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Abstract

Propolis, considered one of the most effective natural broad-spectrum antibiotics, which do not induce
resistance or destroy the organism’s commensal flora, together with catechin, quercetin and gallic acid (at
different concentrations), have been tested against Gram positive bacteria Streptococcus pyogenes ATTC 19615,
Stapylococcus aurens ATCC 25923 and Gram negative Escherichia coli ATCC 25922 Pseudomonas aeruginosa
ATCC 27853, Salmonella enterica ATCC 14028, Shigella flexneri ATTC 12022, as well as the yeast Candida
albicans ATTC 10231, using the agar diffusion method. Propolis and the three compounds showed
antimicrobial potential at most concentrations. The highest sensitivity to propolis (conc. 0.001-1%) was shown
by the Gram-positive bacterial strain S. pyogenes, followed by the Gram-negative bacterium Escherichia coli,
while the other species had an equal and reduced reaction. Gallic acid showed high antibacterial activity on S.
aureus, P. aeruginosa and S. enterica, and a reduced effect on other bacterial strains. The antibacterial efficiency
0f 3.0224% quercetin was high against the bacterium S. pyogenes and catechin (2.9028%) proved to be the best
antifungal, followed by propolis 1%, and quercetin 3.0224%. At certain concentrations, propolis and the three
compounds could supplement gentamicin and ampicillin, as they have shown similar or even higher
antibacterial efficacy than conventional drugs.
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Introduction

In recent years, researchers have tried to find alternative solutions due to the alarming increasing of the
microorganism’s resistance to antibiotics (Sevindik ez a/., 2017). Nowadays, in the EU, one in five bacterial
infections occurs due to antibiotic resistance. The social impact is high considering that more than 670,000
antibiotic-resistant bacterial infections are reported, causing the death of 33,000 people. The economic impact
is also high, as it has been estimated that 1.5 billion euro / year are spent to solve these problems (EC 1). In
Romania approximately 40% of bacterial infections are resistant to antibiotics, and the anticipation for 2030
are not encouraging (OECD, 2019).

One of the alternatives to antibiotics is propolis, a bee product that contains compounds derived from
spontaneous flora or supplied directly by bees. Propolis, the subject of several studies, is considered a health
promoter, due to its promising therapeutic properties based on the compound’s bioactivity (Touzani ez al.,
2019). These natural sources exploiting would reduce the costs involved in the healthcare system. So far, more
than 300 compounds have been identified in propolis (Anjum ez 4/., 2019), with pharmacological properties:
medical (Touzani et al., 2019, (Pasupuleti ez al., 2017), antiviral (Miinstedt, 2019), antimicrobial (Lavinas ez
al., 2017; Béji-Srairi ez al., 2020), protective, healing, antiseptic (Sun ez al., 2015), cosmetics (Barros ez 4l.,
2019), conservative and promising functional potential (Mohdaly ez 4/., 2015; Bankova ez al., 2016). However,
the benefits of applied research in this area are blocked, as there is no consensus on the international recognition
for the application of propolis in the medical field. The EU Commission rejected the requests for the use of
propolis as an antibacterial agent considering that the chemical composition depends on the geographical area,
botanical origin, and working methodologies (EC 2). The disagreement is based on studies which prove that
the chemical composition and biological characteristics of propolis are influenced by geographical area, plant
source, season (Anjum ez a/., 2019) and climatic factors (Bankova ez al., 2016; EC 2).

As a confirmation for the influence of the geographical area on the biological activity of propolis, it was
highlighted, after the evaluation of more than 600 bacterial strains that propolis originated from the Middle
East has a higher antimicrobial effect on Gram positive bacteria (Staphylococcus aurens) and Gram-negative
bacteria (Escherichia coli), compared to that from some European countries (Germany, Ireland) and Korea
(Przybylek and Karpinski, 2019).

The use of compounds common to propolis worldwide could be a solution that would eliminate these
differences. A similar suggestion was also taken into account by Sforcin in 2016 (EC1; Pasupuleti ez al., 2017).
Considering our certainty regarding the benefits offered by propolis, this study focused on three compounds,
in their pure state and in different concentrations, catechin, quercetin and gallic acid, from the classes of
flavonoids and polyphenolic acids. According to studies developed over time, the two classes are among the
dominant com-pounds in propolis regardless of its area and botanical origin. Bogdanov and the collaborators
(2019) (ECI; Miinstedt, 2019) have recently demonstrated that in general, propolis contains 40-70%
flavonoids and phenolic acids, wax (20-35%), essential oils (1-3%), minerals, proteins and polysaccharides
(5%) (EC1; Miinstedt, 2019). In the case of Romanian propolis botanical sources are generally represented by
deciduous forests and the biochemical content is similar to that of other geographical areas, namely flavonoids,
polyphenolic acids and their esters in large quantities (Mirghitas e al., 2013; Graikou ez 4l., 2016). Also, in
most cases, the therapeutic and antimicrobial properties are determined by representatives of these classes of
compounds (Cauich-Kumul and Campos, 2019). Besides, based on additional sources of Oses ez /. (2020), it
appears that the three studied compounds have a high antioxidant capacity and they could be involved in the
increase of the antioxidant status of the various systems of human body defence.

Catechin is a promising flavonoid, considered by Reygaert (2018) to have antimicrobial properties and
may play a key role in both preventing and treating discases caused by pathogens. Depending on the
concentration, it also has immune effects, being observed the stimulation of autoantibodies that can produce
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undesirable effects (NCBI3). Catechin in propolis has also been associated with the inhibitory effect of
hyaluronidase, blocking its conversion process (Osés ¢t al., 2020).

Quercetin is another flavonoid, ubiquitous in propolis, known for its antioxidant capacity (Gopu ez 4l.,
2015) and protein inhibition (OECD, 2019; Pasupuleti ez 4/., 2017). It has been studied and proposed as an
antimicrobial agent for the food industry, due to its disruptive potential in microbial signalling mechanisms,
an important step in regulating gene expression, but also in microbial multiplication. Its antimicrobial role
cannot be disputed, nor can its importance as an anticancer agent be limited (Gopu ez al., 2015). Also, the same
authors mention that quercetin enhances the antimicrobial activity of antibiotics, with a key role in their
synergism (Siriwong ez al., 2016).

Gallic acid is a polyphenolic acid, part of hydrolysable tannins, with mutagenic and teratogenic potential
(NCBI1). It cannot be excluded from the list of antimicrobial agents, but due to its mutagenic effects, caution
is required when the concentration is established. As always, for these compounds, the beneficial effects are
associated with the adverse ones. For this reason, we considered, even if this was not our objective that the
establishment of toxicities has a key role in these compounds using.

Although there are many researches on propolis worldwide, the studies in Romania are sporadic and
limited only to certain areas (e.g., northwest, center). To compare the antimicrobial activity of the three
compounds, we selected propolis from an unexplored area, southwest of the country. Antimicrobial activity is
asimple but important test, because the reaction of microorganisms to propolis can be similar and can be taken
into account by international regulations, requiring only an adjustment of the working methodology and the
establishment of mutagenic or antimutagenic activity. A similar conclusion was drawn by Bridi ez al. (2015).
They considered that in addition to antimicrobial testing, radical scavenging capacity must also be evaluated.
Although the range of propolis tests is broad, it has not yet been completed. Sarigoban and Sabire (2016)
considered that all compounds and application modalities of propolis should be identified.

Some research related to the antimicrobial activity of propolis has been performed in Romania, but as
we specified earlier, they were limited to certain areas. These studies have shown that propolis has a strong
biological activity on Gram-positive bacteria, compared to Gram-negative ones (Marghitas ez 4l., 2013). Most
of the global results showed a higher sensitivity of Gram-positive bacteria to propolis (Przybylek ez /., 2019).
In contrast to these results, Mohdaly ez a/. (2015), for the first time, demonstrate that propolis also has a
pronounced biological activity in relation to some Gram-negative bacteria. Studies limited to certain areas do
not provide a broad perspective on the quality of propolis. Our study has been extended to the south-western
part of Romania, where no data were recorded on the antimicrobial potential of propolis.

Why this extension is considered necessary? According to reports elaborated by the EU and EEA
countries, the contribution of resistant bacteria to health damage is different from country to country.
Therefore, these international forums emphasize the necessity to find and apply prevention and control
strategies adapted to the needs of each country. Propolis, through its complex polyphenolic compounds, can be
considered an “effective weapon” against pathogens in each country, also through the activity of “radical
scavenger”, can disrupt the activity of free radicals, and eliminate the effects of oxidative stress, the basis of the
pathogenesis for many diseases (Arct and Pytkowska, 2008; Kocot ez 4/., 2018).

The effectiveness of natural products against oxidative stress and the correlation between antimicrobial
activity and Free-Radical Scavenging is a topic of interest to the scientific world (Mohammed ez /., 2018;
Mohammed ez 4l., 2019). In this context, Rayan et /. (2020) emphasized that plants from spontaneous flora
have antimicrobial potential and satisfactory free radical scavenging which may be a solution for managing
oxidative stress. In this study, microorganisms relevant to medical practice were chosen (Ayatollahi ez al., 2018;
Sharma et al., 2018; Tiirk et al., 2018; del Mar Cendra ez al., 2019; Rayan et al., 2020). For the selection of
antibiotics used in experiments, the statistics made by the European Center for Disease Prevention and
Control, Stockholm (ECDC, 2018) and Tosisa ez /. (2020) were taken into account, which showed that large-

spectrum antibiotics are the most used. Thus, antibiotics from penicillin and cephalosporin groups were chosen
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as controls. The two groups of antibiotics also are on the first positions in Romania (ECDC, 2018). For
example, cefotoxime is part of the third generation of antibiotics, the group of cephalosporins and is still
included in the WHO list, because it is considered effective and necessary for the health system (Popescu ez 4/.,
2016), and nystatin is a fungicidal polyene antibiotic targeted by many antifungal studies (WHO, 2020).
Ampicillin, from the penicillin group, is considered stable against the hydrolysis of beta-lactamases (Zhang ez
al.,2018) and is recommended for both Gram-positive and Gram-negative bacteria (NCBI 4), and gentamicin
is still included in some studies on Psendomonas aeruginosa or other bacteria (Shama ez al., 2018; DHHS,
2019). All these antibiotics are therefore still of interest to the antimicrobial tests today (NCBI 4; Shama ez 4/.,
2018; Mohanty ez al., 2020). The aim of this study was to compare the antimicrobial properties of catechin
(conc. 0.002903 - 2.902800%), quercetin (conc. 0.003022 - 3.022400%), and gallic acid (conc. 0.001881 -
1.8813%), with the extract in DMSO (dimethyl sulfoxide) of some samples of propolis (0.00001 - 1%),

originated from the southwestern part of Romania (Caras-Severin and Timis county).

