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Physicochemical properties,
antioxidant and antimicrobial
activity of seven honey samples
collected in the Nisava district

Abstract:

Honey is a functional food used in traditional medicine to treat numerous
human ailments. The health-promoting properties of honey depend on its
physicochemical characteristics, chemical composition, and antioxidant
potential, which result from the botanical and geographical origin of honey.
In this study, the physicochemical properties, antioxidant and antimicrobial
potential of seven honey samples from the Nisava region were analyzed.
The honeydew sample had the highest content of phenols and flavonoids
and the best scavenging and antimicrobial activities (MIC 6.25-25%). The
content of flavonoids was also high in meadow honey, which demonstrated
excellent scavenging activity against the DPPH radical. Acacia and lavender
honey samples showed good antibacterial activity (MIC 12.5-25%), but only
honeydew inhibited the growth of yeast Canida albicans (MIC 12.5%). The
results presented in this paper revealed differences in the biological activity
of honey samples, indicating the necessity of analyzing each honey sample
individually before using it as a functional food.
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Apstrakt:

Fizicko-hemijska svojstva, antioksidativna i antimikrobna aktivnost
sedam uzoraka meda prikupljenih na teritoriji nisavskog okruga

Med je funkcionalna hrana koja se koristi u tradicionalnoj medicini za lecenje
brojnih ljudskih bolesti. Bioloska aktivnost meda zavisi od njegovih fizicko-
hemijskih karakteristika, hemijskog sastava i antioksidativnog potencijala, koji
proizilaze iz botanickog i geografskog porekla meda. U ovoj studiji analizirana
su fizicko-hemijska svojstva, antioksidativni i antimikrobni potencijal sedam
uzoraka meda iz nisavskog regiona. Uzorak medljike je imao najveci sadrzaj
fenola i flavonoida i najbolju antioksidativnu i antimikrobnu aktivnost (MIK
6,25-25%). Sadrzaj flavonoida je takode bio visok u livadskom medu, koji
je pokazao odli¢nu aktivnost neutralizacije DPPH radikala. Bagremov med i
med od lavande su pokazali dobru antibakterijsku aktivnost (MIK 12,5-25%),
ali je samo medljika inhibirala rast kvasca Canida albicans (MIK 12,5%).
Rezultati prikazani u ovom radu su pokazali velike razlike u bioloskoj
aktivnosti uzoraka meda, $to ukazuje na neophodnost analiziranja svakog
uzorka meda pojedina¢no pre njegove upotrebe kao funkcionalne namirnice.

Kljucne reci:
cvetni med, medljika, antioksidativna aktivnost, antimikrobna aktivnost,
fizickohemijske karakteristike
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Introduction

Honey is a bee product that is one of the most
important functional foods in the world, with an
annual global production of 1.83 million tons in
2022 (FAOSTAT, 2024). Blossom (floral) honey
and honeydew are the two types of honey, classified
according to the kind of sugar sources collected by
the bees (Bergamo et al., 2019). Floral honey is made

from the secretions of living plants (nectar), while
honeydew is the product of collecting the excretions
of insects that live on plants. These two types of
honey differ in their physicochemical, chemical, and
biological properties (Pita-Calvo & Vazquez, 2017).

The consumption of honey is popular with
consumers all over the world for its nutritional
and health-promoting properties, which have been
known since ancient times in many traditional

© 2025 Jokovi¢ et al. This is an open-access article distributed under the terms of the Creative
Commons Attribution License, which permits unrestricted use, distribution, and build upon your work
non-commercially under the same license as the original.
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medicines (Nikhat & Fazil, 2022). Various studies
have reported antimicrobial, antioxidant, anti-
inflammatory, antidiabetic, and anticarcinogenic
effects of different honey samples (Erejuwa et al.,
2012;Meoetal.,2017; Pasupuletietal., 2020; Tafere,
2021). Clinical studies have confirmed that honey
positively affects human health in healing wounds
and burns, as well as cardiovascular, gastrointestinal,
and diabetes diseases (Samarghandian et al., 2017;
Palma-Morales et al., 2023). However, the chemical
composition and biological activities of honey vary
greatly from sample to sample and depend primarily
on the geographical, seasonal, and botanical origin
of the samples as well as the conditions under which
the honey is collected, processed, and stored (Da
Silva et al., 2016; Obey et al., 2022).

