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The aim of the study was to determine the degree
of antimicrobial activity of the anthocyanin complexes
of Aronia melanocarpa (Aronia melanocarpa), black
currant (Ribes nigrum), elderberry (Sambucus nigra)
with reference culture Staphylococcus aureus ATCC
25923, Escherichia coli ATCC 25922, Bacillus subtilis
ATCC 6633, Pseudomonas aeruginosa ATCC 27853,
Candida albicans NCTC 885-853. The highest degree
of microbiological sensitivity of bacterial cultures
Staphylococcus aureus, Escherichia coli, Bacillus sub-
tilis, Pseudomonas aeruginosa was observed in the
native form of anthocyanin complexes derived from
black currant (Ribes nigrum), Escherichia coli and
Bacillus subtilis — to the anthocyanins in native form,
derived from elder black (Sambucus nigra), which
indicates their high antimicrobial activity against the
microorganisms mentioned above. Reducing the con-
centration of anthocyanins in alcoholic extract at dilu-
fion in the ratio of 1:1 and 1:2 significantly decreased
the microbiological sensitivity of microorganisms to
them Staphylococcus aureus, Escherichia coli, Bacil-
lus subfilis, Pseudomonas aeruginosa. When survey-
ing the effects of anthocyanin complexes from Aronia
melanocarpa, Ribes nigrum, Sambucus nigra on Can-
dida albicans fungi culture, no sensitivity was estab-
lished, which indicates the absence of antimycotic
activity of the above complexes in laboratory condi-
tions in vitro.

Keywords: anthocyanin complexes, antimicrobial
activity, Aronia melanocarpa, Ribes nigrum, Sambu-
cus nigra, Staphylococcus aureus, Escherichia coli,
Bacillus subtilis, Pseudomonas aeruginosa, Candida
albicans

Introduction. The evaluation of the effectiveness
of the use of plant extracts in medicine as natural anti-
oxidants and immunomaodulators for the treatment of
human diseases is a very relevant area of research
[1-4]. Some recent studies of elongated herbs have
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indicated high levels of polyphenols, anthocyanins,
quercetin and vitamin C that can exhibit antioxidant
action. It is also known that anthocyanins have pro-
nounced anticarcinogenic, antimicrobial and anti-
inflammatory effects and antidiabetic properties [5].
Plants of Ukrainian flora today are widely used in the
treatment of various diseases, due to the high biologi-
cal activity of their active substances, the absence of
side effects and contraindications, which makes them
irreplaceable in the treatment of cardiovascular, endo-
crine, cancer and other human pathologies [6-8]. Re-
searchers are significantly interested in antimicrobial
properties of flavonoids. Today mechanisms of influ-
ence of quercetin on gram-positive bacteria, flavon-
oids — on bactenia of the genus Staphylococcus, the
antimicrobial action also have anthocyanins are well
known [9, 10]. However, it should be noted that the
antimicrobial properties of berry extracts (aronia, cur-
rants and elderberry) and their influence on specific
microorganisms — human pathogens have not been
sufficiently studied today. Also, the issues of the influ-
ence of antimicrobial substances, in particular, the
anthocyanins of individual berries on the microflora of
the gastrointestinal tract, on the growth and develop-
ment of the organism, antioxidant properties, as well
as the possibility of their use in the treatment of in-
flammatory processes, which determines the rele-
vance of our research, remain unclear.

The Aim of the Study was to determine the de-
gree of antimicrobial activity of the anthocyanin com-
plexes of Aronia melanocarpa (Aronia melanocarpa),
black currant (Ribes migrum), elderberry (Sambucus
nigra) with reference culture Sftaphylococcus aureus
ATCC 25923, Escherichia coli ATCC 25922, Bacillus
subtilis ATCC 6633, Pseudomonas aeruginosa ATCC
27853, Candida albicans NCTC 885-653.