Materials and Methods

Preparation of propolis extract and dilutions

Propolis samples obtained from persons who practice migratory beckeeping in the area of Banat’s
county, South-West part of Romania were used. Propolis extract was obtained by applying classical maceration.
This has been found to be the most efficient method of extracting bioactive substances from propolis
(Marghitas ez al., 2007). Active principles of propolis were extracted with 70% (w/v) ethanol, 1:30 ratio for 24
h at room temperature. For easier handling of propolis, it was first frozen by freezingat -20 °C and then ground
into a fine powder. The extract was filtered directly into a volumetric flask of 100 ml capacity and the residue
was submitted to the second extraction in the same conditions as the first one. Then the filtered extracts were
united and the volume was filled up with 70% ethanol. The third extraction was no longer needed since it gave
negative reaction with FeCls (10%). Then, the extract was evaporated to dryness. About 1g from this residue
rich in bioactive compounds (flavonoids and polyphenolic acids) were mixed with 10 ml of DMSO, mixed and
sonicated until completely dissolved (Ultrasonic Bath, Aqua Wave-Barnstead Labline, Germany). From this
stock solution (10% w/v concentrations) were prepared by successive dilutions 1:10, the following (w/v)
concentrations in DMSO: 1%, 0.1%, 0.01%, 0.001%, 0.0001% and 0.00001%.

In our experiments, serial dilutions (0.00001 - 1%) from a propolis sample originated from the western
part of Romania were used. Its antimicrobial activity against six bacterial and a yeast strain was analyzed in
comparison with quercetin, catechin and gallic acid (with the structures fungus shown in the Figures 2 and 3).

Their range of concentrations was equivalent to 10-2-10-6 M but expressed as percentage: gallic acid
0.001881-1.8813%, quercetin 0.003022-3.022400% and catechin 0.002903-2.902800% respectively. For
propolis it was not possible to determine the molecular weight, therefore we considered some values of the
percentage concentration close to the used substances.

Preparation of flavonoids (quercetin, catechin) and gallic acid solutions and dilutions

Chemically pure substances obtained from manufacturing companies.

1.Quercetin hydrate purum (CisH10O7 - H,O, 95%, 33,795-1 code Aldrich, Germany), molecular
weight = 302.24.

2.(+/-) Catechin hydrate purum (> 96% HPLC, 22130 code Fluka, USA), molecular weight 290.28.

3.Gallic acid, (HO);CcH.COH - H,O (> 99% HPLC, 27645 code Sigma Aldrich, Germany),
molecular weight: 188.13.

4.DMSO (dimethyl sulfoxide): ACS Reagent Grade, 317275 code Sigma Aldrich, Germany.
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From the mentioned pure substances (quercetin, catechin, gallic acid) stock solutions of w/v
concentration 0.1 M (10-1) were prepared. They were successively diluted in DMSO (Dimethyl sulfoxides)
1:10 and solutions of w/v concentration 0.01 (10?2), 0.001 (10°), 0.0001 (10*) and 0.00001 (10°) M were
prepared. They were considered in the statistical analysis as percentages as follows:

- quercetin: 3.022400% (0.01 M), 0.302240% (0.001 M), 0.030224% (0.0001 M) and 0.003022%
(0.00001 M);

- catechin: 2.902800% (0.01 M), 0.290280% (0.001 M), 0.029028% (0.0001 M) and 0.002903%
(0.00001 M);

- gallic acid: 1.8813% (0.01 M), 0.18813% (0.001 M), 0.018813% (0.0001 M) and 0.001881% (0.00001

The substances have been weighed with analytical balance (0.1 mg precision) (Kern, Germany).

Antibacterial and antifungal activities

Microbial strains

The propolis extract and the dilutions associated with each compound have been tested against reference
bacterial strains, Gram positive: Streptococcus pyogenes ATTC 19615, Stapylococcus aureus ATCC 25923 and
Gram negative: Escherichia coli ATCC 25922, Pseudomonas aeruginosa ATCC 27853, Salmonella enterica
ATCC 14028, Shigella flexneri ATTC 12022 as well as the yeast Candida albicans ATTC 10231.

For testing, the bacterial strains were sub-cultured on Nutrient Broth (HiMedia Laboratories Pvt.
Limited, Mumbai, India) at 37 °C, and the yeast was grown on liquid media Sabouraud-Dextrose Broth (Oxoid
Limited, UK) at the same temperature, in acrobic conditions, for 24 hours, The indicated growth conditions
were applied, with small modifications.

Agar disk diffusion method

The antibacterial and antifungal activity was determined by Agar Disk Diffusion method according to
Kirby-Bauer procedure recommended by the Institute of Clinical and Laboratory Standards (CLSI, 2011;
CLSI, 2004, with some modifications (incubation time was similar for all microorganisms and the Mueller

Hinton agar has been substituted by Nutrient agar).

The nutrient media were distributed in Petri dishes with a diameter of 100 mm and incubated for 30
minutes at a temperature of 37 °C, to drain the surface for a better adhesion of microbial cells (Raba ez 4.,
2015).

The microbial suspensions were adjusted according to the McFarland standard 0.5, to 10° colony-
forming units, i.e., cfu/mL for bacteria (Akinpelu ¢ /., 2015) and 10* cfu/mL for yeast (Pessini ez a/., 2005).
The bacteria were inoculated on Nutrient Agar (HiMedia Laboratories Pvt. Limited, Mumbai, India) and the
fungal strain on Sabouraud Dextrose Agar (Oxoid Limited, UK).

Sterile absorbent paper discs (D 6 mm, Whatman No.1) (Merck, Damstadt, Germany) were placed on
the surface of the inoculated media at equal distances from the edges of the Petri dish. Each disc was
impregnated with 10 uL of extract / dilution. Antimicrobial tests were performed in three repetitions.

The incubation temperature was 37 °C (Incubator, Biobase, China) for both bacteria and Candida
albicans. As controls DMS was used for all microorganisms because this was the substance used for extraction
and dilutions. Besides, ampicillin (10 mcg/disc, HiMedia Laboratories Pvt. Limited, Mumbai, India),
cefotaxime (30 pg / disc, Oxoid Laboratories, UK) and gentamicin (10 pg/disc, Uniparth Limited Basingstoke,
Hampshire, England) were used as controls for bacteria. Nystatin (100 units/disc, HiMedia Laboratories Pvt.
Limited, Mumbai, India), propionic acid (2%) and formic acid (0.5%) were used as controls for Candida
albicans ATTC 10231.
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Sensitivity of microbial strains to propolis and the 3 compounds, respectively controls was determined
by measuring the diameter of the inhibition zone (D), including the diameter of the disc. The diameter of the
inhibition zones was measured to an accuracy of 1 mm, immediately after the incubation period.

Statistical analysis

The data were statistically processed using ANOVA, and the means were compared using Multiple
Range Test (Ciulca, 2006). The significance was expressed based on letters, being considered as significant the
differences between treatments marked with different letters.

To display the response of each bacterial species to different treatments in a single graph, the basic

principle of biplot technique was used (Yan and Kang, 2002).

Results

Following the application of the agar disk diffusion method, a variation of the antimicrobial activity of
propolis, gallic acid, catechin and quercetin was observed, depending on their concentration but also on the

nature of the studied microorganisms.
The results of the Kirby Bauer test were statistically analysed and included in Tables 1-5 and Figure 1-2.

