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ABSTRACT

In this study, the antibacterial activity of 10 honeys at three concentrations 50%, 25%, and 12.5% was tested against two G and two G*
strains, also the microbiological quality of the honeys in terms of the representation of total count of bacteria, coliforms, yeasts, and
filamentous fungi was evaluated, and micromycetes to the species level were identified. Antibacterial activity of the honeys was assayed
using well diffusion method, determination of microbial groups by the pour plate method and diversity of mycobiota in honey according
to macro- and micromorphological characteristics. Results showed the antibacterial effects of Slovak honey collected from the Spis region,
against bacterial strains Escherichia coli, Pseudomonas fluorescens, Enterococcus faecalis, and Staphylococcus aureus, which are among
the most common bacteria responsible for nosocomial infections. We found that honeydew honey was very effective against E. coli and
S. aureus, rapeseed honey against P. fluorescens, and mixed honey (no. 10) against E. faecalis. Staphylococcus aureus was the most
susceptible bacteria tested for all honeys. The presence of both yeasts and molds was detected in 3 honey samples at concentrations ranging
from <4x10* to 3.6x10* CFU/g, while the total count of bacteria was detected in 9 samples at concentrations ranging from 2.3x10* to
3.6x10? CFU/g (in 1 sample, the occurrence of microorganisms was not recorded even at the lowest dilution of 10%). Coliforms were not
isolated. A total of 3 strains belonging to the Aspergillus section Nigri were identified. The microbiological analyses of the samples

indicates that the honeys were produced, processed and stored in accordance with the rules of good hygiene practice.
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INTRODUCTION

Honey is produced by bees from the nectar of various plants or from honeydew (a
sticky, sugar-rich secretion of aphids) through the enzymatic processing of these
raw materials and the evaporation of water, resulting in a final water content of no
more than 20% for most types of honey. Historically, honey was humanity's first
sweetener. In addition to its appealing organoleptic properties, ancient people
quickly recognized the numerous health benefits of regular honey consumption,
such as the alleviation of gastrointestinal disorders and cardiovascular issues
related to peptide defensin-1 (Bucekova et al., 2020) or other minor components
(Kuropatnicki et al., 2018; Samarghandian et al., 2017). However, the most
significant use of honey was its topical application in treating a wide range of
injuries (Angioi et al., 2021). Consequently, honey became a crucial remedy in
traditional and folk medicine. It is important to note that the components
responsible for honey's high therapeutic and prophylactic potential are sensitive to
thermal processing, prolonged storage, and heavily depend on the botanical source
of the nectar. The chemical composition of honey varies significantly based on its
botanical and geographical origin, as well as other factors like climatic conditions
and beekeeping practices (da Silva et al., 2016). Numerous research studies have
highlighted honey's biological properties, including its antioxidant, antimicrobial,
antidiabetic, and anticancer effects (Rao et al., 2016). Among the various health
benefits of honey, its antimicrobial activity has traditionally been attributed to its
high osmolarity and acidity (Bose, 1982), low water activity, and the disruption of
bacterial cell membranes due to antibacterial hydrogen peroxide and phenolic
compounds (Russell et al., 1990). Enzymes from bee saliva, such as glucose
oxidase, and peptides like defensin-1, are crucial for honey's antimicrobial
properties and its microbial stability (Bucekova et al., 2019). Bee defensin-1, a
common Yyet variable antibacterial component in honey (Bachanova et al., 2002;
Shen et al., 2012), is particularly effective against Gram-positive bacteria. Few
microorganisms can survive or thrive in honey. Those present usually originate
from primary contamination sources, such as the honeybee's digestive tract, natural
environmental sources like nectar, pollen, propolis, air, flowers, and the hive
environment. Secondary sources include contamination during postharvest

processing from plants and equipment. While pathogenic bacteria capable of
forming spores can persist in honey, they cannot reproduce or form vegetative
cells. Filamentous fungi and yeasts can maintain their vegetative forms (Silva et
al., 2017). Fungal growth, which can lead to mycotoxin production, commonly
involves fungi like Aspergillus spp. and Penicillium spp. (Foley et al., 2014;
Naseer et al., 2015; Sinacori et al., 2014). However, the presence of fungi does
not necessarily indicate mycotoxin presence, as the conditions for fungal growth
differ from those for mycotoxin production (Barkai-Golan and Paster, 2008).
Regarding yeasts, Sinacori et al. (2014) identified species such as Debaryomyces
hansenii, Zygosaccharomyces rouxii, Zygosaccharomyces mellis, Aureobasidium
pullulans, and Cryptococcus uzbekistanensis in honey. Of these, only
Cryptococcus species have been associated with human pathogenicity. The
objective of our study was to investigate the in vitro antibacterial effect of honey
obtained from the Spis region of Slovakia against some G™ bacteria (Escherichia
coli, Pseudomonas fluorescens) and G* bacteria (Enterococcus faecalis,
Staphylococcus aureus), to investigate the microbiological quality of honey, and
their mycological diversity.

