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Inhibition of the growth of gram-negative bacteria by anthocyanins of berries fruits. — Konecnda M., Sedlik V.,
Tkacikova L., KSonZekova P., Mydlarova-Blaséikova M., Grulova D., Galovd J., Gogalovai Z., Babejovi A.,
Vaskova H., Avukova A., Mirutenko V.S., Nagy M., Pordacova J. — Plants contain biologically active compounds
useful in the prevention and therapy of different types of diseases. Polyphenol compounds, especially anthocyanins are
the subject of extensive research in view of their biological activities. Anthocyanins are rich in their antimicrobial
effects especially. The aim of this study was to assess the antimicrobial effect of extracts rich on anthocyanins prepared
from the berry fruit (Vaccinium myrtillus L., Aronia melanocarpa L. and Sambucus nigra L.) by acetone and ethanol
extraction. The effect of the extracts on the growth of Gram-negative bacteria (Escherichia coli, Salmonella enterica
ser. Typhimurium, Pseudomonas aeruginosa, Enterobacter aerogenes) using the plate diffusion method was evaluated.
Based on the results it can be stated that the anthocyanins isolated from berries reached some degree of antimicrobial
activity. The bacterial strain of E. coli was the most sensitive to the action of tested extracts. The best antimicrobial
activity was found in Vaccinium myrtillus ethanol extracts against gram-negative bacteria. Ethanol extracts were more
effective compared to the acetone extracts. In conclusion, the berry fruits important in human nutrition as an important
group of natural antioxidants. It can also acts as preventive and therapeutic agents _for various bacterial infections.
Keywords: agar diffusion method, antimicrobial activity, bacterial strains, plant extracts.
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Ilpucniuenna pocmy zpammezamugHux Oaxmepii anmouianamu A2ioHux nnooie. — Koneuna M., Ceonax B.,
Txauixoea JI., Kwonxcexoea II., Muonaposa-Bnawuaxosa M., Ipynvosa /I., Ianvoea A., Ioranvosa K., Babeiiosa
A., Bawkosa I'., Agykosa A., Mipymenko B.C., Hoov M., Ilopauosa A. — Pociunu micmams 0iON02TYHO aKMUGHI
CNOMYKU, WO MONCYMb OYMU SUKOPUCMAHHA 0N NPOQINAKMUKY Ma JiKY8aAHHA pI3HUX 6UOI6 3aX80pPI8AHb.
Ionigpenonvri cnonyxku, ocooauso aHmoyianu, € npeomMemom NoIUOIeHUX O0CNIONHCeHb 3 027A0Y HA iX 6i0N02iuHY
akmusHicmb. Ocobugo 6axciugum € 6 YbOMy BIOHOWIeHHI € aHMUMIKpOOHa Oia anmoyianie. Memoto yboco
docnioxcentst Y0 OYiHUMU AHMUMIKPOOHY O0il0 eKCmpakmis, 6azamux Ha AHMOYIanu, KL OYau 6U20MOGIeHl 3 NI00i6
Vaccinium myrtillus L., Aronia melanocarpa L. ma Sambucus nigra L. winisixom excmpakyii ayemonom ma emanoiom.
Oyineno enaue excmpaxkmieé Ha picm epamuecamuenux Oaxmepiu (Escherichia coli, Salmonella enterica ser.
Typhimurium, Pseudomonas aeruginosa, Enterobacter aerogenes) memoodom ou@ysnoi naacmuuku. Ha niocmaei
OMPUMAHUX Pe3YTbMAmie MOJCHA CMEEpOdICy8amu, wo 6UOLIeHl 3 A2i0 aHMOYIAHU NPOAGIAIOMb, 6 NeGHIU MIpI,
aHmumikpobny axkmuenicmo. LlImam b6axmepiu E. coli 6ys naubinouwr uymausum 00 Oii unpoOy8aHUX eKcmpaxmis.
Haibinowa anmumikpobna axmusHicme @usgiena 6 excmpakmax emanony Vaccinium myrtillus  npomu
epamuezamugHux 6axkmepii. Emanonosi excmpaxkmu Oynu 6inowi epexmusHuMu 6 NOPIGHAHHI 3 AYEMOHOBUMU
excmpaxmamu. Cnio 8iomimumu, wo NI00u O0CHIONCEHUX BUOI8 POCIUH € BANCTUBUM KOMNOHEHMOM V XAPYy8AHHI
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JIOOUHU, SIK BAICIUBA 2PYNA NPUPOOHUX aHmuokcuoanmie. IIpupooni anmoyianu maxodic 0itoms K NpoQinakmuurul
ma mepanesmuyHull 3aci6 npu pisHux OaxmepiarbHux inpexyisx.
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Introduction