Table 1. Antibacterial activity of propolis, catechin, quercetin and gallic acid on E. co/i, S. pyogenes and P.

aeruginosa
Inhibition area Inhibition area (mm) of Inhibition area (mm) of
No Treatments . 3

(mm) of E. coli S. pyogenes P. aeruginosa
1. Ampicillin 17.00+1.15b 18.67+1.33 ab 7.3340.33 f
2. Cefotaxim 24.00+1.15a 21.00+1.15a 19.33+1.20 a
3. Gentamicin 10.33+0.88 de 13.33+2.40 ¢ 15.67+0.33 b
4. Propolis 1% 13.67+1.20 ¢ 17.33+1.45b 8.67+0.88 def
5. Propolis 0.1% 7.67+0.67 gh 13.67+3.28 ¢ 8.33+0.67 def
6. Propolis 0.01% 7.00+0.00 h 10.00+1.53 de 7.67+0.33 ef
7. Propolis 0.001% 7.67+0.67 gh 7.00+0.00 f 7.3340.33 f
8. Propolis 0.0001% 7.33+0.33 gh 7.33+0.33 ef 7.67+0.67 ef
9. Propolis 0.00001% 0.00+0.00 i 0.00+0.00 g 0.00+0.00 g
10. Gallic acid 1.8813% 9.00+0.58 defg 0.00+0.00 g 10.67+1.33 ¢
11. Gallic acid 0.1881% 8.33+0.33 efgh 0.00+0.00 g 10.00+0.58 cd
12. Gallic acid 0.0188% 8.00+0.00 fgh 0.00+0.00 g 9.67+0.88 cd
13. Gallic acid 0.0018% 7.67+0.33 gh 0.00+0.00 g 9.33+0.67 cde
14. Quercetin 3.0224% 9.67+0.88 def 11.67+0.88 cd 10.67+0.67 c
15. Quercetin 0.3022% 8.00+0.00 fgh 0.00+0.00 g 8.67+0.67 def
16. Quercetin 0.0302% 7.33+0.33 gh 0.00+0.00 g 7.3340.33 f
17. Quercetin 0.0030% 7.33+0.33 gh 0.00+0.00 g 0.00+0.00 g
18. Catechin 2.9028% 10.67+0.33d 9.67+0.33 def 9.67+0.67 cd
19. Catechin 0.2902% 10.00+0.58 de 8.33+0.88 ef 9.334+1.20 cde
20. Catechin 0.0290% 9.00+1.00 defg 9.00+1.00 def 8.67+0.33 def
21. Catechin 0.0029% 8.6740.33 efgh 0.00+0.00 g 8.67+0.88 def
22. DMSO 7.33+0.33 gh 0.00+0.00 g 7.00+0.00 £

LSD 5% 1.80 2.96 1.97

Data are mean +SE, n=3; Different letters indicates significance at p < 0.05
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For antibacterial activity on E. coli (Table 1), amplitude of the inhibited arca of 24 mm between the
treatments was observed. Therefore, treatments with ampicillin (10 mcg) and cefotaxime (30 pg) showed
antibacterial activity against E. co/, significantly superior to other treatments. A very important effect was also
found for the treatment with 1% propolis, compared to DMSO. Catechin treatments in different
concentrations, as well as gallic acid (1.8813%, 0.1881%), and quercetin 3.0224%, respectively, had an
antibacterial effect on E. co/ significantly equal to gentamicin (10 pg). In general, the antimicrobial activity of
the studied compound decreased with reduced concentration. E. co/i was sensitive to propolis 1% > catechin
0.2902 - 2.9028% > quercetin 3.0224% > gallic acid 1.8813% = catechin 0.2902%.

Considering the antibacterial effect of different treatments on S. pyogenes, it was noted that cefotaxime
(30 ug) was most effective with a significantly higher inhibitory area compared with the other treatments. 1%
propolis also had a high activity, significantly equal to ampicillin (10 mcg), while 0.1% propolis treatments and
3.0224% quercetin showed a gentamicin-like effect (10 pg). The antibacterial effect of propolis was maintained
even at the lowest concentration compared to DMSO. S. pyogenes has shown resistance to gallic acid treatments,
regardless of the used concentration. Resistance of these bacteria to 0.3022-0.003% quercetin and 0.0029%
catechin treatments was also observed. Catechin treatments 2.9028-0.029% showed an antibacterial effect on
this specie significantly inferior to the three antibiotics, but higher compared to DMSO. Thus, propolis 1%
showed the strongest antimicrobial activity against S. pyogenes (D 17.33 mm), followed by 0.1% propolis >
quercetin 3.0224% > propolis 0.01% > catechin (0.0290-2.9028%).

Treatments with cefotaxime (30 pg) and gentamicin (10 pg) had the highest efficacy against P.
aeruginosa, considering the area of inhibition significantly higher compared with the rest of the treatments.
Experiments with propolis in dilutions between 0.0001 and 1% showed an antibacterial effect equal to each
other and to ampicillin (10 mcg), and compared to DMSO. The antibacterial effect of gallic acid (all
concentrations) was significantly higher compared to DMSO. The reduction in quercetin concentration was
associated with a progressive decrease in the antibacterial effect which was counteracts at 0.003% dilution.
Treatment with quercetin 3.0224% was significantly superior to most other treatments excepting cefotaxime
(30 pg) and gentamicin (10 pg). P. aeruginosa showed significantly higher sensitivity to catechin treatments at
concentrations of 2.9028 and 0.029%, compared to DMSO and ampicillin (10 mcg) treatments. Regarding P.
aeruginosa, an inhibitory effect was observed for gallic acid 1.8813% = quercetin 3.0224% > gallic acid 0.1881%
> gallic acid 0.0188% = catechin 2.9028% > propolis 1%.

Considering the antibacterial activity against S. enzerica (Table 2), amplitude of the inhibited surface of
20.67 mm was observed between the treatments, with values in the range of 0 mm for quercetin and 20.67 mm
for cefotaxim (30 pg). Therefore, treatment with cefotaxime (30 pg) showed significantly superior antibacterial
activity to other treatments. Also, a very important effect was found for the treatments with the other
antibiotics, respectively gentamicin (10 pg) and ampicillin (10 mcg). Treatments with catechin 0.0290-
2.9028%, as well as those with gallic acid (0.1881-1.8813%), had an antibacterial effect against S. enterica
significantly equal to ampicillin (10 mcg) and superior to DMSO. The effect of 0.01-1% propolis had a higher
effect compared to DMSO. §. enterica showed total resistance to quercetin-based treatments, regardless of the
used concentration. S. enterica developed inhibition zones for first three concentrations of propolis (0.01-1%)
and for all gallic acid and catechin concentrations.

Compared to DMSO, propolis had an inhibitory effect on microbial strains, which was also observed
for catechin, quercetin and gallic acid (Tables 1, 2 and Figure 2).
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Table 2. Antibacterial activity of the propolis, catechin, quercetin and gallic acid on S. enserica, S. flexneri

and S. aureus

No Treatments Inhibition area (mm) Inhibition area (mm) Inhibition area (mm)
of S. enterica of 8. flexneri of 8. aureus
1. Ampicillin 11.33+1.45 bc 16.67+0.33 b 14.67+0.88 b
2. Cefotaxim 20.67+2.19a 21.00+1.15a 27.67+1.20a
3. Gentamicin 13.33+0.88 b 12.67+1.45¢ 14.33+1.67b
4. Propolis 1% 9.00+0.58 def 9.00+1.15 ef 9.67+0.88 cd
5. Propolis 0.1% 8.67+0.88 def 8.67+0.67 ef 8.67+0.88 cde
6. Propolis 0.01% 8.33+0.33 def 8.6740.88 ef 7.6740.67 de
7. Propolis 0.001% 7.67+0.33 ef 8.3340.67 ef 7.6740.33 de
8. Propolis 0.0001% 7.33+0.33 ef 8.00+0.58 f 0.00+0.00 f
9. Propolis 0.00001% 7.0040.00 f 7.67+0.33 f 0.00+0.00 f
10. Gallic acid 1.8813% 10.00+0.00 cd 9.33+0.33 ef 11.00+2.08 ¢
11. Gallic acid 0.1881% 10.00+0.58 cd 8.00+0.00 f 8.00+0.00 de
12. Gallic acid 0.0188% 8.67+0.33 def 8.00+0.00 f 8.00+1.00 de
13. Gallic acid 0.0018% 8.00+0.58 def 0.00+0.00 g 7.6740.33 de
14. Quercetin 3.0224% 0.00+0.00 g 9.33+0.33 ef 10.67+1.20 ¢
15. Quercetin 0.3022% 0.00+0.00 g 9.00+0.58 ef 9.67+0.33 cd
16. Quercetin 0.0302% 0.00+0.00 g 8.67+0.88 cf 9.00+0.58 cde
17. Quercetin 0.0030% 0.00+0.00 g 8.67+0.88 ef 7.00+0.00 ¢
18. Catechin 2.9028% 10.00+0.58 cd 11.33+0.67 cd 9.00+1.15 cde
19. Catechin 0.2902% 10.00+0.00 cd 10.0040.00 de 8.67+0.33 cde
20. Catechin 0.0290% 9.33+0.33 cde 10.00+1.00 de 7.67+0.33 de
21. Catechin 0.0029% 9.00+0.00 def 9.33+0.67 ef 0.00+0.00 f
22. DMSO 7.67+0.33 ef 7.67+0.33 f 7.33+0.33 cde
LSD 5% 2.05 1.91 2.45

Data are mean +SE, n=3; Different letters indicates significance at p < 0.05

Following the antibacterial effect of different treatments against S. flexneri, it was found that cefotaxime
(30 pg) was the most effective, with a significantly higher inhibition than the other products. This bacterium
showed a higher sensitivity to ampicillin (10 mcg) compared to gentamicin (10 pg), but both antibiotics had a
significantly higher antibacterial effect than treatments with propolis, quercetin and gallic acid. Propolis
showed an antimicrobial effect against S. flexneri higher than DMSO but without statistically significance. The
rest of the treatments had a significantly equal efficiency in terms of inhibiting this bacterium except catechin
which showed a significantly higher antibacterial effect on this species than DMSO. The catechin highest
concentration 2.9028% had an effect significantly higher compared to gentamicin. Biological activity against
S. flexneri was observed for all concentrations of quercetin and catechin, 0.0188 - 1.8813% gallic acid and
propolis at most concentrations.

Treatments with cefotaxime (30 pg), ampicillin (10 mcg) and gentamicin (10 pg) had the highest
efficacy on S. aureus, considering the significantly higher inhibitory area. Treatments with 1% and 0.1%
propolis had an antibacterial higher compared to DMSO. 1.8813% gallic acid and the high concentrations of
quercetin and catechin had a significant antibacterial effect compared to DMSO. . aureus had the highest
inhibition area (D 11 mm) for 1.8813% gallic acid, followed by 1% propolis > quercetin (conc. 0.0302 -
3.0224%) > catechin (two concentrations) > gallic acid (0.0188 - 0.0018%).