The aim of the present study was to compare
the physicochemical properties, antioxidant and
antimicrobial activity of seven honey samples
collected in the Nisava district. One of the selected
samples was honeydew and the other six were
blossom honey. The blossom honey samples had
different botanical origins. Acacia and lavender
honey were selected as monofloral honey samples,
while mixed acacia and sage honey and meadow
honey were selected as polyfloral honey samples.

Materials and Methods

Honey samples

This study analyzed seven honey samples collected
on the territory of the Nisava district. The samples
were obtained from the Association of Beekeepers
»Suva planina” from NiSka Banja. Table 1 lists the
types of honey and the localities where the samples
were collected.

Table 1. Honey samples used in the study

Samples Abv. Localities

Acacia honey Al Zaplanje (G. Barbes)
Acacia honey A2 Si¢evo

Acacia honey .

(crystallized) AC Sicevo

Acacia and sage AS Si¢evo

honey

Lavender honey L Tamnjanica
Meadow honey M Nis$ surroundings

Honeydew honey H Ni$ surroundings

Chemicals and reagents

Butylated hydroxyanisole (BHA) and DPPH were
obtained from Sigma Chemicals Co (St Louis, MO,
USA) and Folin-Ciocalteu phenol reagent from
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Merck (Darmstadt, Germany). Na,CO,, C,H,KO,,
K,O,S, and L(+)-ascorbic acid were purchased from
AnalaR Normapur (VWR, Leuven, Belgium) and
AI(NO,),x9H,0 from Fluka Chemie AG (Buchs,
Switzerland). ABTS and quercetin hydrate (Qu) were
obtained from TCI Europe NV (Boerenveldsweg,
Belgium). All chemicals were of analytical grade.

Physicochemical analysis

The physicochemical analysis of the honey samples
was carried out according to the methods listed in
the Harmonized Methods of the International Honey
Commission (International Honey Commission,
2009). The water content was determined two spaces
with a refractometer at 20 °C using Wedmore tables.
The pH value and acidity of honey samples were
determined by dissolving 10 g of honey in 75 ml of
distilled water. A pH meter (LLG pH meter 7, LLG,
Germany) was used to measure the pH values of the
samples at room temperature. The total acidity of
honey samples was determined as the sum of free and
lactone acidity. The free acidity was determined by
adding 0.05M NaOH to pH 8.5. The lactone acidity
was determined by adding 10 ml of 0.05M NaOH
to pH 8.5 and subsequent titration with 0.05M HCl
to pH 8.3. A honey solution for the analysis of the
hydroxymethylfurfural (HMF) content was prepared
by dissolving 5 g of honey in 25 ml of water.
Subsequently, 0.5 ml of Carrez reagents I and Il were
added to the solution for clarification and the samples
were additionally diluted with water. Alcohol was
also added to prevent foaming. The absorbance of
the sample was measured at 284 nm and 336 nm
using a UV-VIS spectrophotometer (Shimadzu 1650
PC, Kyoto, Japan). The HMF content is expressed
in mg/kg and was calculated using the following
equation: HMF=(A . -A., )x149.7. Diastase activity
was determined using a buffered solution of soluble
starch and honey incubated at 40 °C. The absorbance
of 1 ml of solution was measured at 660 nm at
S-minute intervals. The amount of reducing sugars
and sucrose was determined by titration of Fehling’s
solution containing methylene blue with a honey
solution.

Antioxidative activity

To test the antioxidant potential of honey samples,
a honey solution was prepared by dissolving 10 g of
honey in 10 ml of distilled water. The solution was
then filtered, and the resulting samples were used to
determine the total phenolic and flavonoid contents
and to test the potential of the samples to neutralize
DPPH (2,2-diphenyl-1-picrylhydrazil) and ABTS
(2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic
acid)) radicals.
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Total phenolic content

The total phenolic content (TPC) was determined
using the Folin-Ciocalteu method (Singleton et al.,
1999). Concentrated commercial Folin-Ciocalteu
reagent (Merck, Germany) was diluted with distilled
water at a ratio of 1:10. 1500 pl of the reagent was
added to 300 pl of a diluted honey sample with
concentrations of 1 and 0.5 g/ml. After the mixture
was kept in the dark for 6 minutes, a 7.5% Na,CO,
solution was added. The contents were mixed
with a vortex, the test tubes were covered and left
in a dark place for 2 hours. The absorbance of the
mixtures was measured with a spectrophotometer at
a wavelength of 740 nm. The TPC is expressed in
mg gallic acid equivalents (GA)/kg honey calculated
using the standard curve for gallic acid.

