58 6.67+1.15
80% AE 6.3310.58 6.67+0.58 9.33+1.53 6.33+0.58 5.67+0.58
Tinctura Eucalypti 9.67+0.58 6.33+0.58 22.33+2.52 12.00£1.00  6.33+0.58
Decasan 10.33+0.58 7.67+0.58 11.67+0.58 11.33+0.58  6.33+0.58
Chlorophyllipt 14.33+0.58 9.33 £0.58 8.67+0.58 9.3310.58 9.0040.00
Fluconazole 30.00+0.00 27.67+7.02  30.33#8.74 31.67+2.89 12.33+1.15

Note: AE — aqueous ethanol

Candida strains were insensitive to aqueous and 20%-aqueous-ethanol extracts pre-
pared with raw material of shoots harvested at all investigated stages. Extracts prepared
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with AE of higher concentrations showed higher anticandidal activity. C. pseudotropicalis
strain was sensitive to the extract prepared with 40%-AE and raw material harvested at
stage Il. C. curvata strain was sensitive to the extracts prepared with 60%-AE and raw
material harvested at stages | and Il. C. kefyr strain was sensitive to the extracts pre-
pared with 80%-AE and raw material harvested at stages I, lll and IV, as well as with
70%-AE and raw material harvested at stage Il. C. parapsilosis strain was the most
sensitive to the extract prepared with 80%-AE and raw material harvested at stage |.
C. tenuis strain was sensitive to the extract prepared with 50%- and 60%-AE and raw
material harvested at stage |, 80%-AE and raw material harvested at stages II, Ill and IV.

Correlation analysis was used to explore the relationships between the total phe-
nolics, flavonoids, proantocyanidins and anticandidal activity measured for all shoot
extracts of raw material harvested at four phenological stages (Table 4).

Table 4. Correlation coefficient (r) between the content of BAS and anticandidal activity of
extracts from the shoots of Vaccinium corymbosum cv. Elliott

. Candida Candida Candida Candida Candida

BAS, phenological stage . o )
pseudotropicalis curvata kefyr parapsilosis tenuis

| 0.551 0.641 0.663 0.495 0.795

Total phenolic Il 0.107 0.243 0.019 0.130 0.010
content Il -0.082 -0.382 0.377 -0.034 0.654
\Y 0.359 0.243 0.506 0.264 0.619
| -0.039 0.283 -0.143 -0.330 -0.007
Tatall (evenahls Il -0.617 -0.096 -0.568 -0.278 -0.299
content Il 0.607 -0.696 0.061 0.324 0.604
\ 0.507 0.847 0.456 0.546 0.663

| 0.776 0.784 0.709 0.797 0.847

Total Il -0.640 0.329 0.029 0.079 0.308

proanthocyanidins

content [} 0.330 -0.714 0.515 0.254 0.675
\Y) 0.607 0.444 0.418 0.557 0.406

A high correlation coefficient (r = 0.709-0.847) was found between the total content
of proanthocyanidins in extracts made using raw materials collected at the stage of
flowering and anticandidal activity against all studied Candida species. High correla-
tions indicate the determinig effect of proanthocyanidins on the anticandidal activity of
the extract.

DISCUSSION

A number of studies have shown that the concentration of phenolic compounds in
plant tissues depends on the season and can also vary at different stages of growth
and development (Lynn & Chang, 1990). Changes in the place where plants grow force
them to adapt. Phenolic compounds are produced by plants mainly in tissues that help
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protect against various types of stress, and obviously, they are especially needed in
organs that do not die in winter. We can use this property for our own purposes. The
total content of phenols in many species (including the genus Vaccinium) is consistently
higher in the leaves than in berries (Tian et al., 2016). The obtained results confirm the
changes in the content of phenolics at different physiological phases in the shoots of
V. corymbosum, including at low temperatures in winter.

Activated under low temperatures (like under other stress conditions), phenylpro-
panoid biosynthetic pathway results in accumulation of various phenolic compounds
which, among other roles, have the potential to scavenge harmful reactive oxygen spe-
cies (Sharma et al., 2019). Plants increase synthesis of polyphenols such as flavonoids
under abiotic stress (e.g. low temperature) conditions too, which helps the plant to cope
with environmental constraints (Sharma et al., 2019). Flavonoids are important for plant
resistance to pathogenic bacteria and fungi, partly due to their antioxidant properties
(Mierziak et al., 2014). Flavonoids are known to serve many functions for the plants them-
selves, especially during the flowering and fruiting period. That is, the plant itself needs
them constantly in greater or lesser quantities. We observed a fairly high content of flavo-
noids in the shoots of highbush blueberry cv. Elliott at all stages of development (Table 1).
Differences in flavonoid content at the same stage of development, which we observed,
may be due to different polarity and viscosity of the extracts, as well as their interaction
with different natural compounds, as has been shown with other species (Kajdzanoska
et al., 2011). Proanthocyanidins are also important for plants (Yu et al., 2020).

