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Abstract: This paper presents the physicochemical characteristics and antioxidative, antibacterial
and antiproliferative effects of nineteen samples of different honey types (acacia, linden, heather,
sunflower, phacelia, basil, anise, sage, chestnut, hawthorn, lavender and meadow) collected from
different locations in the Western Balkans (Republic of Serbia, Kosovo, Bosnia and Herzegovina,
and Northern Macedonia). Physicochemical parameters (moisture, pH, electrical conductivity, free
acidity, and hydroxymethylfurfural [HMF]) were analysed. Based on the obtained results, all tested
honey samples were in agreement with EU regulation. The antioxidant potential of honey samples
was assessed by determination of total phenolic content (TPC) and evaluation of scavenging ac-
tivity towards diphenilpicrylhydrazyl radicals (DPPH-). The highest phenolic content was found
in basil honey (101 £ 2.72 mg GAE/100 g), while the lowest was registered in rapeseed honey
(11.5 £ 0.70 mg GAE/100 g). Heather, anise, phacelia, sage, chestnut and lavender honey samples
were also rich in TP, containing 80-100 mg GAE/100 g. DPPH scavenging activity varied among
the samples being the highest for lavender honey (IC59p = 88.2 + 2.11 mg/mL) and the lowest
for rapeseed honey (ICsg = 646 + 8.72 mg/mL). Antibacterial activity was estimated in vitro using
agar diffusion tests and measuring minimal inhibitory concentration (MIC). Among investigated
bacterial strains following resistant potencies were determined: Escherichia coli > Escherichia coli
ATCC 8739 > Enterococcus faecalis > Proteus mirabilis > Staphylococcus aureus > Staphylococcus epider-
midis. The linden honey from Fruska Gora (MIC values of 3.12% and 6.25% against Staphylococ-
cus aureus and Staphylococcus epidermidis, respectively) and phacelia honey (MIC values of 6.25%
and 3.12% against S. Staphylococcus aureus and Staphylococcus epidermidis, respectively) showed the
strongest antibacterial activity. Antiproliferative activity was evaluated using the colorimetric sul-
forhodamine B (SRB) assay. The highest antiproliferative activity was obtained from linden honey
sample 1 (IC5oMCF” = 7.46 4+ 1.18 mg/mL and IC5,H¢l =12.4 4 2.00 mg/mL) and meadow sample 2
(IC5oMCF7 = 12.0 + 0.57 mg/mL, IC50HeM? = 16.9 + 1.54 mg/mL and IC50"T 2% = 23.7 4 1.33 mg/mL)
towards breast (MCF7), cervix (HeLa) and colon (HT-29) cancer cells. Active components other than
sugars contributed to cell growth activity.

Keywords: honey; antioxidant activity; antibacterial activity; antiproliferative activity

1. Introduction

Honey is a natural sweetener produced by honeybees using nectar. It has been used
not only for food, but also for therapeutic purposes.

The nutritional profile of honey is defined by the content of its main constituents,
carbohydrates and water, as well as numerous minor compounds such as organic acids,
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proteins, amino acids, minerals, vitamins and other compounds [1]. It is mostly influenced
by the type of nectar, secretions of flowering plants and/or excretions of plant-sucking
insects, as well as climate conditions and soil composition [2].

In addition to its dietary effects, honey is known for health properties arising from its
antioxidant nature, which is primarily provided by its phenolic composition, rather than
the presence of ascorbic acid, carotenoid-like substances, organic acids, Maillard reaction
products, amino acids and proteins [3]. The antioxidant properties of honey vary due to
botanical and geographical variations.

The main polyphenols in honey are flavonoids, but phenolic acids are also present [4].
Phenolic compounds in honey depend on the type of nectar and therefore can serve as floral
markers. Their presence in honey is associated with its medicinal properties. For example,
antitumor effect of coriander honey was established using Ehrlich ascites carcinoma (EAC)
model with mice and attributed to its antioxidant activity /polyphenol presence [5]. A list
of beneficial roles of honey polyphenols against some human degenerative diseases was
presented in the paper of Hossen et al. [6]. However, overall honey therapeutic properties
imply not only its antioxidant nature, but antibacterial, bacteriostatic, anti-inflammatory;,
antimutagenic and other activities [7].

The antibacterial activity of honey was attributed to the high osmolarity and acidity
of honey [8], as well as the presence of hydrogen peroxide, which is generated by glucose
oxidase-mediated conversion of glucose in honey [9]. Additionally, phenolic compounds
are responsible for the antimicrobial activity of honey [10]. Methyl syringate was evidenced
to provide honey with its ability to scavenge superoxide free radicals and thus exerts its
antibacterial activity [11].

Several studies demonstrate the anticancer activity of honey, i.e. raw honey shows a
chemopreventive effect against various cancer cell lines and tissues in in vitro and in vivo
studies [12]. This activity can be explained by different mechanisms including cell cycle
arrest, induction of apoptosis, modulation of oxidative stress and immuno-modulation.
Acacia honey inhibited the growth of human breast adenocarcinoma cells in a dose- and
time-dependent manner by apoptotic cell death [13], while buckwheat honey was proven to
express antiproliferative effect in in vitro study [14]. These evidences suggest the potential
application of honey (or its active components) as a part of an alternative medical treatment
of human tumours [15].