Considering the results of the variance analysis (Table 3) it was pointed out that there are significant
and statistically significant differences (p < 0.01) between the different treatments in terms of antibacterial
activity on the six bacterial strains. The variation between repetitions showed a small and insignificant influence
on the antibacterial activity of the 22 treatments.
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Table 3. Analysis of variance (ANOVA) for antibacterial activity of the propolis, catechin, quercetin and

gallic acid

Variation sources DF MS F value Variation sources DF MS F value
E. coli S. enterica
Replication 2 2.29 1.92 ns Replication 2 0.95 0.61 ns
Treatment 21 59.73 50.08** Treatment 21 68.35 44.10**
Error 42 1.19 Error 42 1.55
S. pyogenes S. flexneri
Replication 2 9.33 2.88 ns Replication 2 3.45 2.52ns
Treatment 21 150.71 46.49** Treatment 21 43.70 32.37*
Error 42 3.24 Error 42 1.35
P. aeruginosa S. aureus
Replication 2 1.88 1.31 ns Replication 2 1.77 0.88 ns
Treatment 21 47.98 33.45** Treatment 21 96.44 43.49**
Error 42 1.43 Error 42 2.22

** - Significant at p < 0.01; ns - non significant at p < 0.05; DF - degree of freedom; MS - mean square

The two-dimensional diagram (biplot) based on the first two main components expresses 81.91% of the
sensitivity variability for the six bacterial strains to the 22 treatments (Figure 1).
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Figure 1. Biplot for antibacterial activity of the propolis, catechin, quercetin and gallic acid on different

bacterial species

Considering the angles between the vectors of different species, it was found that in general the species
P. aeruginosa and S. enterica, E. coli and S. aureus, respectively S. flexneri and S. pyogenes, showed a similar
sensitivity to the applied treatments. It was also observed that ampicillin treatment (10 mcg) had the strongest
antibacterial activity on 8. flexneri, S. pyogenes, E. coli and S. aureus species, and an average efficiency on P.
aeruginosa and S. enterica species. Treatment with gentamicin (10 pg) had the highest antibacterial effect on P.

aeruginosa and S. enterica species, in association with superior antibacterial activity for the other species.
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The variant 1% propolis had a high inhibition of S. pyogenes, E. coli, S. aureus and an average efficiency
on S. flexneri, P. aeruginosa and S. enterica. The four gallic acid treatments showed a high antibacterial activity
on P. aeruginosa and S. enterica and a reduced effect on the other species.

Quercetin had a high effect on S. pyogenes, P. aeruginosa and S. aureus. The influence of catechin was
higher on S. flexneri, E. coli and S. enterica.

For a better evaluation of different compounds, the CLSI recommendations were taken into account.

Although in our experiments bacterial species showed high susceptibility to antibiotics, in relation to
the CLSI it was observed that only four were in the sensitive category, namely: susceptibility to ampicillin (D
> 17 mm) - S. pyogenes (D 18.67 mm) and E. coli (D 18.67 mm); susceptibility to cefotaxime (D = 23 mm) - E.
coli (D 24.00) and S. aureus (D 27.67 mm) and susceptibility to gentamicin (D = 15 mm) - S. aureus (D 15.67
mm) (Table 4).

Table 4. The effect of antibiotics on bacteria and yeast stains, compared to CLSI

Bacterial and yeast strains / Inhibition zone (mm)

Antibiotics

A B C D E F
1. Diam. (mm) [Ampicillin] 17 (S) 18.67 (S) 7.33 (R) 11.33 (R) 16.67 (1) 14.67 (I)
2. Diam. (mm) [Cefotaxime] 24 (S) 21 (1) 19.33 (1) 20.67 (I) 21 () 27.67 (S)
3. Diam. (mm) [Gentamicin] 1033 (R) | 13.33(1) | 1567(S) | 1333(D) | 12.67(R) | 14.33 (D)
4. Diam. (mm) [Nystatin] - - - - - -

Legend: S - susceptible; R - resistant; I - intermediate.

Break point values (bacteria): ampicillin > 17 mm S, 14-16 mm I, < 13 mm R; cefotaxime > 23 mm S, 15-22 mm [, <
14 mm R; gentamicin 2 15mm S, 13-14 mm I, < 12 mm R (CLSI, 2011);

Bacterial strains: A - E. coli; B - S. pyogenes; C - P. aeruginosa; D - S. enterica; E - S. flexneris F - S. anreus; G - C. albicans.

Biological activity against bacteria was also observed for propolis at the highest concentrations, 1% and
0.1% (Table 1, 2 and 3). According to these standards the bacterium . pyogenes was considered sensitive for
1% propolis because its inhibition zone (17.33 mm) ranged into ampicillin sensitivity class (D > 17 mm). The
0.1% propolis concentration also negatively influenced this bacterial strain (D = 13.67 cm) within the range of
13-14 mm, corresponding to the intermediate class of gentamicin. In the same class was included E. cofz, with
D =13.37 mm.

Further on, C. albicans species was evaluated. It was shown that the inhibited area had amplitude of
14.33 mm, between 14.33 mm for nystatin treatment (100 units) and 0 mm for 10 treatments. Therefore, it
was observed that nystatin (100 units) showed a significantly higher efficacy compared to the other treatments.
A high inhibitory activity was also observed for the treatments with: catechin 2.9028%, propolis 1%, formic
acid (0.5%) and quercetin 3.0224%. C. albicans species has been shown to be resistant to 10 of the treatments
(Table 5).

Considering the propolis treatment, it was observed that the progressive decrease of the concentration
determines a significant reduction of the inhibitory activity, the effect being cancelled at 0.001-0.00001%
concentration. Also, in the case of gallic acid treatments the reduction of the concentration was associated with
a significant decrease of the inhibition, which is completely cancelled at 0.0018%. For quercetin treatments,
the same trend was observed, the antifungal effect being zero at 0.0302-0.003%. Catechin treatment showed
an inhibitory effect only at concentrations of 2.9028 and 0.2902%.
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Table 5. The effect of flavonoids, gallic acid and propolis on C. albicans

No Treatments Inhxlz;:lr)l area No Treatments Inhllz;:::)l area
1. Nystatin 14.33+0.88 a 12. Gallic acid 0.0188% 7.67+0.33 f
2. Formic acid 11.00+0.58 be 13. Gallic acid 0.0018% 0.00+0.00 g
3. Propionic acid 0.00+0.00 g 14. Quercetin 3.0224% 11.00+0.58 be
4. Propolis 1% 11.67+0.88 be 15. Quercetin 0.3022% 7.33+0.33 f
5. Propolis 0.1% 9.33+0.33 de 16. Quercetin 0.0302% 0.00+0.00 g
6. Propolis 0.01% 8.33+0.88 ef 17. Quercetin 0.0030% 0.00+0.00 g
7. Propolis 0.001% 0.00+0.00 g 18. Catechin 2.9028% 12.00+1.00 b
S. Propolis 0.0001% 0.00+0.00 g 19. Catechin 0.2902% 10.33+0.88 cd
9. Propolis 0.00001% 0.00+0.00 g 20. Catechin 0.0290% 0.00+0.00 g
10. Gallic acid 1.8813% 10.33+0.67 cd 21. Catechin 0.0029% 0.00+0.00 g
11. Gallic acid 1.8813% 8.67+0.67 ef 22. DMSO 0.00+0.00 g
LSD 5% 1.43 LSD 5% 1.43

Data are mean +SE, n=3; Different letters indicates significance at p < 0.05

Regarding yeast, the report to CLSI showed that the values of the inhibition zones determined by
nystatin (D 14.33 mm), propolis (D 8.33-11.67 mm) and the three compounds were not within the standard
limits (D 15-23 mm). But it should be noted that both propolis and compounds have antifungal activity against
C. albicans, compared to DMSO (Table 4, Figure 2).

Thus, propolis and gallic acid showed biological activity for the first three concentrations, and quercetin
and catechin for the first two concentrations. Catechin (conc. 2.9028%) had the highest antifungal effect (D
12 mm) followed by propolis 1% (D 11.67 mm) > quercetin 3.0224% (D 11 mm) > gallic acid 1.8813% and
catechin 0.2902% (D 10.33 mm) > propolis 0.1% (D 9.33 mm) > propolis 0.01% (D 8.33 mm). The highest
areas of inhibition were observed at the first concentrations of catechin, propolis and quercetin, and the lowest
at gallic acid 0.0188% and quercetin 0.3022%. Besides nystatin, a good antifungal was 0.5% formic acid (D 11
mm) (Figure 2).
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Figure 2 Chemical structure of gallic acid (a) (NCBI2) catechin (b) (NCBI3) and quercetin (c) (NCBI1)

Discussion

Propolis, catechin, gallic acid and quercetin are natural antimicrobial products that carry out the same
influence on microorganisms as synthetic antibiotics (e.g., they interfere with the cell structures and metabolic
processes of microorganisms, affecting their viability and growth). Abachi ez 4/. (2016) mentioned that natural
antimicrobial products do not necessarily have a bactericidal effect but their actions determine the suppression
of microorganisms.

In line with the literature data, our study shown that propolis have an inhibitory effect on both groups
of studied microorganisms (Ramanauskiene ez 4/., 2009; Huang ez al., 2014). The efficacy of the oily propolis
extract (where MIC was 0.8%) in DMSO against Gram-positive and Gram-negative bacteria (e.g, S. aureus
ATCC 25923, P. aeruginosa (PAO1), E. faecalis ATCC 29212, S. aureus S3) was relieved by Ghasemi ez al.
(2017). Contrary to previous statements, other authors have observed that propolis is more active against
Gram-positive bacteria (Mohdaly ez 4/.,2015) and it has less influence on Gram negative ones, which can even
be resistant (Ghasemi ez al., 2017). The same effect was observed by Al-Ani ez a/. (2018) on propolis samples
originated from different parts of Europe. They showed that propolis has an antibacterial effect against Gram-
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positive bacteria (MIC between 0.08 mg / ml to 5 mg/ ml). The decreasing scheme of the bactericidal action
of propolis is as follows: Irish propolis > Czech propolis > German propolis.