MATERIAL AND METHODS
Honey samples

The study was carried out on 10 honey samples obtained from eight local
beekeepers in the Spis region of Slovakia (Tab 1). Each sample was collected in
sterile glass container and stored at room temperature in the dark until testing.
Samples were labelled according to location and honey type. They were collected
in the summer of 2021 (from June to August).
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Table 1 Origin and type of honey samples

Location Type of honey

1. Batizovce mixed

2. Batizovce mixed

3. Betlanovce polyfloral + willow
4. Hranovnica rapeseed

5. Hranovnica buckwheat + milk thistle
6. Kezmarok mixed

7. Levoéska dolina honeydew

8. Slovensky raj mixed

9. Slovensky raj mixed

10. Spissky Stiavnik mixed

Bacterial strains

Four species of bacteria were used to determine the antimicrobial activity.
Enterococcus faecalis (CCM 1875) and Staphylococcus aureus (CCM 299) were
used as representatives of Gram-positive bacteria, and Escherichia coli (CCM
4225) and Pseudomonas fluorescens (CCM 1969) as Gram-negative bacteria. All
cultures of microorganisms were obtained from the Czech collection of
microorganisms of Masaryk University in Brno.

Well diffusion method

The antimicrobial activity of honey was tested using the well diffusion method.
Bacterial inoculum was cultured for 24 hours in Mueller Hinton Broth (MHB,
Oxoid, Basingstoke, UK) at 37°C. A total of 100 pL of the inoculum at a
concentration of 0.5 McFarland Units (MFU) was applied to Petri dishes
containing Mueller Hinton Agar (MHA, Oxoid, Basingstoke, UK). Honey was
serially diluted with sterile distilled water to final concentrations of 50%, 25%, and
12.5%. Using a sterile 8 mm diameter cork borer, wells were created in the agar
medium, and each honey dilution was added into the wells. Erythromycin, a
standard antibiotic (Oxoid, Basingstoke, UK), was used as a control. The plates
were incubated at 37°C for 24 hours to allow diffusion. After incubation, inhibition
zones were measured from the edge of the well to the border of bacterial growth at
three points. All assays were performed in triplicate.

Determination of microbial groups

The cultivation conditions of microorganisms are presented in table 2. Total count
of bacteria, coliforms, yeasts, and filamentous microscopic fungi in honey samples
were determined by the pour plate method. Ten grams of each honey sample were
homogenized with 90 mL of physiological solution. The samples were diluted to
107, Further dilution was made using sterile peptone water. From appropriate
serial dilutions, a 0.1 mL aliquot was plated on various types of media for microbial
counts. We followed the valid Slovak Technical Standards (STN). Analyses were
performed in duplicate.

Table 2 Microbiological analyses of microbial groups in honey samples by pour plate method

Microbial groups Medium Dilution Length of cultivation Temperature of cultivation (°C) Method

TCB PCA 107, 10 72+£3 h 30+1 STN EN ISO 4833
CB VRBA 107, 102 24+2 h 37+1 STN EN ISO 4832
Yeasts DG18 101, 102 5 days 25+1 STN EN IS0 21527-2
FF DG18 107, 10 7 days 25+1 STN EN ISO 21527-2

Legend: TCB — Total count of bacteria, CB — Coliform bacteria, FF — Filamentous fungi, PCA - Plate count agar, VRBA - Violet red bile agar, DG18 - Dichloran-

glycerol agar

Identification of filamentous fungi

Taxonomic identification of all isolates was conducted through macroscopic and
microscopic observation, following the guidelines of Pitt and Hocking (2009).
Aspergillus strains were incubated on CYA (Czapek Yeast Agar) (Samson et al.,
2010), MEA (Malt Extract Agar) (Samson et al., 2010), and CY20S (Czapek Yeast
Extract Agar with 20% Sucrose) (Pitt and Hocking, 2009). After seven days of
incubation at 25 + 1°C in darkness, the macroscopic and microscopic
characteristics were observed according to relevant mycological literature: Klich
(2002) and Pitt and Hocking (2009).

RESULTS AND DISCUSSION

Results of antibacterial effect of honey

The antibacterial effect of 10 different honey samples on 4 different bacteria was
assessed by the agar well diffusion method. Results and the mean + SD are
presented in table 3 and 4. According to table 3, all honeys were found to exhibit
inhibitory effects against Gram-negative bacteria Escherichia coli and
Pseudomonas fluorescens at concentrations of 50%, 25%, and 12.5%, respectively.
E. coli was chosen to represent species which might became clinically important
and responsible for a number of diseases (Khan et al., 2015). Pseudomonas
fluorescens can cause bacteremia in humans, with most reported cases linked to
the transfusion of contaminated blood products or the use of contaminated
equipment associated with intravenous infusions (Scales et al., 2014). These
bacteria can also cause nosocomial infections, also known as healthcare-associated
infections.