Materials and Methods. The research was
conducted at the Department of Microbiology, Virology
and Immunology at the WNational University of
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Pharmacy (Kharkiv) in 2017. The object of the re-
search was three experimental samples of the prepa-
rations of anthocyanin complexes, obtained from Aro-
nia melanocarpa, black currant (Ribes nigrum), elder-
berry black (Sambucus nigra). Anthocyanin com-
plexes (ACC) containing anthocyanidin glycosides
were obtained by extraction (Rudakov et al., 2004).
The determination of antimicrobial activity was carned
out by diffusion method in the agar gel, according to
the State Pharmacopoeia of Ukraine, in five replicates
with each sample of ACC. According to World Health
Organization recommendations, for the evaluation of
the activity of the drugs, reference cultures of Staphy-
lococcus aureus ATCC 25823, Eschenichia coli
ATCC 25922, Bacillus subtilis ATCC 6633, Pseudo-
monas aeruginosa ATCC 27853, Candida albicans
NSTC 885-653 were used. The purity of each culture
of the microorganism was confirmed by typical mor-
phological, tinctorial, cultural and biochemical proper-
ties. Bacteral reference cultures were cultivated on
meat-peptone agar at 37 °C for 24 hours, Candida
fungi culture — on Saburo agar at 25 °C for 48 hours.
During the study, suspensions of microbial cultures
were made. For that, they washed away the microbial
mass from the surface of the nutrient medium with a
sterile suspending fluid containing 9 g/l sodium chlo-
ride and 1.00 g/l peptone. Microbial loading (according
to McFarland standard) was 107 microbial cells per 1
ml of medium. 18-24 h culture of microorganisms and
Mihler-Hinton agar were used in the work. Determina-
tion of antimicrobial activity was carried out by diffu-
sion method in agar ("wells" method) on two layers of
a solid nutrient medium in Petn dishes. In the lower
layer, a "hungry" non-seeded medium was used,
which is a 10 mm high substrate, on which 3 thin-
walled cylinders made of stainless steel with a diame-
ter of 8 mm and a height of 10 mm were mounted
horizontally. Above the cylinders the upper layer of a
nutritious agar medium (melted and cooled to 40 °C,
which was introduced by the standard of reference
culture of the microorganism, was filled. The volume
of the medium for the upper layer ranged from 14 to
16 ml. After cooling the agar, the cylinders were ex-
tracted with sterile tweezers and specimens of antho-
cyanine complexes in native form and in dilutions of
1:2, 1:4 in a sterile saline NaCl solution were placed
into these wells. The cups were left for 30 minutes at
room temperature, and then placed in a thermostat —
bactenal cultures at 37 °C for 18-24 hours, a culture
of yeast fungus at 25 °C for 48 hours. After incubation,
on the background of a uniform bactenal lawn, the
presence or absence of a growth inhibition zone
around the discs was evaluated. During the evaluation
of the results, the following criteria were taken into
account. absence of zones of inhibition of the growth
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of reference crops around the wells; zones of growth
retardation of microorganisms up to 11 mm indicated
the insensitivity of microorganisms to the drug intro-
duced into the well, The growth retardation zones of
reference cultures with a diameter of 11-15 mm indi-
cated a low sensitivity of culture; zones with a diame-
ter of 15—-25 mm were evaluated as an indicator of the
average microorganism sensitivity to the drug; areas
of growth inhibition of reference crops, which ex-
ceeded 25 mm - high sensitivity of microorganisms to
ACC. The statistical analysis of the data was carried
out with the help of the computer program Statsoft
Statistica v. 10.0 The comparison of the obtained re-
sults of microbiological research was carried out ac-
cording to the non-parametric Wilcoxon criterion with
the definition of the median (Me) and percentile (25%—
75%), p<0,05 [11]. An estimation of the integral value
of the antioxidant activity of the experimental ACC
was carried out by the potentiometric method: an elec-
trochemical cell with platinum and chloride-silver elec-
trodes, a differential voltmeter B2-24, a mediator sys-
tem K3 [Fe (CN)]s / K4 [Fe (CN)]s, the analytical signal
is the current in the oxidation of the molecules re-
quired for the recovery of Fe* - Fe™ ions by the ex-
tract of the anthocyanine complex. According to the
results of the analysis of anthocyanins by the method
of high-performance liquid chromatography and chro-
matographic mass spectrometry, the main compo-
nents of the extracts are various anthocyanic gly-
cosides [12-15]. Standard samples — solutions of gal-
lic acid, analysed the changes in the potential of Me™
ox / Me™ red from the galacic acid concentration as
function f (mV) = C.