The antimicrobial effect, including the low concentrations, was also supported by Mohdaly ez 4/. (2015).
In their studies, they referred to a MIC between 0.20 - 0.63 mg/mL for Gram negative and 0.20 - 0.78 mg/ml
for Gram-positive bacteria. Although in this study the significance of the propolis inhibitory activity was
maintained even at lower concentrations, it can be considered that the best biological activity was observed at
the first three concentrations (0.01-1%).

In line with our observations, Bayram ez 4/. (2017), have highlighted the sensitivity of Gram positive and
Gram-negative microorganisms (exception K. preumoniae) to propolis (the MIC varied between 25 to 200
mg/mL).

Therefore, the application of 1% propolis determined a high inhibition of Gram-positive and Gram-
negative microbial species S. flexneri, S. pyogenes, E. coli, C. albicans and S. aureus, and had an average efficiency
on Gram-negative species P. aeruginosa and S. enterica. This lower efficiency on Gram-negative bacteria has
also been attributed to the more complex composition of the cell wall and the higher lipid content (Stepanovi¢
etal.,2003; Veiga et al., 2017).

The sensitivity of S. pyogenes and E. coli was maintained at concentrations of 0.001-0.1% propolis, but
there was an insignificant regression in the case of other microbial species, the effect being cancelled for E. coli
at 0.00001% concentration. A possible explanation for the different levels of bacterial and fungal sensitivity to
propolis would be the propolis phytochemical profile, variation and synergistic action of bioactive components
(phenolic compounds) (Onlen ez al., 2007; Jug ez al., 2014; Przybylek and Karpinski, 2019; Kharsany ez 4L,
2019), but also the nature of the microorganism. Studies on European propolis have concluded that flavonoids
and phenolic acids quantitatively dominate, explaining the antimicrobial activity observed in our experiments
(De Groot et al., 2013; Berwal ez al., 2019). This section does not look like Results.

S. pyogenes and B. subtilis were Gram-positive microorganisms —extremely sensitive to propolis extract.
The explanation was based on the structural differences of the cell wall. Some authors focus on the specific
structure of the outer membrane of Gram-negative bacteria and the large amount of hydrolytic enzymes that
break down the active ingredients of propolis (Sforcin ez al., 2016; Al-Ani ez al., 2018).

The increased biological activity of propolis against S. pyogenes and E. coli mentioned in the above
scheme it is also supported by the researches carried out by Buriol ez 4/. (2009) and Sawaya et al. (2004).

This knowledge is of particular importance, considering that S. pyogenes is one of the infectious
microbial agents with antibiotic resistance (Berwal ez al., 2019] that causes significant morbidity and records a
high mortality of 10-30% worldwide, (Carapetis e a/., 2005; Walker ez al., 2014; Laabei and Ermert, 2019).
Likewise, E. coli is considered by the WHO to be one of the bacteria that threatens human health (WHO,
2017).

There are some literature data referring to the reduced or non-existent activity of propolis against E. coli
(Kosalec ez al., 2005; Gonsales ¢t al., 2006; Seidel e al., 2008). Regarding the antibacterial effect of propolis
against S. pyogenes, our studies are in accordance with those presented by Foke ez a/. (2010).

Like our studies, Ozkalp and Ozcan (2010) showed that propolis extract has a greater inhibitory effect
on tested bacteria compared to pollen. The same authors point out that propolis (400 and 600 ppm) has an
antibacterial effect comparable or even higher to some antibiotics (Ozkalp and Ozcan, 2010). The sensitivity
of S. pyogenes and E. coli was maintained at concentrations of 0.001-0.1% propolis, but there was an
insignificant regression in the case of other microbial species, the effect being cancelled for E. coli at 0.00001%
concentration. A possible explanation for the different levels of bacterial and fungal sensitivity to propolis
would be the propolis phytochemical profile, variation and synergistic action of bioactive components
(phenolic compounds) (Onlen ez al.,, 2007; Jug ez al., 2014; Przybylek and Karpiriski, 2019; Kharsany ez 4L,

2019), but also the nature of the microorganism.

13



Borozan AB et 4l. (2023). Not Bot Horti Agrobo 51(2):12826

Also, the antifungal effect of propolis is confirmed by Saced ez 4/. (2016). In addition, the results
obtained by AL-Ani ez al. (2018) on a wide range of clinically isolated or reference strains of the Candida genus
attest an antifungal MIC in the range of 0.6-2.5 mg/mL or fungicide effect of propolis (MFC in the range of
0.1 - 2.5 mg/mL), which supports the idea of propolis interference with yeast virulence factors (Bezerra ez al.,
2020). In terms of antimicrobial efficacy, 1% propolis was especially noticeable in our studies. For a clearer
picture of the microbial strains position on the sensitivity scale to propolis 1% a descending order was made: S.
pyogenes> E. coli> C. albicans> S. aureus > S. flexneri> P. aeruginosa and S. enterica.

Although the areas of inhibition produced by the three compounds (gallic acid, quercetin, catechin)
were smaller compared to propolis, their antimicrobial potential is not negligible, but the concentration should
be taken into account, because the biological action is reducing proportionally to the concentration.

Due to their complex structure, all three studied polyphenolic compounds and propolis produce
irreversible changes in membrane properties (charge, intra and extracellular permeability, and physicochemical
properties) through hydrophobicity changes, decrease of negative surface charge, and occurrence of local
rupture or pore formation in the cell membranes with consequent leakage of essential intracellular constituents
(Borges ez al., 2013; Araya-Cloutier ez al., 2018).

From the structural formulas of the three studied compounds, it is observed that gallic acid and catechin
(Figure 2) are distinguished by the multitude of phenolic hydroxyl groups that are recognized to have
antiproliferative and proapoptopic effect in different cell types. The phenolic hydroxyl groups of catechins and
gallic acid are primarily responsible for scavenging free radicals, whereas the galloyl moiety is involved in
chelating metal jons. The galloyl moiety appears to be required both for the antiproliferative, apoptotic and
antioxidant effects, but there is no clear structure-activity relationship (Braicu ez /., 2011).

Gallic acid is the subject of biological and pharmacological reports due to its antimicrobial and antiviral
action determined by some structural parameters (chemical structure, position and number of hydroxyl
groups) (Borges ez al., 2013; Choubey ez 4l., 2015).

The inhibitory effect of gallic acid on Gram-negative bacteria is attributed to the capacity of the outer
cell membrane disintegration (Nohynek ez al., 2006). P. aeruginosa and S. enterica showed high sensitivity to
all concentrations of gallic acid. The antibacterial activity of gallic acid against P. aeruginosa was also reported
by Borges ez al. (2013), at MIC of 500 pg/mL. The high sensitivity of bacterial species can be determined by
irreversible changes in membrane properties, loss of mobility, blockage of surface fixation and biofilm
formation (Kang ez 4/., 2008; Borges ez al., 2012; Shao ez al., 2015).

Although gallic acid can destroy the integrity of Gram-positive and Gram-negative bacterial membranes
(Shao ez al., 201), S. pyogenes (Gram-positive bacteria) is resistant to gallic acid. Contrary to these observations,
Tafesh ez al., (2011) noted that gallic acid was effective against Gram-positive bacteria S. pyogenes and S. aureus
at concentrations of 200-400 ug mL", but had no inhibitory effect on Gram negative bacteria.

Quercetin (Figure 2), present mainly in propolis and onions has chemoprotective properties. According
to Gopu et al. (2015) it may be a promising antibacterial agent against some Gram-negative species, due to
interrupting of the quorum sensing signalling and biofilm formation.

Our studies emphasize that S. enzerica (Gram negative bacterium) was resistant to all concentrations of
quercetin, and S. pyogenes only to the last three concentrations (0.3022% - 0.003%). Instead, this last bacterial
strain was sensitive to the highest concentration of quercetin (3.0224%), as evidenced by the following scheme:
S. pyogenes > C. albicans > P. aeruginosa> E. coli > S. flexneri and S. aureus.

Actually, Siriwong ez al. (2015) state that quercetin at MIC 128 g/mL interferes with the cytoplasmic
membrane of the bacterium S. pyogenes and modifies its selective permeability, a hypothesis proven by a slight
inhibition of growth.

Research done by Wang ez al. (2018) showed that quercetin had a stronger inhibitory effect on Gram-

positive bacteria compared to Gram-negative bacteria (S. enterica, P. aeruginosa, E. coli). On the contrary, Bozi¢
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et al. (2012) consider that quercetin has a high bacteriostatic effect against Gram-negative bacteria S. enterica
and E. coli, arguing the ability of quercetin to inhibit D-alanine ligase, preventing bacterial growth (Wu ez 4/,
2008).

The antimicrobial image given by 2.9028% catechin highlights the following descending order: C.
albicans > §. flexneri > E. coli and S. enterica > S. pyogenes and P. aeruginosa > S. aureus, considering that the
antibacterial and antifungal properties of this compound are also demonstrated by other authors (Hirasawa
and Takada, 2004; Sitheeque ¢z al., 2009; Reygaert, 2018).

Catechin is the best antifungal at 2.9028% concentration and a high bacteriostatic action against S.
Sflexneriand S. enterica was observed at 0.2902%. In accordance to our research, the strong antibacterial activity
of catechin (MIC between 0.025 and 0.1, respectively MBC 0.05-0.2 mg/mL) against enteric bacteria (S.
enterica, S. flexneri, E. coli) was also demonstrated by the results obtained by Bhattacharya ez al. (2016).

Catechin maintains its inhibitory effect on yeast even at 0.2902% concentration. With the reduction
of the propolis concentration, gallic acid and quercetin, the antifungal effect is significantly reduced, until the
complete cancellation at the last 2-3 concentrations (the case of propolis), a fact also proved by Awale ez 4.
(2005).