Flavonoids are found in numerous plants, fruits, vegetables and are known as
the most common phytochemicals which possess a range of multiple pharmacological
effects. These secondary metabolites have been described as potent antioxidants, free
radical scavengers, and metal chelators. The detected biological effects of proantho-
cyanidins were due to their ability to bind proteins, as well as antioxidant, antiradical,
and antibacterial activity. Previous studies showed that leaves of several species of
Vaccinium are obviously poorer in proanthocyanidins than fruits (Riihinen et al., 2008).
Genetic background and environmental factors (temperature and light) are the main
determinants of their content in plants grown in nature and field experimental condi-
tions. Apparently, the mentioned factors account for the accumulation of proanthocyani-
dins in highbush blueberry too (as our results showed).

The content of polyphenolic compounds (flavonoids and proanthocyanidins) is
associated with the value of edible and medicinal products, since they are not synthe-
sized in the human body and at the same time fulfill vital functions in it. In human sys-
tems, habitual intake of polyphenols, as well as flavonoids and proanthocyanidins has
been associated with many health benefits, especially a reduced incidence of cardio-
vascular diseases and with regard to chronic diseases (Fraga et al., 2019; Ruskovska
et al., 2020). The pathogenesis of these and other diseases is closely linked to the
excessive formation and action of reactive oxygen species, thus the possibility of using
antioxidants in food and medicine is important.

In our opinion, the high content of polyphenols in shoots of V. corymbosum culti-
var and the high anticandidal activity of their extracts offer the prospects of using them
for human needs. In each case, a preliminary careful study of the content of different
groups of polyphenols as well as pharmacological properties remains necessary.
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CONCLUSION

Shoots of V. corymbosum of the Elliott variety contain a high content of polyphe-
nols (flavonoids, proanthocyanidins) during the growing season. Aqueous and hydro-
ethanolic extracts of V. corymbosum cv. Elliott shoot affected the growth of the dif-
ferent Candida species. The best anticandidal activity has been shown by V. corym-
bosum shoot extracts prepared with 50-80% AE as extragents. The highest content
of flavonoids (105-123 mg-g' DW in quercetine quivalent) was observed for AE of
winter dormancy (IV) when the highest content of proanthocyanidins (varied within
178-239 mg-g-1 DW in catechine quivalent) has been observed for 40—96% AEs at
vegetation stages Il and IV. High correlations indicate the determining effect of proan-
thocyanidins on the anticandidal activity of the extracts. Thus, the optimal phases of
physiological development of Vaccinium corymbosum L. have been identified during
which the largest amount of biologically active compounds of phenolic nature accu-
mulates in their shoots, and the extracts obtained from them have high anti-candidal
activity. Studies on the effect of these extracts on biofilm formation by various Candida
strains in the oral cavity and vagina will apparently be promising, since the users of
implants and vaginal coils change their microbial ecosystems, and proanthocyanidins
reduce the risks of biofilm formation. It is obvious that such studies should be preceded
by the determination of the composition of various groups of phenolics in extracts with
application of high-performance liquid chromatography coupled with diode array detec-
tor and mass spectrometry as well as high-performance-thin-layer-chromatography. In
a broader sense, the use of V. corymbosum shoots expands the raw material base for
the creation of pharmaceutical preparations.
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CKPUHIHI AHTUKAHOWOO3HOI AKTUBHOCTI EKCTPAKTIB MAIOHIB
VACCINIUM CORYMBOSUM TA BMICTY NMONI®EHONIbHUX CMNONYK
YNPOOOBX BEFETALIUHOIO NEPIOAY

I. B. Sleopcuka’, H. M. Bopo6euw?, H. U. fleopcbka??, P. B. ®aghyna?

' Jlbsigcbkuli HaujoHanbHUl yHisepcumem iMmeHi leaHa ®@paHka
syn. lpywescbkoeo, 4, Jibeie 79005, YkpaiHa

2 Jlbsiscbkuli HayioHanbHUl MeduyHUl yHieepcumem imeHi Januna anuybkoeo, eyrl.
lNekapceka, 69, Jlbeie 79010, YkpaiHa

3 YHisepcumem Mukonu KonepHika, 8yn. Jlbsiecbka, 1, 87—100 TopyHb, Pecrny6bnika MNonbwa

O6rpyHTyBaHHA. KoMnnekcHuin aHania BMiCTy nonidpeHonis (dnaBoHoIgiB i npo-
aHToUiaHianHIB) Byno BMKOHAHO Yy BOAHMX Ta BOLHO-ETAHOMbHUX EKCTpaKTax MaroHiB
Vaccinium corymbosum L. (noxvHu BUCOKopocnoi) copTy Ennior.

