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ABSTRACT

This study evaluated the physicochemical characteristics, antibacterial and antioxidant activity of ten honey samples collected from the
Zitny ostrov region in southwestern Slovakia. Physicochemical parameters, including water activity and moisture content, were analyzed.
All tested honey samples complied with EU regulations for moisture content, and water activity values were below 0.60, indicating good
microbiological stability. The antibacterial effect was assessed using the standard well diffusion method. All samples were tested at four
concentrations (100%, 50%, 25%, and 12.5% v/v) against Staphylococcus aureus, Enterococcus faecalis, and Escherichia coli, and the
inhibition zones were measured. All tested honeys exhibited inhibitory activity against the selected bacteria, however, a reduction in
efficacy was observed at lower concentrations. At 25%, one sample lost activity against E. coli, and three samples were ineffective against
E. faecalis. At 12.5%, three honeys lost activity against E. coli, and four samples showed no inhibition against E. faecalis. In addition to
antimicrobial effects, the antioxidant activity (DPPH method) and total polyphenols (spectrophotometrically) of honey samples were also
evaluated. Autumn honey showed the highest antioxidant activity (1.03 mg TEAC/g), while linden honey exhibited the highest polyphenol
content (8.97 mg GAE/g).
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INTRODUCTION

Honey has long been recognized not only as a natural sweetener but also for its
medicinal properties, particularly its antimicrobial activity. This biological effect
is attributed to a combination of physicochemical and biochemical factors,
including low pH, high osmolarity, the presence of hydrogen peroxide, and various
phytochemicals, such as phenolic acids and flavonoids (Mandal & Mandal, 2011;
Al-Waili et al., 2012). The composition and potency of these components can vary
significantly depending on the botanical and geographical origin of the honey, as
well as storage conditions and processing methods (Estevinho et al., 2008;
Alvarez-Suarez et al., 2010).

Among the wide range of bacteria affected by honey, both Gram-positive and
Gram-negative species have been shown to be susceptible. Particularly relevant in
food safety and health contexts are Staphylococcus aureus, Enterococcus faecalis,
and Escherichia coli, which can be responsible for foodborne illnesses and
hospital-acquired infections (Cooper et al., 2002; Kac¢aniova et al., 2022). While
S. aureus is well known for its ability to develop resistance to multiple antibiotics,
E. coli is often used as an indicator of fecal contamination and hygiene standards
(Snowdon & Cliver, 1996). Enterococcus faecalis is a leading cause of
nosocomial infections, frequently implicated in healthcare-associated urinary tract
infections, bacteremia, and endocarditis. It is also notable for its ability to acquire
multiple antibiotic resistance (Brinkwirth et al., 2021).

The antimicrobial activity of honey is concentration-dependent, often decreasing
with dilution (Badet & Quero, 2011). Nevertheless, certain monofloral honeys,
such as manuka or thyme honey, retain significant activity even at lower
concentrations due to the presence of unique non-peroxide factors (Kwakman &
Zaat, 2012).

In addition to its well-documented antimicrobial properties, honey also exhibits
significant antioxidant activity, which contributes to its overall therapeutic
potential. This antioxidant capacity is primarily attributed to the presence of
phenolic compounds, flavonoids, enzymes, such as catalase and glucose oxidase,
as well as organic acids, ascorbic acid, and Maillard reaction products (Gheldof &
Engeseth, 2002; Bertoncelj ef al., 2007). These compounds are capable of
scavenging reactive oxygen species (ROS), chelating metal ions, and inhibiting
lipid peroxidation, thereby helping to reduce oxidative stress and associated
cellular damage (Alvarez-Suarez et al., 2010). The total antioxidant capacity of
honey is strongly influenced by its floral source, with darker honeys generally

exhibiting higher levels of phenolic content and antioxidant activity than lighter
varieties (Ferreira et al., 2009; Alvarez-Suarez et al, 2013). Consequently,
antioxidant profiling of honey provides valuable insight into its quality,
authenticity, and potential health benefits, especially in the context of functional
foods and nutraceuticals. Given the variability in honey composition related to
botanical and geographical origin, a comprehensive evaluation of
physicochemical, antibacterial, and antioxidant properties is required.