Increased interest in the chemical composition of
berry fruit was due to the emergence of its positive
effects on human health.Polyphenolic compounds
including anthocyanins possess antimicrobial
activity against a wide range of microorganisms,
especially in inhibiting the growth of food-borne
pathogens. Anthocyanins exhibit antimicrobial
activity through several mechanisms, such as
induced cell damage by destroying the cell wall,
membrane, and intercellular matrix (Khoo et al.
2017). Berry fruit is a rich source of various
bioactive substances that have an interesting
biological activity. It is rich in fiber, vitamins,
minerals, organic acids and various phenolic
compounds, including anthocyanins. They can
absorb visible light and as colored substances are
responsible for the characteristic blue to violet
coloring of berries(Puupponen-Pimidet al. 2005).
Anthocyanins as secondary metabolites play an
important role in chemical protection against
various pathogens. For example, blueberries have
been used as medicinal plants in the treatment of
diarrhea, urinary tract infections and also in night
vision improvement (Escribano-Bailonet al. 2004).
It is also known in folk medicine that the elderberry
extract provides relief and can help in urinary tract
diseases. This effect was due to the antibacterial
effects of anthocyanins. Some studies show that
regular consumption of elderberry juice has been
able to reduce the incidence of bacteriuria and
pyuria in the elderly patients (Padmavati et al.
1997). Proantocyanidines and anthocyanins are
considered as active ingredients in the elderberry
extract (Howell 2002).

A similar effect was found with blueberry
extracts. Antimicrobial activity against
Staphylococcus aureus was found in studies with
fractions containing anthocyanins in blueberry
juice. Recent studies suggest that the antimicrobial
activity of berry fruits has an effect on the behavior
and responses of human pathogenic bacteria. They
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point out those bioactive compounds in berry fruits
can act as new antimicrobial agents that can affect a
wide range of pathogens and thus overcome
antibiotic resistance problems (Puupponen- Pimii
et al. 2005). Zhao et al. (2009) investigated the in
vitro antimicrobial activity of Mayszea purpurea
polyphenol extract and found its inhibitory effect
on the growth of Salmonella enterititis,
Staphylococcus aureus, and Candida albicans, but
no effect on E. coli. The extract with the highest
concentration of anthocyanins had the best
inhibitory effect, with the antimicrobial effect
mainly related to cyanidine derivatives. Despite the
inhibition of the growth of various pathogenic
bacteria, the phenolic extracts of berry fruits did not
show antibacterial activity against prebiotic
lactobacilli  (Puupponen-Pimia et al. 2001;
Puupponen-Pimia et al. 2005). Molan et al. (2009)
in their study confirmed a significant increase in
Lactobacillus rhamnosus and Bifidobacterium
breve in human after blueberry extract application
as well as in the intestinal content of rats fed with a
feed enriched with blueberry extract. They pointed
out the prebiotic effect of blueberry extracts
enriched with anthocyanins.

In vitro experiments have shown
antibacterial properties against gram-positive as
well as gram-negative bacteria such as E. coli.
However, anthocyanins failed to inhibit the growth
of Salmonella typhimurium (Puupponen-Pimid et
al. 2005). As an mechanism of the antimicrobial
effect of polyphenols, it has been suggested that
after passing through the cell wall due to reactions
with intracellular molecules, the metabolism of
bacteria is affected (Leitao et al. 2005). In parallel,
complex polyphenols such as proanthocyanidins
with bacterial adhesion interact on the surface of
the host cell, while bindings of polyphenols to
proteins induce changes in cell wall structure and
integrity (Foo et al. 2000; Puupponen-Pimié et al.
2005). These positive effects of anthocyanins
indicate the ability to cleave lipopolysaccharides on
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the outer bacterial membrane and thereby affect
their vitality (Wuet al. 2004).

Anthocyanin-rich ~ extracts, such as
blueberryinhibit Gram-negative bacteria but not
Gram-positive bacteria. This variation may be due
to the different structures of cell wall between
Gram-negative and Gram-positive bacteria, in
which the outer membrane of Gram-negative
bacteria acts as a preventive barrier against
hydrophobic compounds but not on hydrophilic
compounds. These antimicrobial activities of
anthocyanin-containing extracts are possibly due to
the multiple mechanisms and synergistic effects of
various phytochemicals in the extracts, including
anthocyanins, weak organic acids, phenolic acids,
and their mixtures of different chemical forms.
Thus, the antimicrobial effect of chemically
complex compounds instead of solely anthocyanins
should be extensively analyzed. Also, anthocyanins
in purple, red, and blue-colored fruits and
vegetables are the main bioactives in preventing
microbial infection by several mechanisms (Khoo
etal. 2017).