Conclusions

The antibacterial and antifungal activity of propolis, catechin, gallic acid and quercetin was relevant (at
some concentrations) even compared to conventional antibiotics.

Propolis and the three compounds can be considered natural antibiotics, due to their antimicrobial
effectat the concentrations mentioned in the results chapter and they can supplement the antibiotics ampicillin
and gentamicin.

The report of the results to the CLSI data confirms that the first two concentrations of propolis (0.1 -
1%) showed antimicrobial activity against . pyogenes and E. coli, comparable to ampicillin (D > 17 mm.) and
gentamicin (D 13-14 mm) respectively. This result is of particular importance, since the two species represent
areal problem for human health. Therefore, propolis has a higher antimicrobial activity compared to catechin,
quercetin and gallic acid.

Authors’ Contributions

Conceptualization, AB.B. and 1.G.; methodology, A.B.B. and 1.G; Analyzed the data: A.C;
investigation, A.B.B. and I.G.; resources, A.B.B. and I.G.; writing - original draft preparation, A.B.B., LG. and
C.M,; writing - review and editing and translation, A.B.B., 1.G. C.M. and S.P.; supervision, A.B.B., S.P. and
E.M.; funding acquisition, E.M.

All authors read and approved the final manuscript.

Ethical approval (for researches involving animals or humans)

Not applicable.

15



Borozan AB et 4l. (2023). Not Bot Horti Agrobo 51(2):12826
Acknowledgements

This research paper is supported by the project “Increasing the impact of excellence research on the
capacity for innovation and technology transfer within USAMVB Timisoara”, project code 6PFE, submitted
in the competition Program 1—Development of the national system of research-development, Subprogram
1.2-Institutional performance, Institutional development projects-Development projects of excellence in

RD.L

Conflict of Interests

The authors declare that there are no conflicts of interest related to this article.

References

Abachi S, Lee S, Rupasinghe HP (2016). Molecular mechanisms of inhibition of Streptococcus species by phytochemicals.
Molecules 21(2):215. hitps://doi.org/10.3390/molecules21020215

Akinpelu DA, Abioye EO, Aiyegoro OA, Akinpelu OF, Okoh AI (2015). Evaluation of antibacterial and antifungal
properties of Alchornea laxiflora (Benth.) Pax. & Hoffman. Evidence-Based Complementary and Alternative
Medicine 684839:1-6. http://dx.doi.org/10.1155/2015/684839.

AL-Ani [, Zimmermann S, Reichling J, Wink M (2018). Antimicrobial activities of European propolis collected from
various  geographic origins alone and in combination with antibiotics. Medicines 5(1):2.
bttps://doi.org/10.3390/medicinesS010002

Anjum SI, Ullah A, Khan KA, Attaullah M, Khan H, Ali H, ... Adgaba N (2019). Composition and functional properties
of propolis (bee glue): A review. Saudi Journal of Biological Sciences 26(7):1695-1703.
hitps://doi.org/10.1016/).5ibs.2018.08.013

Araya-Cloutier C, Vincken JP, van de Schans MG, Hageman J, Schaftenaar G, den Besten HM, Gruppen H (2018).
QSAR-based molecular signatures of prenylated (iso) flavonoids underlying antimicrobial potency against and
membrane-disruption in Gram positive and Gram-negative bacteria. Scientific Reports 8(1):1-14.
hitps://doi.org/10.1038/541598-018-27545-4.

Arct J, Pytkowska K (2008). Flavonoids as components of biologically active cosmeceuticals. Clinics in Dermatology
26(4):347-357. https://doi.org/10.1016/j.clindermatol.2008.01.004

Awale S, Shrestha SP, Tezuka Y, Ueda J, Matsushige K, Kadota S (2005). Neoflavonoids and related constituents from
Nepalese propolis and their nitric oxide production inhibitory activity. Journal of Natural Products 68(6):858-
864. https://doi.org/10.1021/np0S000%k

AyatollahiJ, Yazdi Yousefi Y, Shahcheraghi SH (2018). Study of drug resistance of Pseudomonas aeruginosa in Yazd, Iran,
during 2015-2016. International Journal of Infectious Diseases 5(3):¢68749. https://doi.org/10.5812/ji.68749

Bankova V, Popova M, Trusheva B (2016). New emerging fields of application of propolis. Macedonian Journal of
Chemistry and Chemical Engineering 35(1):1-11. https://doi.org/10.20450/mjcce.2016.864

Barros KBNT, Neto EMR, de Franga Fonteles MM (2019). Propolis and its cosmetic applications: a technological
prospection. Journal of Young Pharmacists 11(4):350. https://doi.org/10.5530/jyp.2019.11.72

Bayram S, Bayram NE, Gereek YC, Aydogan MN, Oz GC (2017). Chemical analysis and antimicrobial effect of propolis
from Hakkari province of Turkey against some pathogenic microorganisms. European Journal of Biology
76(2):74-78. https://doi.org/10.5152/EurJBiol.2017.1713

B¢ji-Srairi R, Younes I, Snoussi M, Yahyaoui K, Borchard G, Ksouri R, ... Wided MK (2020). Ethanolic extract of
Tunisian propolis: chemical composition, antioxidant, antimicrobial and antiproliferative properties. Journal of

Apicultural Research 1-11. hetps://doi.org/10.1080/00218839.2020.1732572

16



Borozan AB et 4l. (2023). Not Bot Horti Agrobo 51(2):12826

Berwal A, Chawla K, Shetty S, Gupta A (2019), Trend of antibiotic susceptibility of Streptococcus pyogenes isolated from
respiratory tract infections in tertiary care hospital in south Karnataka. Iranian Journal of Microbiology 11(1):13-
18.

Bezerra CRF, Borges KRA, Alves RDNS, Teles AM, Rodrigues IVP, da Silva MACN, ... de Barros Bezerra GF (2020).
Highly efficient antibiofilm and antifungal activity of green propolis against Candida species in dentistry material.
bioRxiv. hetp://dx.doi.org/10.1101/2020.01.27.920959 .

Bhattacharya D, Bhattacharya S, Patra MM, Chakravorty S, Sarkar S, Chakraborty W, ... Gachhui R (2016). Antibacterial
activity of polyphenolic fraction of kombucha against enteric bacterial pathogens. Current Microbiology
73(6):885-896. https://doi.org/10.1007/500284-016-1136-3

Bogdanov S, Bankova V (2017). Chapter 1 - Propolis: Origin, Production, Composition. In: The Propolis Book. Retrieved
2019 April 11 from: hztp://www.bee-hexagon.net

Borges A, Ferreira C, Saavedra MJ, Simoes M (2013). Antibacterial activity and mode of action of ferulic and gallic acids
against pathogenic bacteria. Microbial Drug Resistance 19(4):256-265. https://doi.org/10.1089/mdr.2012.0244

Borges A, Saavedra MJ, Simées M (2012). The activity of ferulic and gallic acids in biofilm prevention and control of
pathogenic bacteria. Biofouling 28(7):755-767. https://doi.org/10.1080/08927014.2012.706751

Bozi¢ M, Gorgieva S, Kokol V (2012). Homogeneous and heterogeneous methods for laccase-mediated functionalization
of chitosan by tannic acid and  quercetin.  Carbohydrate  Polymers  89(3):854-864.
https://doi.org/10.1016/j.carbpol.2012.04.021

Braicu C, Pilecki V, Balacescu O, Irimie A, Berindan Neagoe I (2011). The relationships between biological activities and
structure  of flavan-3-ols.  International Journal of Molecular Sciences  12(12):9342-9353.
bttps://doi.org/10.3390/ijms12129342

Bridi R, Montenegro G, Nuiiez-Quijada G, Giordano A, Mordn-Romero FM, Jara-Pezoa |, ... Lépez-Alarcén C (2015).
International regulations of propolis quality: Required assays do not necessarily reflect their polyphenolic-related
in vitro activities. Journal of Food Science 80:C1188-C1195. hetps://doi.org/10.1111/1750-3841.12881

Buriol L, Finger D, Schmidt EM, Dos Santos JM, Da Rosa MR, Quindia SP, Costa-Lotufo LV (2009). Chemical
composition and biological activity of il propolis extract: An alternative to ethanolic extract [composi¢io quimica
e atividade biolégica de extrato oleoso de prépolis: Uma Alternativa Ao Extrato Etanélico]. Quimica Nova
32(2):296-302.

Carapetis JR, Steer AC, Mulholland EK, Weber M (2005). The global burden of group A streptococcal diseases. The
Lancet Infectious Diseases 5(11):685-694. https://doi.org/10.1016/S1473-3099(05)70267-X

Cauich-Kumul R, Campos MRS (2019). Bee propolis: properties, chemical composition, applications, and potential
health effects. In: Bioactive Compounds, Bioactive Compounds Health Benefits and Potential Applications.
Woodhead Publishing, pp 227-243. https://doi.org/10.1016/B978-0-12-814774-0.00012-8

Choubey S, Varughese LR, Kumar V, Beniwal V (2015). Medicinal importance of gallic acid and its ester derivatives: a
patent review. Pharmaceutical Patent Analyst 4(4):305-315. hetps://doi.org/10.4155/ppa.15.14

Ciulca S (2006). Metodologii de experimentare in agricultura si biologie [Experimental methodologies in agriculture and
biology]. Agroprint, Timisoara, Romania.

CLSI(2011). Clinical and Laboratory Standards Institute. Performance standards for antimicrobial susceptibility testing:
Twenty First International Supplement M100-S21. Clinical and Laboratory Standards Institute, Wayne, PA; (for
bacteria).