In our study, Pseudomonas fluorescens was found to be a more sensitive bacteria
than E. coli. The antibacterial activity of 50% concentration of honey samples
against E. coli was found in samples with zones ranging from 23.5 mm (no. 4) to
27 mm. The best antibacterial activity was found in honey sample 7, which was a
honeydew honey. Similarly, the best antibacterial activity was observed in the
same honey at 25% concentration with an inhibition zone of 23.18 mm. Honey at
a concentration of 12.5% also showed antibacterial effect ranging from 10.2 mm
(no. 1) to 17 mm. The best antibacterial activity was observed in honey sample 3,
which was polyfloral honey with willow.

The strongest antibacterial activity of the honeys against Gram-negative bacteria
P. fluorescens was found at 50% concentration with an inhibition zone ranging
from 34.68 mm (no. 6) to 39 mm. The best antibacterial activity was found in honey
sample 2, which was a mixed honey. All samples were also effective at 25% honey
concentration with inhibition zones between 25 mm (no. 10) and 36 mm. The best
antibacterial activity was found in honey sample no. 4, which was a rapeseed
honey. This honey also showed the highest activity against P. fluorescens at a
concentration of 12.5% with an inhibition zone of 35.5 mm. Kaé&aniova et al.
(2022) investigated the antibacterial activity of 100 honey samples from various
floral origins, sourced from Slovakian apiaries and the local market, using the agar
well diffusion method. At a 50% concentration, the inhibition zones of the honey
samples against Pseudomonas aeruginosa ranged from 0.00 to 17.67 mm, with the
highest inhibition observed in linden honey obtained from a countryside
beekeeper. Sixty-eight honey samples showed no inhibitory effect against this
microorganism. At a 25% concentration, 12 honey samples exhibited antibacterial
activity against P. aeruginosa, with inhibition zones ranging from 6.67 to 10.67
mm, again with linden honey showing the best results. At a 12.5% concentration,
antibacterial effects were observed in 12 samples, with inhibition zones ranging
from 4.33 to 8.33 mm, the best being in multifloral honey from a town beekeeper.
Despite the fact that our samples also came from Slovakia, the honeys in our study
showed higher inhibition zones and stronger antibacterial effects at all three
concentrations. The antibacterial activity of honey likely depends on the pasture
where the bees were raised, climatic conditions, and the natural composition of the
floral nectar (Abd-El Aal et al., 2007)., the osmolarity of the honey, the H,0,
content, the low pH, and the phenolic acid and flavonoid content (Almasaudi,
2021). In a study by Wilkinson and Cavanagh (2005), the antibacterial activity
of 13 honeys against Escherichia coli and Pseudomonas aeruginosa was assessed
using the well diffusion method. All the tested honeys at 10% and 5%
concentrations inhibited the growth of both bacteria. No honey exhibited activity
at a 1% concentration, and only 5 honeys were active against E. coli and 6 against
P. aeruginosa at a 2.5% concentration. E. coli was more susceptible to inhibition
by the honeys than P. aeruginosa. The results obtained in our study do not align
with their findings, as P. fluorescens was found to be more sensitive to the honey
samples than E. coli.
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Table 3 Antibacterial effect of honey on growth of Gram-negative bacteria

Escherichia coli

Pseudomonas fluorescens

Samples Concentration of honey - diameter of inhibition zones (mm)
50% 25% 12.5% 50% 25% 12.5%

1. mixed 26.00+0.55 19.50+0.84 10.20+0.84 38.00£1.00 26.12+1.14 18.50+1.14
2. mixed 26.50+1.30 19.70+0.55 10.50+1.14 39.00+0.84 29.00+0.84 11.18+0.89
3.P+W 26.00+1.00 22.80+1.87 17.00+1.00 36.08+0.75 33.00+0.75 24.62+0.38
4. rape 23.50+0.55 21.00+0.84 15.50+0.55 37.90+0.23 36.00+0.79 35.50+1.12
5B+T 24.60+1.58 19.00+1.00 11.50+1.30 35.00£0.55 29.70+0.55 19.80£1.30
6. mixed 25.00+2.24 21.80+1.30 15.20+0.86 34.68+0.43 32.40+2.07 20.00+1.58
7. honeydew 27.00+1.00 23.18+0.89 16.50+1.19 38.72+1.58 34.20+0.86 22.50+1.12
8. mixed 25.90+0.23 19.30+0.92 10.68+0.58 37.90+0.74 25.50+0.55 19.20+0.86
9. mixed 25.60+2.10 21.00+1.00 15.90+1.30 37.90+0.23 33.80+1.87 20.32+0.60
10. mixed 25.50+0.55 20.00+0.84 11.00+0.84 38.00+0.79 25.00+1.58 23.72+1.19