Total flavonoid content

The total flavonoid content (TFC) was measured
according to the method described by Woisky and
Salatino (Woisky & Salatino, 1998). The reaction
mixture was prepared by adding 4.1 ml of 80%
C,H,OH, 0.1 ml of 10% AI(NO,),x9H,0 and 0.1
ml of 1M C,H,KO, to 600 ul of a diluted honey
sample with a concentration of 1 and 0.5 g/ml. The
contents were mixed with a vortex, the test tubes
were covered and left in a dark place for 40 minutes.
The absorbance of the mixtures was measured with
a spectrophotometer at a wavelength of 415 nm.
The TFC was calculated using the standard curve
for quercetin and expressed in mg equivalents of
quercetin (QE)/kg honey.

DPPH scavenging activity

The determination of the potential antioxidant
capacity by DPPH assay was performed
spectrophotometrically using the Blois method
(Blois, 1958). DPPH dissolved in methanol at a 0.04
mg/ml concentration was used as the reagent. The
concentrations of the honey solution were selected
based on experiments with the DPPH solution
according to the procedure indicated. The reaction
mixture, prepared by mixing 200 pl of the tested
sample with 1800 ul of the DPPH solution, was
gently shaken and kept at room temperature in the
dark for 30 minutes. The absorbance of the solution
was then measured at 517 nm. The percentage of
DPPH radical scavenging was calculated according
to the following equation:

Scavenging activity (%) = (A -A)) x 100/A,

where A represents the absorbance of the initial
DPPH solution and A, represents the absorbance of
the samples.

The results are presented as the IC,, value,
which indicates the concentration of the sample that
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scavenges 50% of the DPPH radicals. Two known
antioxidants, vitamin C and butylated hydroxyanisole
(BHA), were used as positive controls.

ABTS radical scavenging activity

The ABTS radical scavenging test was performed
according to the modified method of Miller and
Rice-Evans (Miller & Rice-Evans, 1997). The ABTS
reagent was prepared by dissolving 19.2 mg of
ABTS in 5 ml of 2.46 mM K,O,S , and the solution
was allowed to stand in the dark at room temperature
for 12-16 hours. The reaction mixture was prepared
by mixing 75 pl of diluted honey sample and 3 ml
of ABTS reagent. The contents were mixed with a
vortex, then the test tubes were covered and allowed
to stand for 30 minutes at 30 °C in a water bath. The
absorbance was measured at a wavelength of 734
nm. ABTS scavenging activity was calculated based
on the calibration curve for vitamin C and expressed
in mg vitamin C equivalents (VitC)/g honey.

Antimicrobial activity
Microbial strains

The antimicrobial activity of honey samples was
determined against Gram-positive bacteria Kocuria
rhizophila ATCC 9341 and Staphylococcus
aureus ATCC 6538, and Gram-negative bacteria
Escherichia coli ATCC 8739, Proteus mirabilis
ATCC 12453 and Pseudomonas paraeruginosa
ATCC 9027. Two fungal strains, the yeast Candida
albicans ATCC 10231 and the mold Aspergillus
brasiliensis ATCC 16404 were also used for the
antimicrobial test. The cultures of the bacterial
strains were grown on Nutrient agar (Torlak, Serbia)
at 37 °C, while the fungal cultures were incubated on
Sabouraud dextrose agar (Torlak, Serbia) at 30 °C.

Antimicrobial assay

The antimicrobial activity of the honey samples
was tested using the micro/well dilution method
(Clinical and Laboratory Standards Institute, 2012.).
The bacterial cultures were incubated at 37 °C on
Mueller-Hinton agar, while the fungi were incubated
at 30 °C on Sabouraud dextrose agar. The bacterial
suspensions were prepared in Mueller-Hinton
broth, fungal suspensions were made in Sabouraud
dextrose broth, and their turbidity was standardized
using a McFarland densitometer (DEN-1B, Biosan).
The final density of the bacterial and yeast inocula
was 5x10°, while the final density of the mold
inoculum was 1x10* The stock solutions of the
honey samples were prepared in distilled sterile
water (initial concentration 0.5 g/mL = 50%) and
then serially diluted (dilution factor 2). The final
concentration of the tested samples in the medium
was 250.00-0.1 mg/ mL (25-0.01%). After dilution,
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the inoculum was added to all wells of the microtiter
plates and then the plates were incubated at 37 °C
for 24 hours (bacterial strains) and at 30 °C for 48
hours (fungi). Chloramphenicol and Nystatin were
used as a positive control, while a non-inoculated
well without an antimicrobial substance was used to
confirm the sterility of the medium. Artificial honey
prepared by dissolving 40 g fructose, 30 g glucose,
8 g maltose and 2 g sucrose in 100 ml distilled water
and sterilized at a temperature of 121 °C for 15
minutes served as a control (AL-Walili et al., 2013).
The minimum inhibitory concentration (MIC) is
defined as the minimum concentration of honey
that inhibits the visible growth of cell cultures. All
experiments were done in triplicate.