CLSI (2004). Method for antifungal Disk Diffusion Susceptibility Testing of Yeasts: Approved Guidelines vol. 24, No.
15, (formely NCCLS) document M44-A (for C. albicans 10231)

De Groot AC (2013). Propolis: A review of properties, applications, chemical composition, contact allergy, and other
adverse effects. Dermatitis 24:263-282. https://doi.org/10.1097/DER.000000000000001 1

del Mar Cendra M, Blanco-Cabra N, Pedraz L, Torrents E (2019). Optimal environmental and culture conditions allow
the in vitro coexistence of Pseudomonas aeruginosa and Staphylococcus aureus in stable biofilms. Scientific Reports
9(1):1-17. https://doi.org/10.1038/s41598-019-52726-0

DHHS (2019). Department of Health and Human Services. State of Victoria, Melborne, Australia, Antimicrobial
resistance among Victorian Shigella isolates. Retrieved 2020 July 3 from:
hitps://www.health.vic.gov.an/publications/antimicrobial-resistance-among-victorian-shigella-isolates-1-january-to-
31-december

17



Borozan AB et 4l. (2023). Not Bot Horti Agrobo 51(2):12826

ECDC (2018). European Centre for Disease Prevention and Control. Summary of the latest data on antibiotic
consumption in the European Union. Stockholm; ESAC-Net surveillance data November 2018. Retrieved 2020
July 3 from:  bttps://www.ecdc.europa.eu/sites/defanlt/files/documents/summary-latest-data-antimicrobial-
consumption-EU-EEA_0.pdf

EC 1 (European Commission). Retrieved 2020 June 23 from: hetps://ec.europa.en/health/amr/antimicrobial-resistance_en

EC 2 (European Commission). Retrieved 2020 June 23 from:
bttp://ec.europa.eu/food/safery/labelling nutrition/claims/register/public/

Fokt H, Percira A, Ferrcira AM, Cunha A, Aguiar C (2010). How do bees prevent hive infections? The antimicrobial
properties of propolis. Current Research, Technology and Education Topics in Applied Microbiology and
Microbial Biotechnology 1:481-493.

Ghasemi FS, Eshraghi SS, Andalibi F, Hooshyar H, Kalantar-Neyestanaki D, Samadi A, Fatahi-Bafghi M (2017). Anti-
bacterial effect of propolis extract in oil against different bacteria. Zahedan Journal of Research in Medical Sciences
19(3):¢7225.

Gonsales GZ, Orsi RO, Fernandes Junior A, Rodrigues P, Funari SRC (2006). Antibacterial activity of propolis collected
in different regions of Brazil. Journal of Venomous Animals and Toxins Including Tropical Diseases 12(2):276-
284. https://doi.org/10.1590/51678-91992006000200009

Gopu V, Meena CK, Shetty PH (2015). Quercetin influences quorum sensing in food borne bacteria: in-vitro and in-silico
evidence. PLoS One 10(8):¢0134684. https://doi.org/10.1371/journal.pone.0134684

Graikou K, Popova M, Gortzi O, Bankova V, Chinou I (2016). Characterization and biological evaluation of selected
Mediterranean propolis samples: is it a new type?, LWT-Food Science and Technology 65:261-267.
https://doi.org/10.1016/).lwt.2015.08.025

Hirasawa M, Takada K (2004). Multiple effects of green tea catechin on the antifungal activity of antimycotics against
Candida albicans. Journal of Antimicrobial Chemotherapy 53(2):225-229. heps://doi.org/10.1093 /jac/dkh046

Huang S, Zhang C-P, Wang K, Li GQ, Hu F-L (2014). Recent advances in the chemical composition of propolis.
Molecules 19:19610-19632. https://doi.org/10.3390/molecules191219610

Jug M, Koncic MZ, Kosalec I (2014), Modulation of antioxidant, chelating and antimicrobial activity of poplar chemo-
type propolis by extraction procures. LWT Food Science and Technology 57:530-537.
https://doi.org/10.1016/).lwt.2014.02.006

Kang MS, OhJS, Kang IC, Hong SJ, Choi CH (2008). Inhibitory effect of methyl gallate and gallic acid on oral bacteria.
The Journal of Microbiology 46(6):744-750. https://doi.org/10.1007/s12275-008-0235-7

Kedzia B, Holderna-Kedzia E (2013). The antibiotic activity of native and European propolis. Postepy Fitoterapii 2:97-
107.

Kharsany K, Viljoen A, Leonard C, van Vuuren S (2019). The new buzz: Investigating the antimicrobial interactions
between bioactive compounds found in South African propolis. Journal of Ethnopharmacology 238:111867.
https://doi.org/10.1016/j.jep.2019.111867

Kocot ], Kielczykowska M, Luchowska-Kocot D, Kurzepa J, Musik I (2018). Antioxidant potential of propolis, bee pollen,
and royal jelly: Possible medical application. Oxidative Medicine and Cellular Longevity 7074209:1-29.
https://doi.org/10.1155/2018/7074209

Kosalec I, Pepeljnjak S, Bakmaz M, Vladimir-Knezevi¢ S (2005). Flavonoid analysis and antimicrobial activity of
commercially available propolis products. Acta Pharmaceutica 55(4):423-430.

Laabei M, Ermert D (2019). Catch me if you can: Streprococcus pyogenes complement evasion strategies. Journal of Innate
Immunity 11(1):3-12. https://doi.org/10.1159/000492944

Lavinas FC, Macedo EHB, S4 GB, Amaral ACF, Silva JR, Azevedo M, ... Rodrigues IA (2019). Brazilian stingless bee
propolis and geopropolis: promising sources of biologically active compounds. Revista Brasileira de Farmacognosia
29(3):389-399. https://doi.org/10.1016/5.bjp.2018.11.007

Mirghitag LA, Dezmirean DS, Bobis O (2013). Important developments in Romanian propolis research. Evidence Based
Complementary and Alternative Medicine 159392. hztps://doi.org/10.1155/2013/159392

Mohammed FS, Akgul H, Sevindik M, Khaled BMT (2018). Phenolic content and biological activities of Rbus coriaria
var. zebaria. Fresenius Environmental Bulletin 27(8):5694-5702.

Mohammed FS, Karakas M, Akgiil H, Sevindik M (2019). Medicinal properties of Allium calocephalum collected from
Gara Mountain (Iraq). Fresenius Environmental Bulletin 28(10):7419-7426.

18



Borozan AB et 4l. (2023). Not Bot Horti Agrobo 51(2):12826

Mohanty S, Baliyarsingh B, Nayak SK (2020). Antimicrobial resistance in Pseudomonas aeruginosa: A concise review. In
Antimicrobial Resistance. hztps://doi.org/10.5772/intechopen.88706

Mohdaly AA, Mahmoud AA, Roby MH, Smetanska I, Ramadan MF (2015). Phenolic extract from propolis and bee
pollen: composition, antioxidant and antibacterial activities. Journal of Food Biochemistry 39(5):538-547.
bttps://doi.org/10.1111/jfbc. 12160

Miinstedt K (2019). Bee products and the treatment of blister-like lesions around the mouth, skin and genitalia caused by
herpes viruses - A systematic review. Complementary Therapies in Medicine 43:81-84.

NCBI1  (National ~Center for Biotechnology Information). Retrieved 2022 June 28 from:
bttps://pubchem.ncbi.nlm.nib.gov/compound/

NCBI2 (National Center for Biotechnology Information). Retrieved 2022 June 28 from:
bitps://pubchem.ncbi.nlm.nib.gov/

NCBI3  (National Center for Biotechnology Information). Retrieved 2022 June 28 from:
https://pubchem.nchi.nlm.nib.gov/compound/catechin

NCBI3 (National Center for Biotechnology Information). Retrieved 2022 June 28 from:
bttps://pubchem.ncbi.nlm.nih.gov/compound/

Nohynek LJ, Alakomi HL, Kihkonen MP, Heinonen M, Helander IM, Oksman-Caldentey KM, Puupponen-Pimii RH
(2006). Berry phenolics: antimicrobial properties and mechanisms of action against severe human pathogens.
Noutrition and Cancer 54(1):18-32. https://doi.org/10.1207/s15327914nc5401_4

Onlen Y, Duran N, Atik E, Savas L, Altug E, Yakan S, Aslantas O (2007). Antibacterial activity of propolis against MRSA
and synergism with topical mupirocin. Journal of Alternative and Complementary Medicine 13(7):713-718.
bttps://doi.org/10.1089/acm.2007.7021

Osés SM, Marcos P, Azofra P, de Pablo A, Fernindez-Muiio MA, Sancho MT (2020). Phenolic profile, antioxidant
capacities and enzymatic inhibitory activities of propolis from different geographical areas: Needs for analytical
harmonization. Antioxidants 9(1):75. https://doi.org/10.3390/antiox9010075

Ozkalp B, Ozcan MM (2010). Antibacterial activity of pollen and propolis extracts. Journal of Food, Agriculture &
Environment 8(2):17-19.

Pasupuleti VR, Sammugam L, Ramesh N, Gan SH (2017). Honey, propolis, and royal jelly: a comprehensive review of
their biological actions and health benefits. Oxidative Medicine and Cellular Longevity 1259510:1-21.
hetps://doi.org/10.1155/2017/1259510

Pessini GL, Dias Filho BP, Nakamura CV, Cortez DAG (2005). Antifungal activity of the extracts and neolignans from
Piper regnellii (Miq.) C. DC. var. pallescens (C. DC.) Yunck. Journal of the Brazilian Chemical Society
16(6A):1130-1133. hetps://doi.org/10.1590/50103-50532005000700007

Popescu GA, Serban R, Pistol A (2016). Consumul de antibiotice, rezistenta microbiani si infectii nosocomiale in
Rominia-2014, (CARMIN-ROM  2017), Bucuresti.  Retrieved 2020  June 24  from:
http://www.cnscbt.ro/index.php/analiza-date-supraveghere/infectii-nosocomiale-1/961-consumul-de-antibiotice-
rezistenta-microbiana-si-infectiile-asociate-asistentei-medicale-in-romania-2016/file

Przybylek I, Karpiiski TM (2019). Antibacterial properties of propolis. Molecules 24(11):2047.
bttps://doi.org/10.3390/molecules24112047

Raba DN, Poiana MA, Borozan AB, Stef M, Radu F, Popa MV (2015). Investigation on crude and high-temperature
heated coffee oil by ATR-FTIR spectroscopy along with antioxidant and antimicrobial properties. PlosOne
10(9):€0138080. hztps://doi.org/10.1371/journal.pone.0138080

Ramanauskiene K, Inkeniene AM, Savickas A, Masteikova R, Brusokas V (2009). Analysis of the antimicrobial activity of
propolis and lysozyme in semisolid emulsion systems. Acta Polonica Pharmaceutica 66(6):681-688.