Legend: P + W - polyfloral + willow, B + T - buckwheat + thistle

Results showed antibacterial effects of Slovak honey also against Gram-positive
bacteria Enterococcus faecalis and Staphylococcus aureus (Tab 4). Enterococci
are often associated with urinary tract and wound infections. S. aureus is
considered one of the most important pathogens, responsible for nosocomial
infections (Khan et al., 2015). The antibacterial activity of the honeys at 50%
concentration against E. faecalis using the well diffusion method ranged from 22.6
mm (mixed honey, no. 6) to 25.78 mm. The highest value of inhibition was found
in three samples, no. 7, 9, and 10. No. 7 was a honeydew honey, no. 9 and 10 were
mixed honey. At 25 % honey concentration, the antibacterial activity ranged from
15.1 (mixed honey, no. 6) to 24.2 mm (mixed honey, no. 10). Honey with a
concentration of 12,5 % showed the highest antibacterial effect again in sample 10.
Staphylococcus aureus was the most susceptible organism tested for all honey
types. The inhibition zones increased with the honey concentration. The
antibacterial activity of the honeys at 50% concentration ranged from 37 mm (no.
10) to 49.18 mm (rapeseed honey no. 4). Among the honeys tested, honeydew
honey (no. 7) showed interesting antibacterial activity against S. aureus at
concentrations of 25% and 12.5%. The antibacterial effects of 25% honeys ranged
from 32.17 mm (mixed honey, no. 1) to 41.32 mm and at 12.5% concentration
from 15.50 mm (no. 1) to 33.64 mm. On the other hand, in a study by Kaéaniova

Table 4 Antibacterial effect of honey on growth of Gram-positive bacteria

et al. (2022), the antibacterial activity of honeys with 50% concentration against S.
aureus was found in only 18% of honey samples, and against E. faecalis in 84%.
This result implies the best activity of honey against E. faecalis. The results of the
antibacterial activity of the honey samples at 50 % concentration against S. aureus
and E. faecalis were the same and ranged from 0.00 to 12.33 mm (from beekeeper
of multifloral origin collected in a town). The ranges of inhibition zones at 25%
honey concentrations against S. aureus showed antibacterial activity from 2.38 to
13.00 mm in 13 honey samples, and against E. faecalis ranged from 10.00 to 11.00
mm in 4 honey samples (both in multifloral honey from a beekeeper from a town).
The antibacterial activity of 12.5% honeys against S. aureus was detected in 9
samples, with the best activity in sample from a beekeeper of multifloral origin
from a town. The antibacterial effect of 12.5% of the honeys against E. faecalis
was found in 4 samples and ranged from 5.67 to 8.33 mm (the best in acacia honey
from a beekeeper from a town). Our honey samples showed larger inhibition zones
against both E. faecalis and S. aureus at all concentrations. In our study, we found
that honeydew honey (no. 7) was very effective against E. coli and S. aureus,
rapeseed honey (no. 4) against P. fluorescens, and mixed honey (no. 10) against E.
faecalis.

Enterococcus faecalis

Staphylococcus aureus

Samples Concentration of honey - diameter of inhibition zones (mm)
50% 25% 12.5% 50% 25% 12.5%

1. mixed 24.11+0.92 19.62+0.38 11.00+1.00 45.00+0.84 32.1740.27 15.50+0.55
2. mixed 24.74+0.98 20.50+0.55 11.6442.01 47.78+0.26 35.30+0.92 15.70+0.39
3.P+W 24.20+0.84 18.60+1.82 15.00+0.84 43.68+1.22 40.00£1.58 30.38+1.15
4. rapeseed 24.50+0.55 23.00+0.84 15.40+0.55 49.18+0.58 39.10+0.74 31.20+1.30
5B+T 24.60+1.82 20.00+0.82 15.20+0.81 44.18+0.92 40.50+0.55 33.64+2.14
6. mixed 22.60+0.55 15.10+0.27 12.60+1.14 41.30+1.04 34.00+0.82 18.48+0.88
7. honeydew 25.78+0.46 22.06+0.51 16.00+1.00 47.96+0.30 41.32+0.60 33.18+0.46
8. mixed 24.18+0.92 20.78+0.89 12.62+0.38 38.60+0.55 33.62+0.38 20.00+0.84
9. mixed 25.60+1.82 22.00+1.00 15.50+0.55 45.20+0.84 37.40+0.55 30.98+1.15
10. mixed 25.50+0.55 24.20+0.45 20.00+0.84 37.00+0.84 34.20+0.81 32.52+0.48

Legend: P + W - polyfloral + willow, B + T - buckwheat + thistle

Eleven honeys sourced from Danish flora were assessed for their antimicrobial
effects using the agar-well diffusion method (Matzen et al., 2018). Some of these
honeys exhibited bioactive effects comparable to or greater than those of Manuka
(L. scoparium) honey, particularly in inhibiting the growth of Gram-negative
bacteria such as P. aeruginosa and E. coli. Gram-positive strains such as S. aureus
and S. epidermidis were the most susceptible to honey, while Gram-negative
microbes showed lower sensitivity to all honey samples, including Manuka. This
difference in susceptibility between Gram-positive and Gram-negative bacteria
may be attributed to differences in cell wall composition. Gram-positive bacteria
lack an outer membrane protecting the peptidoglycan layer, making them more
vulnerable to antimicrobial agents (Madigan et al., 2015). Sagdic et al. (2013)
evaluated the antibacterial activity of 35 multifloral Turkish honeys against 12
bacteria using the agar diffusion method. They found that concentrations of 5%,
10%, and 25% had no inhibitory effect on 14 tested microorganisms, but the
highest antimicrobial activity was observed at a 75% concentration against
Escherichia coli 0157:H7, Salmonella Typhimurium, Staphylococcus aureus,
Listeria monocytogenes, and Proteus mirabilis. However, our findings differ, as
our honey samples exhibited antibacterial properties even at low concentrations.
Mercan et al. (2007) investigated the antibacterial activity of 5 honey samples