Material and Methods

Testing of antibacterial effects was performed
using the plate agar diffusion method. Acetone and
ethanol extracts of blueberry (Vaccinium
myrtillus L.), elderberry (Sambucus nigra L.), black
aronia (Aronia melanocarpa L.) and four gram-

negative bacterial strains (Escherichia coli,
Salmonella entericas ser. Typhimurium,
Pseudomonas  aeruginosa and  Enterobacter

aerogenes) were used. After 24 hours cultivation at
37°C, the bacterial strains were diluted with
phosphate buffered to a concentration of 0.5-1.0 of
McFarland scale. A 0.1 ml of suspension was
inoculated into 100 ml of tempered liquid agar
(Standard plate count agar, Oxoid). It was then
poured in a 20 ml volume onto Petri dishes (900
mm diameter). After solidification, wells (5 mm
diameter) were cut into agar and filled with 50 pl of
samples. Extracts of different concentrations (1,
2.5, and 5 mg/ml) were diluted in 0.01% acetic
acid. Gentamycin sulfate was used as a positive
control, 0.01% acetic acid was used as a negative
control. Plates were then incubated at 37°C for 24
hours.

Bounded inhibition zones with a diameter
proportional to the concentration of the tested
extract were observed on inoculated agar. The
antibacterial effect of the extracts was recalculated
according to the formula:

%RIZD = (IZDsample - IZDnegative control) /
IZDpositiveconrolX 100
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RIZD (Relative Inhibition Zone Diameter) — %
of average relative inhibition zone

1ZD (Inhibition Zone Diameter) — diameter of
the inhibition zone, mm.

All bacterial inhibitory tests were conducted
in triplicate and repeated three times. Data were
collected and the significant differences were
assessed with the probability associated with a one-
tailed Student’s t-test. Statistical analyses were
performed using Microsoft Excel and Statistica
ver.12.

Results

Table 1 shows the results of the antimicrobial
effects (RIZD %) of the tested extracts.The best
antibacterial effect of the extracts was reported in
the gram-negative E. coli bacterium.Ethanol extract
of blueberry, aronia and elderberry was effective at
all three concentrations compared to acetone
extract of elderberry, whose inhibitory effect was
not observed.The same results were also observed
with bacteria Salmonella typhimurium. Growth
inhibitory activity has not been demonstrated in the
acetone extracts of Aronia melanocarpa and
Sambucus nigra. The growth of Enterobacter
aerogenes was negatively affected by all ethanol
extracts, with the highest antibacterial activity
exhibited by aronia extract. The inhibitory effects
of acetone extracts were not observed with
Enterobacter aerogenes. The exception was the
acetone extract of aronia, in which we observed an
inhibitory effect at a 5 mg.ml™' concentration.

The moderate antimicrobial effect of acetone
extracts (% RIZD = 50 — 100) and a weak (% RIZD
< 50) antibacterial effect was showed only in
extract of Vaccinium myrtillus and Sambucus nigra
applied to all gram-negative bacteria (E. coli,
Salmonella typhimurium, Enterobacter aerogenes,
and Pseudomonas aeruginosa). The results are
shown in Table 1. The strongest antimicrobial
effect of all extracts was observed in ethanol
extract of aronia at a concentration of 5 mg.ml”
(% RIZD = 123.3). In contrast, the antimicrobial
effect of the acetone extract from the elderberry
was not confirmed in any of the three
concentrations on the growth of tested Gram-
positive bacteria strains.

Discussion

The antimicrobial activity of phenol compound
plant extracts against human pathogens is
intensively studied to characterize and develop
modern healthy food ingredients as well as medical
and pharmaceutical products.
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Table 1. Evaluation of antimicrobial effects (RIZD %) of tested berry fruit extracts

Salmonella

Sample Concentra}ion, Eschert:chia enterica ser- Enterobacter PseudO{nonas
mg.ml coli Typhimurium aerogenes aeruginosa
1 0 0 0 0
VMA 2.5 24.1 7.4 0 15.6
5 52.6 24.1 0 34.4
1 32.9 24.6 133 14.1
VME 2.5 70.2 53.7 46.7 39.1
5 103.1 91.7 75.6 64.2
1 0 0 0 0
ARA 2.5 28.5 0 0 235
5 72.4 14.8 233 329
1 41.7 11.1 0 32.9
ARE 2.5 78.9 48.1 73.3 58.7
5 109.6 66.7 123.3 70.4
1 0 0 0 0
BCA 2.5 0 0 0 0
5 0 0 0 0
1 24.1 17.9 0 0
BCE 2.5 61.4 44.7 13.3 235
5 81.1 78.3 26.7 36

VMA —Vaccinium myrtillus acetone extract, VME-Vaccinium myrtillus ethanol extract, ARA-Aronia melanocarpa
acetone extract, ARE — Aronia melanocarpa ethanol extract, BCA — Sambucus nigra acetone extract, BCE —Sambucus
nigra ethanol extract. RIZD% < 50%: weak effect; RIZD% 50% — 100%: moderate effect ;RIZD% > 100%: strong

effect.