MaTepianu Ta meToaun. B LbOMYy OOCRIKEHHI SIK €eKCTpareHT! BUKOPUCTOBYBanu
Bogy Ta BogHwui etaHon (BE) pisHMX KOHUEHTpaLii, @ pOCIMHHY CMPOBUHY — MaroHu
noxmHu Bucokopocnoi (V. corymbosum), 3ibpaHi y dpasax ugiTiHHA (1), NNOAOHOLIEHHS
(1), micna nnogoHoweHHs (11l), noyaTtky 3umoBoro cnokoto (1V).

AHTVKaHOMAO3HY aKTUBHICTb BOAHMX i BE ekCTpakTiB BUBYaNM Ha M'ATW WTaMax
rpmbis: Candida pseudotropicalis (Kluyveromyces marxianus ATCC 4922= VKMY-922),
C. curvata (Cutaneotrichosporon curvatus ATCC 10567=VKMY-2230), C. kefyr
(Kluyveromyces marxianus VKM Y-459), C. parapsilosis ATCC 22019=UKMY-
731=VKMY-58 i C. tenuis ATCC 10573=UKMY-15251 (Yamadazyma tenuis
ATCC 10573=VKM Y-70). Obpobnsanu ekcTpaktamu, Wob AocniguTy ixXHin BNIvB Ha
PICT LMX MIKpOOpPraHi3MiB in vitro Ta NOPIBHATU 3 KOMEPLINHO AOCTYNHUMWU POCIIUHHUMMU
NIKAPCbKMMWN  eKCTpakTaMu 1N aHTUCEeNTUYHUMMK npenapatamu.  AHTUKaAHAUOO03HY
aKTUBHICTb MOpPIBHIOBaNM 3i 3aranbHMM BMICTOM (DEHOMbHUX cnonyk (craBoHoIaiB
i NpoaHTOLiaHiaMHIB).

PesynbraTtn. BcTaHOBNEHO, WO KOHUEHTpaUis PeHOMNbHNX Cromnyk B eKCcTpakTax
naroHiB V. corymbosum cyTTe€BO 3anexana Big eKcTpareHTiB i ctagii poCcTy POCIUH.
CymapHun BMIiCT (PeHOMNMbHMX CMOMYyK Y BOOHO-€TAHOMbHUX eKcTpakTax OyB 3aranom
BULLMM, HIXX Yy BOOHUX, | 3anexas Big koHUeHTpauii BE. Haneuwmin Buxig deHonbHUX
crnonyk oTpumaHo y pasi BukopuctaHHsa 40-80%-BE, npnyomy Ha Bcix gocnigxyBaHuX
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cTagisx. Hanbinbwwii BMicT doriaBoHoigie (105,2—121,8 mr-r'cyxoi macu y nepepaxyHky
Ha KBEpLETUH) 3adikcoBaHO Ha cTagii a3umoBoro crnokoto (1V). BmicT npoaHTouiaHign-
HiB 6yB HamBuwmm Ha Il Ta IV ctagisx i 3 40—96% BE sk ekcTpareHTiB, a ixHin BMICT
KonuBascs B Mexxax 178-239 mr-r! cyxoi Macu B nepepaxyHKy Ha kaTexiH. EkcTpakTu,
aki Oynm BurotoBneHi 3 40-80% BE, matoTb BupaxeHy iHribiTOpHy Aito Wwoao BCix Jocri-
oxkeHux Bugie Candida, ane makcumarnbHa 30Ha iHMOyBaHHSA OKPEMOIO LUTaMy MOXE
OyTu pisHoto. Bucoki kopensuii ceig4atb Npo BM3HaYanbHUM BNANB NPOaHTOLiaHiaNHIB
Ha aHTMKaHOMAO3HY aKTUBHICTb EKCTPAKTY.

BucHoBKK. 3a pesynbratamu OocnigkeHHsi, naronHu Vaccinium corymbosum
MOXYTb MaTu NepCcrnekTUBHI BNaCTUBOCTI B NIATPUMYIOYI Tepanii K aHTUKaHaNO03Hi.

Knrovoei crioga: naronn Vaccinium corymbosum copty Enniot, deHonbHi
pevyoBMHU, (braBoOHOIAN, NPOAHTOLaHIgMHW, aHTUKaHANO03Ha
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