from Turkey at concentrations of 20%, 50%, and 70% using the agar-well diffusion
method. They observed that inhibition zones increased with honey concentration,
consistent with our study. Each pathogen tested exhibited varying sensitivity to the
honey samples. Fikselova et al. (2014) studied the antimicrobial activity of
honeydew honeys from Slovakia, Poland, and Serbia, finding that Escherichia coli,
Pseudomonas aeruginosa, and Staphylococcus epidermidis were sensitive to
varying degrees, with Bacillus cereus being the most resistant. In contrast,
Srec¢kovié et al. (2019) reported that honeydew honey was more effective against
Gram-positive bacteria than Gram-negative bacteria. Our study showed that
honeydew samples exhibited varying antibacterial efficacy against the tested
bacteria: S. aureus > P. fluorescens > E. coli > E. faecalis.

Results of microbiological testing

Microbiological analyses of 10 honey samples detected the presence of total count
of bacteria as well as the presence of yeasts and filamentous fungi. Coliforms were
not isolated in any of the samples (Tab 4). Of the total number of samples tested,
the presence of both yeasts and filamentous fungi was detected in 3 samples at
concentrations <4x10* to 3.6x10' CFU/g, while the presence of total count of
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bacteria was detected in 9 samples (1 to 9). A total of 3 strains belonging to the
genus Aspergillus were identified. Species of Aspergillus section Nigri were
detected in honey samples 1, 7, and 9. Although the main source of black aspergilli
is soil, members of this section have been isolated from various other sources,
including honey (Samson et al., 2004).

Table 4 Microbial (CFU/g) properties of honey samples

Sample TCB CB Yeasts FF
number

1. mixed 3.2x10* <1x10* <4x10* <4x10*
2. mixed 2.3x10! <1x10* <1x10* <1x10*
3.P+W 2.7x10t <1x10* <4x10* <1x10*
4. rapeseed 3.6x102 <1x10* <1x10* <1x10*
5B+T 1.2x10? <1x10* <1x10* <1x10*
6. mixed 8.6x10! <1x10* <1x10* <1x10*
7. honeydew 6.4x10* <1x10* <1x10* <4x10*
8. mixed 9.5x10* <1x10* 3.6x10* <1x10*
9. mixed 1.3x10? <1x10* <1x10* <4x10*
10. mixed <1x10* <1x10* <1x10* <1x10*

Legend: TCB — Total count of bacteria, CB — Coliform bacteria, FF — Filamentous
fungi, P + W - polyfloral + willow, B + T - buckwheat + thistle

Gradvol et al. (2015), in their study conducted in Croatia on 72 honey samples,
obtained results similar to ours. They did not detect Enterobacteriaceae bacteria,
found aerobic mesophilic bacteria within acceptable limits in all honey types, and
only detected a low mean value of molds and yeasts. These microbiological
findings correlate with a study conducted on 14 honey samples from Bosnia and
Herzegovina (Landeka et al., 2021). In the latter study, yeasts and molds were
found in 35% of honey samples at concentrations ranging from 10 to 100 CFU/g,
while aerobic mesophilic bacteria were detected in 15% of samples at
concentrations exceeding 100 CFU/g and in 15% at concentrations of 10 to 100
CFU/g. Enterobacteriaceae were not isolated or counted. Sinacori et al. (2014),
in their investigation of 38 honey samples from Italy, reported the presence of
yeasts and molds in three samples, none of which exceeded concentrations higher
than 102 CFU/g, and Enterobacteriaceae were detected in two samples. The most
frequently isolated species were Bacillus amyloliquefaciens, Zygosaccharomyces
mellis, and Aspergillus niger. Multifloral honeys exhibited the highest microbial
diversity. In a Polish study involving 245 honey samples, the total number of
aerobic bacteria ranged from 1.0x10* CFU/g to 7.5x10* CFU/g. Yeasts and molds
counts were low and only sporadically exceeded 1.0x10> CFU/g (Rozanska,
2011). Our honey samples also showed low counts of yeasts and filamentous fungi,
along with higher bacterial counts. In another study in Croatia in 2018, out of 40
honey samples analyzed, yeasts were present in 25% of the samples and molds in
27.5% of the samples, ranging from 10 to 100 CFU/g (Kis et al., 2019). Isolated
molds exceeding the recommended quantitative criterion of 10 CFU/g were
identified into seven genera: Cladosporium, Penicillium, Alternaria, Mucor,
Acremonium, Paeclomyces, and Pestalotiopsis. While our tested samples showed
sporadic isolation of black aspergilli (Aspergillus section Nigri), the mycological
diversity was not as wide.