Therefore, the aim of this study was to evaluate the physicochemical properties,
antibacterial activity, and antioxidant potential of ten honey samples collected from
the Zitny ostrov region in southwestern Slovakia. Water activity and moisture
content were determined, antibacterial activity was assessed against two Gram-
positive bacteria (Staphylococcus aureus and Enterococcus faecalis) and one
Gram-negative bacterium (Escherichia coli) at four honey concentrations (100%,
50%, 25%, and 12.5%, v/v), and antioxidant activity together with total polyphenol
content were analysed.

MATERIAL AND METHODS
Honey samples

Table 1 provides an overview of ten honey samples of different botanical origins,
produced in 2024 by two beekeepers from Balon and Jurové, located in the Zitny
ostrov region of southwestern Slovakia. Zitny ostrov, the largest river island in
Europe, is known for its fertile soil, diverse flora, and favorable microclimatic
conditions. These unique environmental features may influence the botanical
origin and chemical composition of local honeys, potentially affecting their
antimicrobial and physicochemical properties. The selection of samples includes
both monofloral honeys (e.g., acacia, phacelia, linden) and polyfloral honeys (e.g.,
wildflower, spring, autumn), providing a representative cross-section of the
region’s honey production. The samples were packed in glass containers and stored
at room temperature (22 = 1 °C) in the dark until analysis.

Chemicals
All chemicals used for antioxidant activity and total polyphenol analyses were

analytical grade and were purchased from Reachem (Slovakia) and Sigma Aldrich
(USA).
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Table 1 Summary of monofloral and polyfloral honeys collected in 2024

Sample No. Type of honey Origin
1. Acacia honey Balon
2. Phacelia honey Balon
3. Wildflower honey  Balon
4. Linden honey Balon
S. Rapeseed honey Balon
6. Acacia honey Jurova
7. Spring honey Jurova
8. Rapeseed honey Jurova
9. Sunflower honey  Jurova
10. Autumn honey Jurova

Bacterial strains

Three bacterial species were used to determine antimicrobial activity.
Enterococcus faecalis (CCM 1875) and Staphylococcus aureus (CCM 299) were
used as representatives of Gram-positive bacteria, whereas Escherichia coli (CCM
4225) represented Gram-negative bacteria. All microbial cultures were obtained
from the Czech Collection of Microorganisms, Masaryk University, Brno.

Physicochemical Parameters

Water activity was measured using a LabMaster instrument (Novasina, Pfiffikon,
Switzerland). The samples were placed in plastic sample cups, equilibrated at
25°C, and the water activity values were recorded directly from the instrument
display.

The moisture content of the honey samples was determined using an optical
refractometer (HHR-2N, ATAGO, Japan).

Well diffusion method

The antimicrobial properties of the honey samples were evaluated using the agar
well diffusion method. Bacterial strains were first cultured in Mueller-Hinton
Broth (MHB, Oxoid, Basingstoke, UK) at 37 °C for 24 hours. Subsequently,
100 uL of a bacterial suspension standardized to 0.5 McFarland turbidity was
uniformly spread onto the surface of Mueller Hinton Agar (MHA, Oxoid,
Basingstoke, UK) plates. Honey samples were diluted in sterile distilled water to
obtain final concentrations of 50%, 25%, and 12.5% (v/v). Wells with a diameter
of 8 mm were created in the agar using a sterile cork borer. One well was filled
with undiluted honey (100%), while the remaining wells were filled with the
respective honey dilutions. The plates were then incubated at 37 °C for 24 hours.
After incubation, the inhibition zones were measured from the outer edge of the
well to the point of visible bacterial growth and then converted to total inhibition
zone diameters (mm), in accordance with standard practice. Each measurement
was performed at three different points to ensure accuracy. Each test was
conducted in triplicate to ensure reproducibility.