In general, anthocyanins are effective against
various microbes, but Gram-positive bacteria are
usually more sensitive to anthocyanins effects
compared to Gram-negative bacteria. The
mechanisms  underlying  the  activity  of
anthocyanins include both ~membrane and
intracellular interactions of these compounds. The
antimicrobial activity of anthocyanin-containing
fruits is probably due to many mechanisms and
synergies because they contain various compounds
including anthocyanins, weak organic acids,
phenolic acids and mixtures of different chemical
forms. In vitro and in vivo studies have shown that
anthocyanins have beneficial biological properties
that play an important role in human health
protection. We found the best antibacterial effect of
the extracts in the Gram-negative bacterium of E.
coli. However, the results of the study by Cisowska
et al. (2011) showed that in the Gram-negative

bacteria (Escherichia coli, Pseudomonas
aeruginosa  a  Salmonella  enterica  ser.
Typhimurium), E. coli showed the greatest

resistance among the tested bacteria. Activity
against Gram-positive bacteria was higher
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compared to Gram-negative bacteria due to the
outer membrane of Gram-negative bacteria, which
acts as a barrier to permeability and reduces the
uptake of compounds in the cell. Despite higher
antimicrobial activity in Gram-positive bacteria,
based on our findings and findings by Puuppon-
Pimié et al. (2001) we can state that our selected
Gram-negative bacteria reacted positively to the
inhibitory effects of ethanol berry fruit extracts.
The acetone extract of elderberries was the
exception; this extract could not inhibit the growth
of bacteria in any of the three tested concentrations.

The antimicrobial effect of ethanol extracts
from Vaccinium corymbosum L. was investigated
by Pervin et al. (2013). They evaluated the
antibacterial effect by determining RIZD % in two
Gram-positive and five Gram-negative bacteria.
The tested extracts showed a broad spectrum of
activity against all sensitive microorganisms, but a
stronger antimicrobial effect was observed against
Gram-negative bacteria compared to Gram-positive
bacteria.

The best antimicrobial effect of all tested
extracts was observed in blueberry extract
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(Vaccinium myrtillus L.).Positive antibacterial
effects of Vaccinium myrtillus L. have been shown
also by research results of Vuci¢ et al. (2013),
which confirmed a potential source of antibacterial
agents in a set of thirty Gram-negative bacterial
strains.

In our study, acetone extracts of Aronia
melanocarpa and Sambucus nigra were unable to
inhibit bacterial growth at a concentration of
Img.ml" . The effect of Aronia melanocarpa ethanol
extract on the growth of E. coliwas confirmed by
Braunlich et al. (2013), who investigated the
inhibitory effect of the extract on biofilm
formation.In their study, they found that exposure
of Aronia melanocarpa extract to a Dbiofilm-
forming bacterial strain of E. coli reduced the
ability of a bacterium to produce a biofilm, thereby
reducing its ability to resist.

The study by Baydari et al. (2004), pointed
out the advantages of acetone extraction over
ethanol extraction, which makes it possible to avoid
problems with pectins. Shipp and Abdel Aal et al.
(2010) reported in their study that alcohol
extraction causes acylation of the sugar constituent
of anthocyanins, which does not occur during
acetone extraction. The process of acylation
stabilizes anthocyanins and at the same time
protects anthocyanins from degradation by
microbial glycosides. Based on the results, we
conclude that ethanol extracts had a higher degree
of antimicrobial activity compared to acetone
extracts. We assume that the different effect of

anthocyanin compounds is influenced by different
extraction methods.

Conclusions

The study showed that ethane extracts of
anthocyanins  from  berries  show  strong
antimicrobial  activity against gram-positive
bacteria (E. coli, Salmonella enterica ser.
Typhimurium, Enterobacter aerogenes,

Pseudomonas aeruginosa). The results confirmed
the antimicrobial activity of anthocyanins by
inhibitory effects on the growth of gram-negative
bacteria, while the lowest resistance was observed
in E. coli. Enterobacter aerogenes showed the
highest resistance to ethanol extracts compared to
acetone extracts. We found that the efficiency of
the extracts also affects the method of extraction of
anthocyanins from berries. This resulted in a higher
efficiency of ethanol extracts compared to acetone
extracts. Anthocyanins can become very important
and promising natural tools in the prevention of
various diseases, mainly due to their evident
antimicrobial, but also antioxidant, antimutagenic
and immunomodulatory potential.
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