CONCLUSION

In our study, the antibacterial activity of three different concentrations of honey
from the Spis region of Slovakia was investigated. Our results showed that honey
samples at 50% concentration had the strongest effect on bacterial growth,
especially on S. aureus. Similarly, the lowest concentration of honey, 12.5%, had
antibacterial effect on all Gram-negative and Gram-positive bacteria tested. The
antimicrobial activity suggests that the honeys analysed may have an important
role as natural antibacterial products that reduce the effects of bacterial infections
and contribute to the improvement of food. Coliforms were not present and the
detection of bacteria, yeasts and filamentous fungi was low and did not indicate
any hygiene problems associated with the handling or processing of the honey.
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REFERENCES

Abd-El Aal, A. M., El-Hadidy, M. R., EI-Mashad, N. B., & El-Sebaie, A. H.
(2007). Antimicrobial effect of bee honey in comparison to antibiotics on
organisms isolated from infected burns. Annals of Burns and fire disasters, 20(2),
83.

Almasaudi, S. (2021). The antibacterial activities of honey. Saudi Journal of
Biological Sciences, 28(4), 2188-2196.https://doi.org/10.1016/j.sjbs.2020.10.017

Angioi, R., Morrin, A., & White, B. (2021). The Rediscovery of Honey for Skin
Repair: Recent Advances in Mechanisms for Honey-Mediated Wound Healing and

Scaffolded Application Techniques. Sciences,
5192 https://doi.org/10.3390/app11115192

Bachanova, K., Klaudiny, J., Kopernicky, I., & Simith, J. (2002). Identification of
honeybee peptide active against Paenibacillus larvae larvae through bacterial
growth-inhibition assay on polyacrylamide gel. Apidologie, 33(3), 259-
269.https://doi.org/10.1051/apid0:2002015

Barkai-Golan, R., & Paster, N. (Eds.). (2008). Mycotoxins in fruits and vegetables.
Elsevier.https://doi.org/10.1016/b978-0-12-374126-4.00019-x

Bose, B. (1982). Honey or sugar in treatment of infected wounds? The
Lancet, 319(8278), 963. https://doi.org/10.1016/S0140-6736(82)91959-6
Bucekova, M., Bugarova, V., Godocikova, J., & Majtan, J. (2020). Demanding
new honey qualitative standard based on antibacterial activity. Foods, 9(9),
1263.https://doi.org/10.3390/fo0ds9091263

Bucekova, M., Jardekova, L., Juricova, V., Bugarova, V., Di Marco, G., Gismondi,
A., ... & Majtan, J. (2019). Antibacterial activity of different blossom honeys: New
findings. Molecules, 24(8), 1573.https://doi.org/10.3390/molecules24081573

da Silva, P. M., Gauche, C., Gonzaga, L. V., Costa, A. C. O., & Fett, R. (2016).
Honey: Chemical composition, stability and authenticity. Food chemistry, 196,
309-323.https://doi.org/10.1016/j.foodchem.2015.09.051

Fikselova, M., Kag¢aniova, M., Hleba, L., Mellen, M., Vukovi¢, N., & Dzugan, M.
(2014). Antimicrobial and Antioxidant Activity of Natural Honeys of Different
Origin. Scientific Papers: Animal Science & Biotechnologies/Lucrari Stiintifice:
Zootehnie si Biotehnologii, 47(2).

Foley, K., Fazio, G., Jensen, A. B., & Hughes, W. O. (2014). The distribution of
Aspergillus spp. opportunistic parasites in hives and their pathogenicity to honey
bees. Veterinary Microbiology, 169(3-4), 203-
210.https://doi.org/10.1016/j.vetmic.2013.11.029

Gradvol, V., Atlaban, N., Lenart, L., & Pavlovi¢, H. (2015). Microbiological
quality and inhibitory potential of selected Croatian apiary honeys. Croatian
journal of food science and technology, 7(2), 40-
46.https://doi.org/10.17508/cjfst.2015.7.2.07

Kacéaniova, M., Borotovd, P., Galovitovd4, L., Kunova, S., Stefanikova, J.,
Kowalczewski, P. L., & Sedik, P. (2022). Antimicrobial and Antioxidant Activity
of Different Honey Samples from Beekeepers and Commercial Producers.
Antibiotics, 11(9), 1163.https://doi.org/10.3390/antibiotics11091163

Khan, H. A., Ahmad, A., & Mehboob, R. (2015). Nosocomial infections and their
control strategies. Asian pacific journal of tropical biomedicine, 5(7), 509-
514. https://doi.org/10.1016/j.apjtbh.2015.05.001

Kis, M., Furmeg, S., Jaki Tkalec, V., Sokolovi¢, J., Zadravec, M., Majnari¢, D., &
Cvetnié, Z. (2019). Microbiological analysis of honey with mould identification.
Veterinarska stanica, 50(2), 107-113.