Control samples

To ensure correct interpretation of the antibacterial effects, three types of controls
were included:

Negative control: sterile distilled water applied into a single agar well to confirm
that any inhibition was not caused by the solvent or handling.

Positive control (antibiotic): a standard susceptibility disk (ampicillin 10 pg;
Oxoid) placed on Mueller—Hinton agar as a reference for growth inhibition.
Osmotic control (“artificial honey”): a sugar solution mimicking the osmolarity of
honey (40% fructose, 30% glucose, 10% sucrose, 20% distilled water, w/v). The
artificial honey was tested at 100%, 50%, 25%, and 12.5% (v/v), identical to the
honey dilutions.

All controls were processed under the same conditions as the honey samples:
Mueller—Hinton agar seeded with 0.5 McFarland inoculum, incubation at 37 °C for
24 hours, and measurement of inhibition zones using the same procedure as for
honey.

Sample preparation for antioxidant activity and total polyphenols

One gram of the sample was extracted with 20 mL of distilled water for 1 hour.
After centrifugation at 4000 x g (Rotofix 32 A, Hettich, Germany) for 10 min, the
supernatant was collected and used for determination of antioxidant activity and
total polyphenol content. The extraction was performed in triplicate.

Radical scavenging activity - DPPH method

Radical scavenging activity of the extracts was measured using 2,2-diphenyl-1-
picrylhydrazyl (DPPH) according to Sanchéz-Moreno et al. (1998). The sample
(0.4 mL) was mixed with 3.6 mL of DPPH solution (0.025 g DPPH in 100 mL of
methanol). The absorbance of the reaction mixture was measured at 515 nm using
a Jenway 6405 UV/Vis spectrophotometer (England). Trolox (6-hydroxy-2,5,7,8-
tetramethylchroman-2-carboxylic acid) (10-100 mg/L; R?>=0.989) was used as the

standard and the results were expressed in mg Trolox equivalents per g of sample
(mg TEAC/g).

Total polyphenol content

Total polyphenol content of the extracts was determined by the method of
Singleton and Reossi (1965) using Folin-Ciocalteu reagent. A 0.1 mL aliquot of
each sample was mixed with 0.1 mL of the Folin-Ciocalteu reagent, 1 mL of 20%
(w/v) sodium carbonate, and 8.8 mL of distilled water. After 30 min in the dark,
the absorbance at 700 nm was measured using a Jenway 6405 UV/Vis
spectrophotometer (England). Gallic acid (25-300 mg/L; R?=0.998) was used as
the standard, and the results were expressed as mg gallic acid equivalents per g of
sample (mg GAE/g).

Statistical analysis

All measurements were performed in triplicate, and the results are expressed as
mean + standard deviation (SD). Statistical analysis was carried out using
XLSTAT (Addinsoft, Paris, France). Differences among honey samples were
evaluated using one-way analysis of variance (ANOVA) followed by Tukey’s post
hoc test to determine statistically significant differences between the means.
Differences were considered statistically significant at p < 0.05. The relationship
between antioxidant activity (DPPH) and total polyphenol content was assessed
using Pearson’s correlation coefficient (r).

RESULTS AND DISCUSSION
Physicochemical parameters

Among the physicochemical parameters, water activity and moisture content were
determined and are presented in Table 2. Water activity ranged from 0.396
(wildflower honey) to 0.452 (rapeseed honey from Jurova). Although water
activity is not directly regulated by current Slovak or European honey legislation,
expert recommendations suggest that the water activity of stable honey should be
below 0.60 to minimize the risk of yeast growth and fermentation. The values
observed in this study were well below this threshold, indicating good
microbiological stability of the analyzed samples. Moisture content ranged from
14.2% (linden honey) to 19.6% (sunflower honey). All samples complied with the
maximum moisture content limit of 20%, as defined by the Codex Alimentarius
Commission (1981/2022), confirming their suitability for storage and the reduced
risk of microbial growth.