The Republic of Serbia is known to produce acacia, sunflower and linden honey as the
most frequently used monofloral honey types [2,16], but some others are also present on
the Serbian market (rapeseed and phacelia) [17].

Starting from the considered therapeutic properties of honey, the aim of this paper
was to evaluate the antioxidative, antibacterial and antiproliferative effects of nineteen
samples of different honey types (acacia, linden, heather, sunflower, phacelia, basil, anise,
sage, chestnut, hawthorn, buckwheat, lavender and meadow) collected from different
locations in the Western Balkans (Republic of Serbia, Kosovo, Bosnia and Herzegovina, and
Northern Macedonia). Physicochemical parameters (moisture, pH, electrical conductivity,
free acidity, and HMF) were also determined to ensure that honey samples fulfilled the
requirements for honey quality [18].

2. Material and Methods
2.1. Honey Samples

Nineteen samples of different honey types (acacia, linden, heather, rapeseed, sunflower,
phacelia, basil, anise, sage, chestnut, hawthorn, lavender and meadow) were obtained
from beekeepers who declared their botanical origin. The harvesting period was 2019 and
the samples were from different locations in the Republic of Serbia, Kosovo, Bosnia and
Herzegovina, and Northern Macedonia (Table 1). The samples were packed in glass vessels
and stored at room temperature (22 + 1 °C) in a dark place until analyses.
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Table 1. Type of honey sample, location, and dominant/secondary pollen.

Honey Type Location Region Dominant/Secondary Pollen
Acacia 1 Alibunar Backa, Vojvodina Robinia pseudoacacia
Acacia 2 Fruska Gora Srem, Vojvodina Robinia pseudoacacia
Linden 1 Fruska Gora Srem, Vojvodina Tilia sp.
Linden 2 Derdap northeastern Serbia Tilia sp.

Heather 1 Popovo Polje eastern Herzegovina Calluna vulgaris
Heather 2 Ljubuski Bosnia and Herzegovina Calluna vulgaris
Rapeseed 1 Secanj Banat, Vojvodina Brassica napus
Rapeseed 2 TovariSevo Backa, Vojvodina Brassica napus
Sunflower Apatin Backa, Vojvodina Helianthus annuus
Phacelia Sajkas Backa, Vojvodina Phacelia tanacetifolia
Basil Novi KneZevac Banat, Vojvodina Stachys annua
Anise Probistip Northern Macedonia Pinpinella sp.
Sage Ljubuski Bosnia and Herzegovina Salvia officinalis
Chestnut Cazin Bosnia and Herzegovina Castanea sp.
Hawthorn Cer northwestern Serbia Crataegus monogyna
Lavender Fruska Gora Srem, Vojvodina Lavandula stoechas
Meadow 1 Trebinje Republic of Srpska, BH
Meadow 2 Leposavi¢ Kosovo
Meadow 3 Plandiste Banat, Vojvodina

2.2. Physicochemical Parameters

The physicochemical parameters of honey samples (moisture, pH, electrical conduc-
tivity and free acidity) were determined according to the methods of AOAC [19] and the
Harmonised Methods of the International Honey Commission [20].

2.3. Hydroxymethylfurfural (HMF) Analysis

Sample preparation: The extraction procedure was described by Sakac et al. [2] based
on the method of Rufian—-Henares and De La Cueva [21] with some modifications made by
Petisca et al. [22].

HPLC-DAD analysis: the HPLC method described by Ariffin et al. [23] and Tomasini
et al. [24] was used to quantify HMF in honey samples. HPLC analysis was performed
using a liquid chromatograph (Agilent 1200 series, Agilent Technologies Santa Clara,
CA, USA) with a DAD detector and an Eclipse XDB-C18, 1.8 um, 4.6 x 50 mm column
(Agilent). The column temperature was 30 °C. The injection volume was 2 uL. The mobile
phase consisted of two eluents, H,O (0.1% HCOOH) (A) and methanol (B). The flow rate
was 0.75 mL/min. The isocratic elution was applied with the ratio A:B (90:10, v/v). The
total run time was 5 min.

2.4. Total Phenolic Content

The Folin—Ciocalteu method described by Ferreira et al. [25] was used to determine
total phenolic content (TPC) with some modifications. Honey sample (1 g) was dissolved
in 20 mL of distilled H,O. The honey solution was used (8 mL) and mixed with 500 uL of
diluted Folin—Ciocalteu reagents (1:2) for 3 min. Thereafter, 1.5 mL of sodium carbonate
(25%) was added. The mixture was shaken and left to stand in the dark at 22 + 1 °C for 2 h.
The absorbance was measured at 750 nm using a spectrophotometer (Specord M40, Carl
Zeiss, Jena, Germany). Gallic acid (1.25-31.25 ug/mL) was used as the standard for the
construction of the calibration curve, and the TPC was expressed as gallic acid equivalents
(GAE) (mg GAE/100 g of honey).