Statistical analysis

All measurements in antioxidant activity tests were
performed in triplicate, and the results are presented
as averages + standard deviation (SD). The results
were statistically analyzed using one-way analysis of
variance (ANOVA) followed by Tukey’s HSD test
(p<0.05) using the Minitab®17 software (Minitab,
LLC, State College, Pennsylvania, USA).

Results and discussion
Physicochemical properties of honey samples

The physicochemical properties of honey as
important indicators of the quality and authenticity
are determined by European and Serbian regulations
(Codex Alimentarius Commission, 2001;
Vrani¢ et al.,, 2017). Tab. 2 shows the values of
physicochemical parameters for all analyzed honey
samples and the reference values prescribed by
Serbian regulations (Vrani¢ et al., 2017).

Most of the physicochemical parameters of
the analyzed honey samples complied with the
regulations (Tab. 2), which indicates the good
quality of the collected honey samples. Only the
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content of hydroxymethylfurfural (HMF), an
organic compound formed during the dehydration
of sugars in honey, was higher in one sample of
crystallized acacia honey AC (68.47 mg/kg) than
the maximum value of 40 mg/kg specified in the
Codex Alimentarius standard. In the AC sample,
the activity of the enzyme diastase, which converts
starch into sugars with shorter chains, was also the
lowest (Tab. 2). The obtained values of diastase
activity and HMF content of the AC sample could
indicate improper preservation of the honey and its
possible exposure to sunlight or another heat source
during processing and storage. The sample of acacia
and sage honey (AS) had an extremely low HMF
content and the lowest water content so this honey
could be described as the freshest of all analyzed
honey samples according to the Codex Alimentarius
standard. The diastase activity was the highest in
the AS sample, which also indicates the exceptional
quality of this honey sample.

Several  physicochemical parameters are
important for the differentiation between blossom
honey and honeydew (Pita-Calvo & Vazquez, 2017).
Manzanares et al. (2011) concluded that acidity,
pH, electrical conductivity, proline, invertase,
and glucose are the most important differentiating
factors between these two kinds of honey based
on a multivariate analysis of the physicochemical
parameters and sugar composition of 77 honey
samples. The honeydew honey in our study had the
highest pH and acidity, but the lowest reducing sugar
content (Tab. 2). In addition, the color of sample H
was darker compared to the other honey samples
(data not shown), which is also characteristic of this
honey type (Kesi¢ et al., 2020).

Antioxidant activity

One important parameter for the biological
activity of honey is its antioxidant activity, which

Table 2. Physicochemical properties of analyzed honey samples

Samples Referent

Parameters

Al A2 AC AS L M H value
Moisture (%) 15.64 15.24 16.73 14.9 16.32 15.43 15.06 <20
Diastase activity (degrees
of the Goethe scale) 23.75 25.69 11.63 32.78 39.45 30.9 37.71 >8
HMF (mg/kg) 4.79 7.84 68.47 1.87 6.99 4.8 9.11 <40
pH 4.15 423 3.79 4.12 3.54 4.33 4.51
Acidity (meq/kg) 10.55 7.36 10.41 13.44 32.88 23.8 33.25 <50
(ROZ‘)’“C'“g sugar content 764 7395  70.19 7294 7405  67.15  66.71 >60
Sucrose content (%) 2.15 2.03 2.82 2.92 2.48 2.62 2.77 <5
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was evaluated in this study by determining the
content of total phenols (TPC) and flavonoids (TFC)
and measuring the ability of honey samples to trap
DPPH and ABTS radicals.