Table 2 Physicochemical parameters of different types of honey

Sample No. Type of honey Water activity Moisture content (%)
1. Acacia honey 0.405°¢ 14.8°
2. Phacelia honey 0.403¢ 15.5¢
3. Wildflower honey  0.396° 14.9¢
4. Linden honey 0.399% 14.2¢
5. Rapeseed honey 0.401¢ 15.4°
6. Acacia honey 0.450° 18.3°
7. Spring honey 0.423° 19.5°
8. Rapeseed honey 0.452* 19.2*
9. Sunflower honey  0.445% 19.6*
10. Autumn honey 0.447° 18.3°

Legend: abede pifferent letters within the same column denote significant differences (p <
0.05).

Antimicrobial activity

The negative control (sterile distilled water) produced no inhibition. The positive
control (antibiotic disk) yielded a clear, expected inhibition zone and served as a
benchmark for the assay. The osmotic control (artificial honey) showed negligible
to low inhibition across the tested dilutions, consistently lower than the activity of
natural honeys. These findings confirm that the antibacterial effects observed for
the tested honeys cannot be attributed solely to high osmolarity.

The antimicrobial activity of the 10 honey samples against Staphylococcus aureus,
Enterococcus faecalis and Escherichia coli was evaluated at four concentrations
(100%, 50%, 25%, and 12.5%; Tables 3 and 4). Overall, the results revealed a clear
concentration-dependent inhibitory effect, with Staphylococcus aureus and
Escherichia coli generally more sensitive than Enterococcus faecalis.

Against S. aureus, the strongest inhibition at 100% concentration was observed in
rapeseed honey (No. 5, 13.60+£0.58 mm), followed by sunflower honey (No. 9,
12.50+0.73 mm), linden honey (No. 4, 12.25+0.50 mm), and phacelia honey (No.
2, 11.50£1.29 mm). At 50%, phacelia honey maintained high activity
(10.7541.50 mm), as did rapeseed honey from Jurova (No 8, 9.25+0.50 mm), while
other samples, such as autumn honey (No. 10), showed moderate inhibition
(5.75£0.96 mm). At 25%, inhibition generally declined, though sunflower honey
(No. 9, 7.67+0.49 mm) and phacelia honey (No. 2, 7.07+0.65 mm) retained notable
activity. At the lowest concentration (12.5%), most honeys exhibited minimal
inhibitory effects, except for sunflower honey (No. 9), which retained measurable
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activity (6.00+0.00 mm). These results indicate that S. aureus is highly sensitive to
honey, and that floral origin, likely related to phenolic content, hydrogen peroxide,
and other bioactive compounds, strongly influences antibacterial potency
(Kwakman & Zaat, 2012; Almasaudi, 2021).

Overall, inhibitory activity against E. faecalis was lower. The highest inhibition at
100% concentration was observed in phacelia honey (No. 2, 11.5+0.57 mm) and
acacia honey from Balon (No. 1, 10.75+0.96 mm). Phacelia honey retained
measurable activity down to the 12.5% concentration (1.83+£0.41 mm), while
several other samples, including rapeseed (No. 8), sunflower (No. 9), and autumn
honeys (No. 10), lost activity below 50%, with no detectable inhibition at 25% and
12.5%. This pattern aligns with previous findings indicating that E. faecalis is
generally more resistant to honey than S. aureus, due to its capacity to survive
harsh conditions, including high salt and bile concentrations (Arias & Murray,
2012; Silva et al., 2023). Nevertheless, the retained activity in phacelia and acacia
honeys highlights the potential contribution of floral origin and bioactive
constituents to antibacterial efficacy (Irish ef al, 2011; Saka¢ et al., 2022).