Rayan M, Abu-Farich B, Basha W, Rayan A, Abu-Lafi S (2020). Correlation between antibacterial activity and free-radical
scavenging: In-vitro evaluation of polar/non-polar extracts from 25 plants. Processes 8(1):117.
https://doi.org/10.3390/pr8010117

Reygaert WC (2018). Green tea catechins: their use in treating and preventing infectious diseases. BioMed Research
International 9105261:1-9. hetps://doi.org/10.1155/2018/9105261

Saced F, Ahmad RS, Arshad MU, Niaz B, Batool R, Naz R, Ansar Rasul Suleria H (2016). Propolis to curb lifestyle related
disorders: ~ An  overview.  International  Journal = of  Food  Properties 19(2):420-437.
https://doi.org/10.1080/10942912.2012.745131

19



Borozan AB et 4l. (2023). Not Bot Horti Agrobo 51(2):12826

Sarigoban C, Sabire Y (2016). As a protective material: propolis. Journal of Agroalimentary Processes and Technologies
22(2):56-63.

Sawaya AC, Souza KS, Marcucci MC, Cunha I, Shimizu MT (2004). Analysis of the composition of Brazilian propolis
extracts by chromatography and evaluation of their 7z vitro activity against gram-positive bacteria. Brazilian
Journal of Microbiology 35(1-2):104-109. https://doi.org/10.1590/81517-83822004000100017

Seidel V, Peyfoon E, Watson DG, Fearnley J (2008). Comparative study of the antibacterial activity of propolis from
different  geographical ~ and  climatic  zones. Phytotherapy ~ Research 22(9):1256-1263.
hitps://doi.org/10.1002/ptr.2480

Sevindik M, Akgul H, Pehlivan M, Selamoglu Z (2017). Determination of therapeutic potential of Mentha longifolia ssp.
longifolia. Fresenius Environmental Bulletin 26(7):4757-4763

Sforcin JM (2016). Biological properties and therapeutic applications of propolis. Phytotherapy Research 30(6):894-905.
https://doi.org/10.1002/ptr.5605

Shama M, Murugesan K, Vijayan H (2018). Isolation identification and antibiotic sensitivity pattern of pyogens from
pyogenic pathogens. Biomedical & Pharmacology Journal 11(1):463. https://dx.doi.org/10.13005/bpj/ 1395

Shao D, LiJ, Li J, Tang R, Liu L, Shi J, Huang Q, Yang H (2015). Inhibition of gallic acid on the growth and biofilm
formation of Escherichia coli and Streptococcus mutans. Journal of Food Science 80(6):M1299-M1305,
https://doi.org/10.1111/1750-3841.12902

Siriwong S, Teethaisong Y, Thumanu K, Dunkhunthod B, Eumkeb G (2016). The synergy and mode of action of
quercetin plus amoxicillin against amoxicillin-resistant Staphylococcus epidermidis. BMC Pharmacology and
Toxicology 17(1):1-14. https://doi.org/10.1186/540360-016-0083-8

Siriwong S, Thumanu K, Hengpratom T, Eumkeb G (2015). Synergy and mode of action of ceftazidime plus quercetin
or luteolin on Streptococcus pyogenes. Evidence-Based Complementary and Alternative  Medicine.
hitps://doi.org/10.1155/2015/759459

Sitheeque MAM, Panagoda GJ, Yau ], Amarakoon AMT, Udagama URN, Samaranayake LP (2009). Antifungal activity
of black tea polyphenols (catechins and theaflavins) against Candida species. Chemotherapy 55(3):189-196.
bttps://doi.org/10.1159/000216836

Stepanovi¢ S, Anti¢ N, Daki¢ I, Svabi¢-Vlahovi¢ M (2003). I vitro antimicrobial activity of propolis and synergism
between  propolis  and  antimicrobial  drugs. = Microbiological = Rescarch  158(4):353-357.
https://doi.org/10.1078/0944-5013-00215

Sun C, WuZ, WangZ, Zhang H (2015). Effect of ethanol/water solvents on phenolic profiles and antioxidant properties
of Beijing propolis extracts. Evidence-Based Complementary and Alternative Medicine 595393:1-9.
https://doi.org/10.1155/2015/595393

Tafesh A, Najami N, Jadoun J, Halahlih F, Riepl H, Azaizeh H (2011). Synergistic antibacterial effects of polyphenolic
compounds from olive mill wastewater. Evidence-Based Complementary and Alternative Medicine.
hetps://doi.ong/10.1155/2011/431021

Tosisa W, Mihret A, Ararsa A, Eguale T, Abebe T (2020). Prevalence and antimicrobial susceptibility of Sa/monella and
Shigella  species isolated from diarrheic children in Ambo town. BMC Pediatrics 20(1):1-8.
hetps://doi.0rg/10.1186/s12887-020-1970-0

Touzani S, Embaslat W, Imtara H, Kmail A, Kadan S, Zaid H, ... Saad B (2019). I vitro evaluation of the potential use
of propolis as a multitarget therapeutic product: physicochemical properties, chemical composition, and
immunomodulatory, antibacterial, and anticancer properties. BioMed Research International 4836378:1-11.
https://doi.org/10.1155/2019/4836378

Tiirk HD, Yiiksckkaya §, Seyhan T, Findik D, Tuncer I, Arslan U (2018). Investigation of Streprococcus pyogenes virulence
factors and typing by multiple locus variable number tandem repeat fingerprinting (MLVF) method.
Mikrobiyoloji Bulteni 52(3):233-246.

Veiga RS, De Mendonga S, Mendes PB, Paulino N, Mimica MJ, Lagareiro Netto A4, ... Marcucci MC (2017). Artepillin
C and phenolic compounds responsible for antimicrobial and antioxidant activity of green propolis and Baccharis

dracunculifolia DC. Journal of Applied Microbiology 122:911-920. https://doi.org/10.1111/jam.13400

20



Borozan AB et 4l. (2023). Not Bot Horti Agrobo 51(2):12826

Walker MJ, Barnett TC, McArthur JD, Cole JN, Gillen CM, Henningham A4, ... Nizet V (2014). Disease manifestations
and pathogenic mechanisms of group A Streptococcus. Clinical Microbiology Reviews 27(2):264-301.
hetps://doi.org/10.1128/CMR.00101-13

Wang$, Yao ], Zhou B, Yang ], Chaudry MT, Wang M, ... Yin W (2018). Bacteriostatic effect of quercetin as an antibiotic
alternative in wvivo and its antibacterial mechanism iz vitro. Journal of Food Protection 81(1):68-78,
https://doi.org/10.4315/0362-028X JFP-17-214

WHO (2019). World Health Organization model list of essential medicines: 21 list 2019. Retrieved 2020 July 1** from:
hitps://apps.who.int/iris/handle/10665/325771

WHO (2017). World Health Organization. Retrieved 2020 September 26 from: htps://www.who.int/news-
room/detail/27-02-2017-who-publishes-list-of-bacteria-for-which-new-antibiotics-are-urgently-needed

Wu D, Kong Y, Han C, Chen J, Hu L, Jiang H, Shen X (2008). D-Alanine: D-alanine ligase as a new target for the
flavonoids quercetin and apigenin. International Journal of Antimicrobial Agents 32(5):421-426.
https://doi.org/10.1016/j.ijantimicag.2008.06.010

Yan W, Kang MS (2002). GGE biplot analysis: A graphical tool for breeders, geneticists, and agronomists. CRC Press:
Boca Raton, FL, USA.

Zhang X, Li T, Chen X, Wang S, Liu Z (2018). Nystatin enhances the immune response against Candida albicans and
protects the ultrastructure of the vaginal epithelium in a rat model of vulvovaginal candidiasis. BMC Microbiology
18(1):166. hrtps://doi.org/10.1186/512866-018-1316-3

The journal offers free, immediate, and unrestricted access to peer-reviewed research and scholarly work. Users are
OPEN 7% ACCESS| allowed to read, download, copy, distribute, print, search, or link to the full texts of the articles, or use them for any
other lawful purpose, without asking prior permission from the publisher or the author.
License - Articles published in Notulae Botanicae Horti Agrobotanici Cluj-Napoca are Open-Access,
distributed under the terms and conditions of the Creative Commons Attribution (CC BY 4.0) License.

BY © Articles by the authors; Licensee UASVM and SHST, Cluj-Napoca, Romania. The journal allows the author(s) to

hold the copyright/to retain publishing rights without restriction.

Notes:

»  Material disclaimer: The authors are fully responsible for their work and they hold sole responsibility for the articles published
in the journal.

»  Maps and affiliations: The publisher stay neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

»  Responsibilities: The editors, editorial board and publisher do not assume any responsibility for the article’s contents and for
the authors’ views expressed in their contributions. The statements and opinions published represent the views of the authors
or persons to whom they are credited. Publication of research information does not constitute a recommendation or
endorsement of products involved.

21