Total phenol and flavonoid contents were
significantly different (p<0.05) for most honey
samples (Fig. 1). The highest TPC and TFC values
were determined in the honeydew sample (sample
H), while the acacia honey sample A2 had the lowest
phenol and flavonoid content. Apart from sample
H, TPC was quite high in samples of acacia crystal
(AC), lavender (L), and meadow (M) honey (Fig.
1a). On the other hand, TFC was two or ten times
higher in sample H compared to other analyzed honey
samples (Fig. 1b). High TFC was also determined
in the samples of meadow honey (55.78+0.018) and
acacia crystal honey (36.54+0.038).
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values were also found for AC and AS samples (0.87
mg/ml and 0.89 mg/ml, respectively), while the A2
sample exhibited the weakest DPPH scavenging
activity with an IC, value of 3.45 mg/ml. Phenolic
compounds from various biological sources are one
of the most important radical scavengers, so the
DPPH scavenging activity of the sample is directly
correlated with TPC (Lewoyehu & Amare, 2019).
The sample of honeydew and meadow honey, which
in this work had the lowest IC values, also had high
TPC and TFC, indicating that flavonoids are the
main carriers of scavenging activity. Honey is rich
in various flavonoids among which pinocembrin,
apigenin, kaempferol, quercetin, pinobanksin,
luteolin, galangin, hesperetin, and isorhamnetin
are the most important compounds that affect the
antioxidant activity of honey (Da Silva et al., 2016).

b
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Fig. 1. Total phenol (a) and flavonoid (b) contents in honey samples. Results are presented as meanzSD.
Values marked with the same letters are not significantly different (p>0.05)

Phenolic acids and flavonoids are components
found in honey in varying amounts depending on the
biological origin of the honey and the geographical
area from which the honey was collected (Becerril-
Sanchez et al.,, 2021). However, the amount of
these biologically active compounds is higher in
honeydew than in floral honey samples (Pita-Calvo
& Vazquez, 2017). Also, polyfloral honey such as
meadow honey had higher TPC and TFC and better
antioxidant activity compared to monofloral honey
(Atanackovi¢ Krstonosi¢ et al., 2019). The results
obtained in this study for TPC and TFC are similar
to previously published results for different honey
samples collected on the territory of Serbia (Savatovié
et al., 2011; Gasi¢ et al., 2014; Canadanovi¢-Brunet
et al., 2014; Velimirovi¢ et al., 2023).

The results of the scavenging activity of honey
samples are presented in Fig. 2. Honeydew and
meadow honey showed the best antioxidant activity
in the DPPH method with IC, values of 0.26 mg/ml
and 0.44 mg/ml, respectively. Low and similar IC,

The obtained values for antioxidant activity in the
ABTS method showed that all honey samples, except
sample Al, had a better antioxidant potential than
the positive control BHA (Fig. 2b). The difference
between the samples was small but statistically
significant between certain honey samples (Fig. 2b)
and the best activity was found in samples AS and H
(3.81 mgVitC/g). Sample A1 had the lowest activity
in the ABTS method of 1.46 mgVitC/g.

In the ABTS assay, there was no such clear
correlation between the content of phenols and
flavonoids and the ABTS scavenging activity as in
the DPPH assay. Stagos et al. (2018) showed by
examining the antioxidant activity of honey samples
from Mount Olympus in Greece that there was no
positive correlation between TPC and scavenging
activity in DPPH and ABTS assays although
some honey samples with high TPC had the best
DPPH activity (Stagos et al., 2018). Apart from
phenolic acids and flavonoids, ascorbic acid and
other vitamins, carotenoids, catalase, peroxidase,
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A AL A5 | M H 2HA

Fig. 2. Antioxidant activity measured by the DPPH (a) and ABTS (b) methods in honey samples. The
antioxidant activity was compared to butylated hydroxyanisole (BHA) and vitamin C as standards. Results
are presented as mean+SD. Values marked with the same letters are not significantly different (p>0.05)

and Maillard reaction products found in honey can
contribute to the antioxidant activity of honey (Chua
et al., 2013; Pauliuc et al., 2020).

Antimicrobial activity of honey

The antimicrobial activity of honey is a well-known
therapeutic property of this functional food which
has been used in many parts of the world since
ancient times (Majtan et al., 2021). Considering
that honey is an antimicrobial agent with a wide
spectrum of action, it was used in clinical studies
for the treatment of postoperative infection, burns,
necrotizing fasciitis, infected and nonhealing wounds
and ulcers, boils, pilonidal sinus, venous ulcers, and
diabetic foot ulcers (Al-Waili et al., 2011).