Table 3 Antibacterial effect of honey on growth of Gram-positive bacteria

The concentration-dependent decline in activity across both bacterial species
emphasizes that dilution reduces osmotic pressure and the effectiveness of
peroxidase-related mechanisms and inhibitory phenolic compounds, suggesting a
threshold below which honey’s antimicrobial effect is limited (Kwakman & Zaat,
2012; Ahmed & Othman, 2013). Variability among samples further underscores
the role of floral source, harvesting region, and processing conditions in shaping
the antimicrobial potential of honey. It should be noted that due to the high
viscosity of honey, diffusion in agar may be partially limited, and inhibition zones
should therefore be interpreted with this methodological constraint in mind.
However, this study is based on ten honey samples obtained from only two
beekeepers within a single geographic area (Zitny ostrov). Therefore, the results
should be interpreted as region-specific and cannot be generalized to broader
populations of honeys. Broader multi-regional sampling would be necessary to
robustly evaluate geographic influences.

Staphylococcus aureus

Enterococcus faecalis

Sample No. Honey concentrations (v/v) and inhibition zone diameters (mm)
100% 50% 25% 12.5% 100% 50% 25% 12.5%

1. 10.50+0.57% 8.75+0.96% 5.72+0.49% 4.50+0.57* 10.75+0.96* 7.50+0.41% 4.75+£0.96* 1.00+0.82°
2. 11.50+1.29%¢ 10.75+1.50* 7.07+0.65* 5.00+1.41* 11.50+0.57* 9.87+0.85* 6.50+1.38* 1.83+0.41°
3. 10.25+0.50¢ 6.00+1.26¢ 4.12+0.86" 1.25+0.50° 9.00+0.00° 6.83+£0.41% 4.44+0.45" 1.00+0.00*
4. 12.25+0.50% 7.87+0.85° 3.75+0.50¢ 1.37+0.48° 7.33+0.52°¢ 5.75+0.96% 3.00+0.00* 1.83+0.41°
5. 13.60+0.58° 7.67+0.57° 3.75+0.50¢ 1.25+0.50° 7.25+1.26° 5.25+0.50° 2.50+0.57¢ 0.00°

6. 10.25+0.5% 7.00+0.81% 4.00+0.82% 1.00+0.00° 7.75+0.50° 4.00+0.00¢ 1.25+0.50¢ 1.00+0.00*
7. 10.75+0.50% 6.50+1.38¢ 4.00+0.82" 2.75+0.96¢ 7.00+0.82°¢ 5.50+0.57% 3.0+0.82% 1.2540.85*
8. 10.50+0.57% 9.25+0.50% 4.50£1.29™ 3.2540.50* 6.25+0.64¢ 1.00+0.00° 0.00¢ 0.00°

9. 12.50+0.73% 9.00+1.15%® 7.67+0.49* 6.00+0.00* 7.00+0.82° 2.37+0.48¢ 0.00¢ 0.00°
10. 10.254+0.50¢ 5.75+0.96° 4.50+0.57™ 2.27+0.49¢ 7.00£0.00° 4.33+0.57% 0.00¢ 0.00°

Legend: 1, 6 - acacia honeys; 2 — phacelia honey; 3 — wildflower honey; 4 — linden honey; 5, 8 — rapeseed honeys; 7 — spring honey; 9 — sunflower honey; 10 — autumn honey; samples 1-5
originated from Balon; samples 610 from Jurova; abede Different letters within the same column denote significant differences (p < 0.05).

Our study demonstrates a clear dose-dependent antibacterial effect of the honey
samples against Escherichia coli (Table 4), in line with previous reports showing
that honey’s efficacy increases with concentration (Mudenda et al., 2023). At
100% concentration, strong inhibition was observed, particularly for acacia honey
from Baloni (12.67+0.53 mm), wildflower honey (12.50+0.50 mm), and spring
honey (12.00+0.00 mm). Similar patterns have been reported in other studies,
where natural honeys exhibited pronounced activity against E. coli, in some cases
even exceeding their effectiveness against Staphylococcus aureus (Mudenda et
al., 2023). For example, unpasteurized and untreated natural honey produced
inhibition zones of 22 mm against E. coli and 20 mm against S. aureus at full
concentration, while at 50% concentration the zones decreased to 18 mm and 16
mm, respectively.