Klich, M. A. (2002). Identification of common Aspergillus species.
CBS.https://doi.org/10.1007/s11046-005-5065-0

Kuropatnicki, A. K., Ktosek, M., & Kucharzewski, M. (2018). Honey as medicine:
historical perspectives. Journal of Apicultural Research, 57(1), 113-
118.https://doi.org/10.1080/00218839.2017.1411182

Landeka, V., Kurtagi¢, H., Pazin, J., & Sari¢, E. (2021). Determination of honey
quality in the context of physico-chemical and microbiological data in Bosnia and
Herzegovina. Hrvatski casopis za prehrambenu tehnologiju, biotehnologiju i
nutricionizam, 16(1-2), 72-77.https://doi.org/10.31895/hcptbn.16.1-2.10
Madigan, M. T., Martinko, J. M., Bender, K. S., & Buckley, D. H. (2015). Stahl
DA Brock Biology of Microorganisms.

Matzen, R. D., Zinck Leth-Espensen, J., Jansson, T., Nielsen, D. S., Lund, M. N.,
& Matzen, S. (2018). The antibacterial effect in vitro of honey derived from
various Danish flora. Dermatology Research and
Practice, 2018.https://doi.org/10.1155/2018/7021713

Mercan, N., Guvensen, A., Celik, A., & Katircioglu, H. (2007). Antimicrobial
activity and pollen composition of honey samples collected from different
provinces in  Turkey. Natural Product Research, 21(3), 187-
195.https://doi.org/10.1080/14786410600906277

Naseer, S., Khan, S. A., & Azim, M. K. (2015). Identification of cultivable bacteria
from natural honey of different botanical origin. Pak J Biochem Mol Biol, 48, 53-
56.

Pitt, J. I., & Hocking, A. D. (2009). Fungi and food spoilage (Vol. 519, p. 388).
New York: Springer.https://doi.org/10.1016/j.ijfoodmicro.2010.08.005

Rao, P. V., Krishnan, K. T., Salleh, N., & Gan, S. H. (2016). Biological and
therapeutic effects of honey produced by honey bees and stingless bees: a
comparative  review. Revista Brasileira de Farmacognosia, 26, 657-
664.https://doi.org/10.1016/j.bjp.2016.01.012

Rozanska, H. (2011). Microbiological quality of Polish honey. Bulletin of the
Veterinary Institute in Putawy, 3(55).

Russell, K. M., Molan, P. C., Wilkins, A. L., & Holland, P. T. (1990). Identification
of some antibacterial constituents of New Zealand manuka honey. Journal of
agricultural and food chemistry, 38(1), 10-13.https://doi.org/10.1021/jf00091a002
Sagdic, O., Silici, S., & Ekici, L. (2013). Evaluation of the phenolic content,
antiradical, antioxidant, and antimicrobial activity of different floral sources of
honey. International Journal of Food Properties, 16(3), 658-
666.https://doi.org/10.1080/10942912.2011.561463

Samarghandian, S., Farkhondeh, T., & Samini, F. (2017). Honey and health: A
review of recent clinical research. Pharmacognosy research, 9(2), 121.

Applied 11(11),



https://doi.org/10.1016/j.sjbs.2020.10.017 
https://doi.org/10.3390/app11115192
https://doi.org/10.1051/apido:2002015 
https://doi.org/10.1016/b978-0-12-374126-4.00019-x 
https://doi.org/10.1016/S0140-6736(82)91959-6
https://doi.org/10.3390/foods9091263
https://doi.org/10.3390/molecules24081573
https://doi.org/10.1016/j.foodchem.2015.09.051 
https://doi.org/10.1016/j.vetmic.2013.11.029 
https://doi.org/10.17508/cjfst.2015.7.2.07 
https://doi.org/10.3390/antibiotics11091163 
https://search.crossref.org/search/works?q=Antimicrobial+and+Antioxidant+Activity+of+Different+Honey+Samples+from+Beekeepers+and+Commercial+Producers.&from_ui=yes
file:///C:/Users/Strbova/Downloads/ https:/doi.org/10.1016/j.apjtb.2015.05.001 
https://doi.org/10.1007/s11046-005-5065-0
https://doi.org/10.1080/00218839.2017.1411182 
https://doi.org/10.31895/hcptbn.16.1-2.10 
https://search.crossref.org/search/works?q=Landeka%2C+V.%2C+Kurtagi%C4%87%2C+H.%2C+Pa%C5%BEin%2C+J.%2C+%26+Sari%C4%87%2C+E.+%282021%29.+Determination+of+honey+quality+in+the+context+of+physico-chemical+and+microbiological+data+in+Bosnia+and+Herzegovina.+Hrvatski+%C4%8Dasopis+za+prehrambenu+tehnologiju%2C+biotehnologiju+i+nutricionizam%2C+16%281-2%29%2C+72-77.&from_ui=yes
https://doi.org/10.1155/2018/7021713 
https://doi.org/10.1080/14786410600906277 
https://doi.org/10.1016/j.ijfoodmicro.2010.08.005
https://doi.org/10.1016/j.bjp.2016.01.012
https://doi.org/10.1021/jf00091a002
https://doi.org/10.1080/10942912.2011.561463 
https://search.crossref.org/search/works?q=Sagdic+O%2C+Silici+S%2C+Ekici+L+%282013%29%3A+Evaluation+of+the+phenolic+content%2C+antiradical%2C+antioxidant%2C+and+antimicrobial+activity+of+different+floral+sources+of+honey.+Int+J+Food+&from_ui=yes