The antimicrobial activity of seven honey
samples was evaluated against Gram-positive and
Gram-negative bacteria, the yeast C. albicans and the
mold A. brasiliensis (Tab. 3). Sample H (honeydew)
showed the best antimicrobial activity, acting on
three bacterial strains (K. rhizophila, P. mirabilis, P.
paraeruginosa) with MIC values of 6.25-12.5% and
was the only honey sample that inhibited the growth
of the yeast C. albicans. This sample had the lowest
MIC of 6.25% against two bacterial strains, K.
rhizophila and P. mirabilis. The better antimicrobial
activity of honeydew compared to blossom honey
samples was also evident in other studies (Nedi¢ et
al., 2022). Sample A1 (acacia honey) also had good
antibacterial activity (MIC 12.5%) against all three
tested strains of Gram-negative bacteria (E. coli, P.
mirabilis, P. paraeruginosa) and the Gram-positive
bacterium K. rhizophila. Similar MIC values as
in this work were reported for honey samples of
different botanic and geographic origins (Basson
& Grobler, 2008; Zivkovi¢ et al., 2019; Obey et
al., 2022). Lavender honey also showed similar
activity to sample A1 but was less effective against
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E. coli. The crystallized acacia honey (AC) showed
the weakest antimicrobial activity, exhibiting the
same pattern of antimicrobial activity as the control
sample of artificial honey (AH).

The antimicrobial activity of honey can be
attributed to various chemical components and
enzymes contained in honey and to its specific
physico-chemical properties. Low water content,
high osmolarity due to a high sugar concentration,
low pH due to organic acids in honey, and the
concentration of hydrogen peroxide are considered
the most important antimicrobial factors (Almasaudi,
2021). Phenolic compounds, including phenolic
acids and polyphenols, or some specific compounds,
such as methylglyoxal in Manuka honey or the
peptide bee-defensin-1 in Revamil honey, can also
contribute to the antimicrobial properties of honey
(Kwakman et al., 2011; Majtan et al., 2021).

Sample H, which showed the best antimicrobial
activity, had the highest acidity, the highest content
of phenols and flavonoids, and the best scavenging
activity for DPPH and ABTS radicals. The
synergistic effect of all these potential antimicrobial
factors probably influenced the good antimicrobial
activity of this honey sample. The total phenolic
content was also high in lavender honey (sample L),
and this sample had the lowest measured pH (3.54),
suggesting that phenolics and acidity are probably
the main contributors to antimicrobial activity. On
the other hand, the sample of acacia honey Al with
the best antibacterial activity had a low content of
phenols and flavonoids but the highest concentration
of reducing sugars.

The weakest antimicrobial effect of all honey
samples analyzed was against the mold A.
brasiliensis, while only sample H had an inhibitory
effect on the growth of the yeast C. albicans. The
better antimicrobial effect of honey on bacteria
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Table 3. Minimal inhibitory concentration (MIC) of honey samples against different microorganisms

expressed in %

. . ATCC Samples
Microorganisms

number

Al A2 AC AS L M H AH

Gram + bacteria
Kocuria 9341 12,5 25 >2500 25 12.5 25 625  >25.00
rhizophila
Staphylococcus

6538 25 25 >25.00 25 25 25 25 >25.00
aureus
Gram - bacteria
Esherichia coli 8739 125 25 >25.00 25 25 25 25 >25.00
Proteus mirabilis 12453 125 12.5 25 12.5 12,5 125 625  >25.00
Pseudomonas 9027 12.5 25  >25.00 25 12.5 25 125 >25.00
paraerugmosa
Yeast
Candida albicans 10231 >25.00 >25.00 >25.00 >25.00 >25.00 >2500 125 >25.00
Mold
Aspergillus 16404  >25.00 >25.00 >25.00 >25.00 >25.00 >25.00 >25.00 >25.00
brasiliensis

compared to fungi has been established in many
studies (Basson & Grobler, 2008; AL-Waili et al.,
2013; Kolayli et al., 2020) Among the bacterial
strains, S. aureus ATCC 6538 showed the highest
resistance, while P. mirabilis ATCC 12453 was the
most sensitive bacterial strain, which was affected
by all honey samples except the AC sample.

Conclusion

The results presented in this paper show that the
seven honey samples collected in the NiSava
district were of good quality. The honeydew sample
differed from the other honey samples regarding
its physicochemical properties and had the best
antioxidant and antimicrobial activity. The content
of phenols and flavonoids, the scavenging activity
of DPPH and ABTS radicals, and the antimicrobial
activity of the other honey samples were diverse,
indicating the need to test each honey sample
individually before using it as a functional food.
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