Upon dilution to 50%, the antibacterial activity of the honey samples declined but
remained clearly detectable in the most active honeys, namely acacia honey from
Balon (8.33+£0.53 mm), phacelia honey (6.33+£0.57 mm), and wildflower honey
(6.67+£0.58 mm). Several other samples exhibited only moderate inhibition, with
zones ranging approximately from 3 to 5 mm. At 25% concentration, acacia,
phacelia, and wildflower honeys from Balofi maintained moderate inhibitory
effects (approximately 5.0-5.6 mm), whereas the remaining samples showed only
minimal activity (about 1.0-2.6 mm). Notably, rapeseed honey from Jurova
exhibited no detectable inhibition at this concentration, which aligns with reports
indicating that antibacterial activity often diminishes or disappears below 5-10%
honey concentration (Wilkinson & Cavanagh, 2005).

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

Escherichia coli

Sample No. Type of honey Honey concentrations (v/v) and inhibition zones diameter(mm)
100% 50% 25% 12.5%

1. Acacia honey 12.67+0.53* 8.33+0.53* 5.00+1.00* 4.33+£0.57°

2. Phacelia honey 11.67+0.57% 6.33+0.57° 5.00+1.00* 3.00£1.00%

3. Wildflower honey 12.50+0.50* 6.67+0.58° 5.60+1.51* 4.33+£0.57°

4. Linden honey 8.37+1.48° 4.83+1.04¢ 2.60+1.51° 2.00+0.75%

5. Rapeseed honey 10.53+0.50° 4.57+0.51¢ 2.00+0.00% 1.00£0.00%¢

6. Acacia honey 10.63+0.55° 3.000.00¢ 2.00£0.00% 0.00°

7. Spring honey 12.00+0.00* 4.57+£0.51¢ 3.00+0.00° 2.00+0.00%

8. Rapeseed honey 10.07+1.01° 5.60+1.22% 0.00¢ 0.00°

9. Sunflower honey 10.55+0.51° 5.83+1.04% 1.00+0.00¢ 0.00¢

10. Autumn honey 8.93+0.11°¢ 3.27+0.46¢ 2.0040.00* 0.77+0.25¢

Legend: samples 1-5 originated from Balon; samples 6—10 from Jurova

denote significant differences (p < 0.05).

At 25% concentration, acacia honey, phacelia honey and wildflower honey from
Balonn maintained moderate inhibition (~5.0-5.60 mm), while the remaining
samplesshowed only minimal zones (~1.0-2.6 mm). Rapeseed honey from Jurova
exhibited no detectable inhibition, echoing literature showing that inhibition often
vanishes below 5%-10% concentrations (Wilkinson & Cavanagh, 2005).

At the lowest tested concentration (12.5%), most honey samples lost detectable
antibacterial activity, with only samples 1, 2, and 3 retaining weak inhibitory
effects (approximately 3.0—4.33 mm). These findings support the concept that
honey’s antimicrobial activity results from the combined effects of high
osmolarity, low pH, hydrogen peroxide production, and the presence of phenolic
and flavonoid compounds, all of which are more effective at higher concentrations
(Almasaudi, 2021). Mechanistic studies on honeys such as manuka and Yemeni
Sidr further demonstrate that honey can disrupt bacterial cell membranes, inhibit
protein synthesis, and induce DNA damage in E. coli (Al-Sayaghi et al., 2022),
suggesting similar modes of action may underlie the antibacterial effects observed

; “bede Different letters within the same column

in the most active samples. These mechanistic effects were described in previous
studies but were not investigated in the present work, therefore, our conclusions
are limited strictly to the observed inhibition patterns.