Results and Discussion. When examining anti-
bacterial properties of anthocyanin complexes derived
from black currants, black elder and aronia, it was
found that in the native form ACC from black currant
had the best antibacterial properties — the highest
sensitivity was observed in all tested microorganisms.
Escherichia coli and Bacillus subftilis had a high sensi-
fivity to the ACC of the elderberry of the black and
blue-green aronia, and Staphylococcus aureus and
Pseudomonas aeruginosa — a moderate sensitivity
(Table).

In the dilution of 1:1, a high sensitivity of black
currant to ACC was observed only in Bacillus subiilis,
the rest microorganisms had a moderate sensitivity.
Staphylococcus aureus, Pseudomonas aeruginosa
and Bacillus subtilis had a medium sensitivity to ACC
from elderberry black, E. coli had low-sensitivity. Ba-
cillus subftilis infectious culture had an average sensi-
tivity to the ACC from aronia, a culture of Staphylococ-
cus aureus was insensitive. In the dilution 1:2, the
average sensitivity to ACC of black currant and elder-
berry black was observed only in B. subtilis. The
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Table — Results of study of antimicrobial and antioxidant activity plant’s anthocyanin complexes (Me, 25%—75%)

Anthocyanin ) Staphylococcus o .| Pseudomonas , . Antioxidant
complexes Concentration aureus Escherichia coli aeruginosa Bacillus subtilis activity, mg/g
Native 27.00* 36,00* 27.00* 31.00*
form 27.00-28.00 35,0-37.0 26.00-28.00 30.00-32.0
Ribes 11 20.00* 17.00* 23.00* 25.00" 447
nigrum ; 19.00-22.00 16.00-18.00 22.00-24.00 25.00-27.00 '
; 21.00*
12 0 0 0 21.00-22.00
Native 21.00* 32.00" 24.00* 31.00"
form 20.00-22.00 32.00-33.00 24 00-25.00 30.00-32.00
Sambucus 11 17.00* 14.00™* 18.00™ 23.00™ 491
nigra : 16.00-19.00 13.00-15.00 18.00-19.00 22.00-24.00 '
. 18.00™
= - - - 17.00—18.00
Native 22.00* 34.00% 17.00** 29.00*
Ao form 21.00-23.00 33.00-35.00 16.00-18.00 29.00-31.00
ronia
: 14.00%** 20.00** 436
melanocarpa = 13.00-15.00 - - 19.00-21.00
12 0 0 0 0

Notes: * — high sensitivity (=25 mm); ** — average sensitivity (15-25 mm); ** — low sensitivity (11-15 mm); 0 — no sensi-

tivity.