J Microbiol Biotech Food Sci / Soiia Fel$iciovd 2024 : 14 (1) e11002

Samson, R. A., Hoekstra, E. S., & Frisvad, J. C. (2004). Introduction to food-and
airborne fungi (No. Ed. 7). Centraalbureau voor Schimmelcultures (CBS).
Samson, R. A., Houbraken, J., Thrane, U., Frisvad, J. C., & Andersen, B. (2010).
Food and indoor fungi. Utrecht, the Netherlands: CBS — KNAW Fungal
Biodiversity Centre.

Scales, B. S., Dickson, R. P., LiPuma, J. J., & Huffnagle, G. B. (2014).
Microbiology, genomics, and clinical significance of the Pseudomonas fluorescens
species complex, an unappreciated colonizer of humans. Clinical microbiology
reviews, 27(4), 927-948.https://doi.org/10.1128/cmr.00044-14

Shen, L., Liu, D., Li, M., Jin, F., Din, M., Parnell, L. D., & Lai, C. Q. (2012).
Mechanism of action of recombinant acc-royalisin from royal jelly of Asian
honeybee against gram-positive
bacteria.https://doi.org/10.1371/journal.pone.0047194

Silva, M. S., Rabadzhiev, Y., Eller, M. R, lliev, I., Ivanova, I., & Santana, W. C.
(2017). Microorganisms in honey. Honey analysis, 500, 233-
257 .https://doi.org/10.5772/67262

Sinacori, M., Francesca, N., Alfonzo, A., Cruciata, M., Sannino, C., Settanni, L.,
& Moschetti, G. (2014). Cultivable microorganisms associated with honeys of
different geographical and botanical origin. Food microbiology, 38, 284-
294 https://doi.org/10.1016/j.fm.2013.07.013

Srec¢kovi¢, N. Z., Mihailovi¢, V. B., & Katani¢, S. J. S. (2019). Physico-chemical,
antioxidant and antimicrobial properties of three different types of honey from
central  Serbia.  Kragujevac  Journal  of  Science, (41), 53-
68.https://doi.org/10.5937/kgjsci1941053s

STN EN ISO 21527-2: 2008. Mikrobiolégia potravin a krmiv. Horizontalna
metdda na stanovenie poctu kvasiniek a plesni. Cast’ 2: Metoda pogitania kolonii
vo vyrobkoch s aktivitou vody mensou ako 0.95 alebo rovnajacou sa 0.95. (1ISO
21527-2: 2008). Microbiology of food and animal feeding stuffs. Horizontal
method for the enumeration of yeasts and moulds. Part 2: Colony-count technique
in products with water activity less than or equal to 0.95.

STN EN ISO 4833: 2003. Mikrobioldgia potravin a krmiv. Horizontalna metoda
na stanovenie po¢tu mikroorganizmov. Metoda poditania kolonii kultivovanych pri
30°C (ISO 4833: 2003). Microbiology of food and animal feeding stuffs.
Horizontal method for the enumeration of microorganisms. Colony count
cultivated at 30°C.

STN ISO 4832: 2009 (56 0085). Mikrobioldgia potravin a krmiv. Horizontalna
metoda na stanovenie poctu koliformnych baktérii. Metdda pocitania koldnii.
Microbiology of food and animal feeding stuffs. Horizontal method for the
enumeration of coliforms. Colony-count technique.

Wilkinson, J. M., & Cavanagh, H. M. (2005). Antibacterial activity of 13 honeys
against Escherichia coli and Pseudomonas aeruginosa. Journal of medicinal
food, 8(1), 100-103.https://doi.org/10.1089/jmf.2005.8.100



https://doi.org/10.1128/cmr.00044-14 
https://doi.org/10.1371/journal.pone.0047194 
https://search.crossref.org/search/works?q=Shen+L.%2C+Liu+D.%2C+Li+M.%2C+Jin+F.%2C+Din+M.%2C+Parnell+L.D.%2C+Lai+C.Q.+Mechanism+of+action+of+recombinant+acc-royalisin+from+royal+jelly+of+Asian+honeybee+against+gram-positive+bacteria.+&from_ui=yes
https://doi.org/10.5772/67262 
https://doi.org/10.1016/j.fm.2013.07.013
https://doi.org/10.5937/kgjsci1941053s 
https://doi.org/10.1089/jmf.2005.8.100 