Radical scavenging activity —- DPPH method

Among the tested samples, autumn honey exhibited the highest antioxidant activity
(1.03 £ 0.02 mg TEAC/g), followed by sunflower honey (0.95 + 0.03 mg TEAC/g)
and both samples of rapeseed honey (0.89-0.91 mg TEAC/g) (Tab. 5). In contrast,
linden honey demonstrated the lowest antioxidant potential (0.82 + 0.03 mg
TEAC/g), with acacia honey also showing relatively low values (0.79-0.86 mg
TEAC/g). The variation in antioxidant activity among different honey types is
primarily attributed to their botanical origin and associated phenolic content.
Generally, darker honeys, such as autumn and sunflower varieties tend to contain
higher levels of phenolic compounds and flavonoids, which are responsible for
their enhanced radical scavenging activity (Bertoncelj et al, 2007; Al-Mamary
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et al., 2002). The high value of autumn honey may also reflect a greater diversity
of floral sources and a longer maturation period, which could contribute to the
accumulation of antioxidant compounds. In contrast, lighter honeys, such as acacia
and linden are typically associated with lower phenolic content and, consequently,
lower antioxidant capacity (Ferreira et al., 2009). However, despite their lighter
color, certain varieties like rapeseed honey demonstrated comparatively high
antioxidant activity. This suggests that factors beyond color — such as floral origin,
climate conditions, and storage — also significantly influence the antioxidant
profile (Bogdanov et al., 2008).

Interestingly, phacelia and wildflower honeys showed moderate antioxidant
capacities (0.88-0.91 mg TEAC/g), aligning with values reported for multifloral
honeys in other European studies (Khalil et al.,, 2010). This indicates that the
combination of nectar sources can yield synergistic antioxidant effects.

Total polyphenol content

The highest total polyphenol content was observed in linden honey (8.97+0.01 mg
GAE/g), followed by rapeseed honey (5.32+0.04 mg GAE/g) (Tab. 5). In contrast,
rapeseed honey (2) showed an unexpectedly low polyphenol content (0.31+0.03
mg GAE/g), indicating significant variation even within the same floral type,
possibly due to differences in environmental factors, processing, or storage
conditions. Honeys, such as acacia, wildflower, phacelia, and spring honey
exhibited relatively low polyphenol levels (0.39-0.58 mg GAE/g), consistent with
findings reported in the literature for lighter, monofloral honeys (Bertoncelj et al.,
2007; Alvarez-Suarez et al.,, 2010). The values for sunflower (0.79+0.01 mg
GAE/g) and autumn honey (0.74+0.02 mg GAE/g) suggest moderate phenolic
content, which may contribute to their observed antioxidant activity. The high
polyphenol level in linden honey is notable and may be attributed to the high
concentration of specific phenolic compounds such as flavonoids and phenolic
acids, which are characteristic of 7ilia species (Gheldof & Engeseth, 2002). The
discrepancy between the two rapeseed honey samples suggests that polyphenol
content can vary widely depending on geographic origin, seasonal conditions, and
nectar composition. These findings support the widely accepted notion that the
botanical and geographical origin of honey strongly influences its phenolic profile,
which in turn impacts both its antioxidant capacity and potential health benefits
(Ferreira et al., 2009). Moreover, the relatively low polyphenol content in acacia
honeys aligns with their light color and mild flavor, typically associated with low
levels of bioactive compounds (Khalil et al., 2010). Interestingly, while some
samples such as autumn and sunflower honeys showed moderate polyphenol
content, they exhibited higher antioxidant activity in the DPPH assay (Tab. 5),
suggesting that antioxidant potential is not solely dependent on total polyphenol
levels. This supports previous research indicating that antioxidant activity is also
influenced by the presence of other bioactive substances such as enzymes, organic
acids, and Maillard reaction products (Bogdanov et al., 2008).