mechanism of action of ACC on microorganisms, ob-
viously, is aimed at the destruction of cell walls and
inhibition of nutrition of microbial cells. When investi-
gating sensitivity to ACC from Candida albicans fungi,
their antimycotic effect in vitro was not established.
The mechanisms underlying the anthocyanin activity
include both the membrane and intracellular interac-
tions of these compounds. The antimicrobial activity of
anthocyanins contained in fruits is most likely due to
multiple mechanisms and synergies, since they con-
tain wvarious compounds, including anthocyanins,
weak organic acids, phenolic acids and mixtures of
different chemical forms. Today the antimicrobial ac-
tivity of crude extracts of phenolic compounds of vari-
ous fruits (mainly berries) against human pathogens is
extensively studied, however, there is lack of informa-
fion about the antimicrobial activity of pure antho-
cyanins. As a rule, anthocyanins are active against
different microbes, however gram-positive bacteria
are usually more susceptible to the action of antho-
cyanin than gram-negative bacteria. A general study
demonstrates the potential of anthocyanin extracts as
natural alternative effective antimicrobial agents. In
addition, the ability of the extract to reduce adhesion
without reducing bacterial growth declines the prob-
ability of developing resistance while reducing the
likelihood of infection. In assessing the antimicrobial
properties of anthocyanins contained in the extract of
Viburnum opulus fruits, there has been a significant
inhibition of the growth of a wide range of human
pathogenic bacteria, both gram-negative (Salmonella
typhimurium and Salmonella agona) and Gram-
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positive (Staphylococcus aureus, Lysteria monocyto-
genes and Enterococcus faecalis). In contrast, the
yeasts of Debaryomyces hansenii and Torulaspora
delbrueckii have shown a complete resistance to an-
thacyanins of the fruit of the Kalina, whereas their low
sensitivity was demonstrated in Trichosporon cuta-
neum, Kluyveromyces marxianus, Saccharomyces
cerevisiae, Saccharomyces cerevisiae 12R and Can-
dida parapsilosis [16].

A number of authors noted that blueberry contains
a significant amount of flavonoids, with which a num-
ber of beneficial effects for human health are associ-
ated. The effect of the extract of bilberry (Vaccinium
angustifolium) on two major etiological components
periodontitis, multifactorial disorders affecting the sup-
porting structure of the teeth was studied. Phenaolic
acids, flavonoids (flavonols, anthocyanins) and pro-
cyanidins accounted for 16.6 and 12.9% of blueberry
extract, respectively. Bilberry extract showed its anti-
bactenal activity (minimal inhibitory concentration —
1 mg/ml) against the parodontopathogenic bacterium
Fusobacterium nucleatum (Gram-negative anaerobic
non-spore-forming bacteria). Also, the blueberry ex-
tract at 62.5 pg/ml inhibited the formation of Fusobac-
terium nucleatum biofilm by 875 + 2 3%_ Also, it has
been found by the authors that there is an inflamma-
tory action bilberry extract. This double antibacterial
and anti-inflammatory effect of bilberry polyphenols
suggests that it can be a promising candidate for new
therapeutic agents [17].

Often, urinary tract infection is a major problem for
elderly people, and the basis for treatment is antibiotics.
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The increasing prevalence of bacteria that cause
urological disorders, resistant to antimicrobial agents,
has stimulated interest in specific nutrients, such as
cranberries, to prevent recurrence of urinary tract in-
fections. Chokeberry (Aronia melanocarpa) is a rich
source of phenolic substances, and thus, the dietary
intake of black juice of black chokeberry can reduce
the number of urinary tract infections requiring treat-
ment. The authors have suggested daily use of juice
of black chokeberry with a high content of total phe-
nols (715 mg of gallic acid equivalent, 100 ml (-1)),
including B-type procyanidins, anthocyanins and
chlorogenic acids. The results have not revealed an
immediate decrease in the incidence of urinary tract
infections or the general use of antibiotics. However,
during the subsequent 3-month period of administra-
fion of juice in the groups, a decrease in the doses of
antibiotics to 55% in relation to pathogens of the ur-
nary tract was observed [18]. It is known that species
of wild berries exhibit a wide range of pharmacological
actions. They have long been traditionally used for
antiseptic, antimicrobial, cardioprotective and antioxi-
dant properties. The authors have also investigated
the potential of selective antiviral activity of common
methanol extracts, as well as anthocyanins and
nonanthocyanins from certain berries: strawberries
(Fragaria vesca) and raspbemmes (Rubus idaeus) of
Rosaceae family, bilberry (Vaccinium myrtillis) and
cowberry (Vaccinium vitis-idaea) Ericaceae. The anti-
viral effect was tested against viruses of families Pi-
cormnaviridae, Paramyxoviridae, Orthomyxoviridae,
pathogenic for humans, in which chemotherapy and
chemoprophylaxis is indicated. The results have
shown that the extracts tested for all berries inhibit the
replication of the virus CV-B1 (Picornaviridae) and
influenza A (Orthomyxoviridae). CV-B1 is most inhib-
ited by both blueberries and strawberries, and also
extracts of magnolia vine, and influenza A — by ex-
tracts of blueberries and strawberries. The anthocya-
nin fractions of all wild berries significantly inhibit the
replication of the A / H3N2 influenza virus, therefore
some wild berries can be a valuable resource of anti-
viral substances [19]. A number of authors studied the
antimicrobial properties of anthocyanins of blueberry
(Vaccinium angustifolium) against Escherichia coli
0157: H7, Listerra monocytogenes, Salmonella Typhi-
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murium and Lactobacillus rhamnosus. It has been
established that blueberry anthocyanins suppress the
growth of intestinal pathogens and do not affect the
probiotic L. Rhamnosus [20]. We have established the
antibactenal properties of ACC from the black currant
against Escherichia coli, Bacillus subtilis, Staphylo-
coccus aureus and Pseudomonas aeruginosa. The
study has found that there is a significant inhibition of
the growth of the studied organisms. Escherichia coli
and Bacillus subtilis have shown a high sensitivity to