Table 5 Antioxidant activity and total polyphenol content of tested honey

Sample Type of DPPH Total polyphenols
No. p honey (mg TEAC/g) (mg GAE/g)
1. Acacia honey 0.86%0.02¢ 0.53+0.01¢
2. P }}I‘gﬁzly‘a 0.9140.12b¢ 0.440,02¢
3, W‘}ll‘lﬂ‘e’;ver 0.880.02¢ 0.39+0.03°
4. Linden honey 0.82+0.03¢ 8.97+0.01*
3 R;‘(’;ieyed 0.89+0.01°¢ 5.30:+0.04°
6. Acacia honey 0.79+0.04¢ 0.58+0.02¢
7. Spring honey 0.86+0.01¢ 0.4120.02¢¢
8. Rigiieyed 0.9140.02b¢ 0.3140.03¢
9. S“}‘l“(ﬂl‘;"yver 0.95+0.03° 0.79+0.01¢
10. Ah‘;tlfe“;“ 1.03£0.02¢ 0.740,02¢

Legend: TEAC — Trolox equivalent antioxidant capacity; GAE — gallic acid equivalent; mean
+ standard deviation; samples 1-5 originated from Balof; samples 6-10 from Jurova; “>¢¢efe
Different letters within the same column denote significant differences (p < 0.05).

To evaluate the relationship between antioxidant capacity and phenolic
compounds, a Pearson correlation analysis was performed between DPPH radical
scavenging activity and total polyphenol content. The analysis revealed a weak
negative correlation (r = —0.31) between these parameters across the analyzed
honey samples. This result indicates that higher total polyphenol content did not
necessarily correspond to higher antioxidant activity in the DPPH assay. A notable
example is linden honey, which exhibited the highest polyphenol content but
relatively low antioxidant activity. This discrepancy suggests that antioxidant
capacity in honey is influenced not only by the total amount of phenolic
compounds but also by their specific composition and interactions with other
bioactive constituents, such as enzymes, organic acids, peptides, and Maillard
reaction products. Similar observations have been reported in previous studies,

which emphasize that the antioxidant potential of honey depends on the synergistic
effect of multiple compounds rather than solely on total polyphenol concentration
(Ferreira at al., 2009). Therefore, while phenolic compounds contribute
significantly to antioxidant properties, they cannot be considered the only
determinant of radical scavenging activity.

CONCLUSION

The present study confirmed that all analysed honey samples met the
physicochemical quality requirements, with moisture content within EU limits and
water activity values below 0.60, indicating good microbiological stability. The
results demonstrated a clear concentration-dependent antibacterial effect of honey
against Staphylococcus aureus, Enterococcus faecalis, and Escherichia coli, with
notable variability among different honey types. Phacelia honey exhibited the most
consistent antibacterial activity across all tested concentrations, while acacia and
wildflower honeys showed strong effects particularly against E. coli. The reduced
sensitivity of E. faecalis compared to S. aureus highlights differences in bacterial
susceptibility to honey. Significant differences observed between honeys of the
same botanical origin but different geographical locations underline the influence
of floral source, environmental conditions, and local microclimate on antimicrobial
efficacy. Antioxidant analyses revealed that darker honeys, particularly autumn
honey, possessed higher radical scavenging activity, whereas total polyphenol
content did not always correlate directly with antioxidant capacity, as demonstrated
by linden honey. Overall, the findings emphasize the multifactorial nature of
honey’s biological activity and confirm that botanical origin, geographical
location, and concentration play a crucial role in determining both antibacterial and
antioxidant properties. Further research focused on the identification of specific
bioactive compounds and their mechanisms of action could provide deeper insight
into the therapeutic and functional potential of honey. Given the limited number
of samples and the single-region sourcing, these results should be considered
preliminary and geographically bounded, warranting confirmation in larger,
multi-regional datasets.
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