ACC, Staphylococcus aureus and Pseudomonas

aeruginosa have shown a middle one. In the study of

sensitivity to ACC from Candida albicans fungi, their
antimycotic effect in vitro was not established.
Conclusions

1. The highest degree of microbiological sensitivity of
bacterial cultures Staphylococcus aureus, Es-
cherichia coli, Bacillus subtilis, Pseudomonas
aeruginosa, derived from black currant (Ribes ni-
grum), was observed to anthocyanin complexes in
the native form; Escherichia coli and Bacillus sub-
tilis, obtained from elder black (Sambucus nigra) to
the anthocyanin complexes in native form. It indi-
cates their high antimicrobial activity against the
microorganisms mentioned above.

2. The decrease in the concentration of anthocyanin
complexes in the alcohol extract at dilution in the
ratio of 1:1 and 1:2 significantly reduced microbi-
ological sensitivity to these microorganisms of
Staphylococcus aureus, Escherichia coli, Bacillus
subtilis, Pseudomonas aeruginosa.

3. In the study of the effects of anthocyanin complexes
from Aronia melanocarpa, Ribes nigrum, Sambucus
nigra on Candida albicans fungi culture, no sensitiv-
ity was established, which indicates the absence of
antimycaotic activity of the above complexes in labo-
ratory conditions in vitro.

4. Anthocyanin complexes obtained from Aronia
melanocarpa, Ribes nigrum, Sambucus nigra are
complex according to the chemical composition of
the compound for which the integral value of anti-
oxidant activity extracts of the samples under study
is a quantitative estimate of the total content of the
bioflavanoid that determines their antimicrobial ac-
tivity in vitro.

Prospects for Further Research. The authors
have plans to study the antimicrobial activity of antho-
cyan complexes of other berries in Ukraine.
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AHTUMIKPOBHA TA AHTUOKCUOAHTHA AKTUBHICTE

AHTOLIIAHOBUX KOMMNEKCIB OEAKUX BUAIB AriA B YKPAIHI

®iniMmoHoea H. I., Mneboea K. B., Wakynx O. A., Tiwenko I. HO.,

Bocenko 0. J1., Jomapeoe A. M., Kpuykoeckbka J1. B., Mlop6au T. B.

Pezome. Y gocnigweHH! po3rnAHYTO NMTAHHA BU3HAYEHHA CTYNEHS aHTUMIKPODHOT aKTMBHOCTI aHTOUIAHOBMX

komnnexcis Aronia melanocarpa (Aronia melanocarpa), YopHol cMopoguiu (Ribes nigrum), Byswnm (Sambucus
nigra) 3 eTanoHHKMK KynNbTypamu Staphylococcus aureus ATCC 25923, Escherichia coli ATCC 25922, Bacillus
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