2.5. DPPH Radical Scavenging Activity

The ability of honey samples to scavenge 1,1-diphenyl-2-picrylhydrazyl radicals
(DPPH-) was estimated using the method described by Hatano et al. [26], with some
modifications.
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A honey sample (2 g) was dissolved in 10 mL of distilled water, centrifuged (3000 g)
and filtered. Then, 0.1 mL of each of the various concentrations of the honey solution
(25.0, 50.0, 100, 200, 400, and 800 mg/mL) was diluted in 2.9 mL of methanol, and 1 mL
of 90 umol/L methanol solution of DPPH was added. The control was prepared using
distilled water instead of honey solution. The reaction mixtures were vortexed and left to
stand in the dark at 22 £ 1 °C for 1 h. The absorbance was measured at 517 nm using a
spectrophotometer (Specord M40, Carl Zeiss, Jena, Germany). The IC5y value (mg/mL)
was defined as the concentration of an antioxidant which was required to quench 50% of
the initial amount of DPPH-.

2.6. Antibacterial Activity

Honey solutions were prepared by dissolving honey in sterile distilled water immedi-
ately prior to analysis to obtain a range of dilutions (25.0%, 12.5%, 6.25%, 3.125%, 1.56%,
and 0.75%).

The antibacterial activity was tested against the gram-negative bacteria Escherichia
coli (ATCC 8739), Escherichia coli I (clinical strain), and Proteus mirabilis (clinical strain),
and gram-positive bacteria Staphylococcus aureus (ATCC 25923), Staphylococcus epidermidis
(clinical strain), and Enterococcus faecalis (ATCC 29212).

The minimal inhibitory concentration (MIC) was determined by modified microdilu-
tion analysis [27]. Pure bacterial strains were subcultured on nutrient agar slants at 37 °C
for 24 h, while suspensions of the tested strains corresponded to the McFarland 0.5 optical
density ~ 1.5 x 108 CFU/mL. The MIC of the samples was determined following the
addition of 10 pL of 2,3,5-triphenyl tetrazolium chloride (1% solution) and incubation at
37 °C for 2 h, until the development of the red colour. The lowest concentration of honey
that inhibited bacterial growth, which was identified by the absence of red formazan, was
considered as the MIC.

2.7. Antiproliferative Activity

The ATCC (American Type Culture Collection, Manassas, VA, USA) human tumor
cell lines HeLa (cervcal carcinoma), MCF7 (breast epithelial adenocarcinoma), HT-29
(colon adenocarcinoma) and MRC-5 (normal fetal lung fibroblasts) were used for the
estimation of cell growth activity. Cell lines were grown in Dulbecco’s modified Eagle’s
medium (DMEM; PAA Laboratories GmbH, Pashing, Austria) with 4.5% glucose, sup-
plemented with 10% heat-inactivated fetal calf serum (FCS; PAA Laboratories GmbH,
Pashing, Austria), 100 IU/mL of penicillin and 100 pug/mL of streptomycin (Galenika, Bel-
grade, Serbia). Cell lines were cultured in 25 mL flasks (Corning, New York, NY, USA) at
37 °C in an atmosphere of 5% CO,, high humidity and sub-cultured twice a week. Sin-
gle cell suspension was obtained using 0.1% trypsin (Serva, Heidelberg, Germany) with
0.04% EDTA.

Honey samples and standard (glucose) were dissolved and diluted in 0.9% NaCl to
obtain a range of ten concentrations (0.15-50 mg/mL). All samples were filtered through a
0.22 pm Millipore (Millex-GV) membrane filters to obtain sterility.

Cell lines were harvested and plated into 96-well microtiter plates (Sarstedt, Newton,
NC, USA) at a seeding density of 4-8 x 10° cells per well, with a volume of 180 pL, and
pre-incubated in medium supplemented with 5% FCS at 37 °C for 24 h. Serial dilutions
of samples and solvent (20 puL per well) were added to test and control wells, respectively.
Microplates were then incubated at 37 °C for the additional 48 h.

Cell growth was evaluated using the colorimetric sulforhodamine B (SRB) assay
according to Skehan et al. [28], modified by Cetojevi¢-Simin et al. [29]. Effects on cell
growth were expressed as a percent of the control and calculated as % Control = (A;/A.)-100
(%), where A is the absorbance of the test sample and A, is the absorbance of the control.
Corresponding dose-effect curves were drawn using Origin software (Version 8.0) and ICsg
values (concentration of sample that inhibits cell growth by 50%) were determined. Results
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were expressed as mean £ SD of four measurements (1 = 4 test samples and standard) and
eight measurements (n = 8; controls).

2.8. Statistical Analyses

The data were processed statistically using the software package STATISTICA 10.0
(StatSoft Inc., Tulsa, OK, USA) and XLSTAT 2022.1 (Addinsoft, New York, NY, USA). Results
were expressed as mean =+ standard deviation of triplicate analyses for all measurements,
except in the case of in vitro cell growth activity determination, which was performed in
4 or 8 repetitions. Furthermore, principal component analysis (PCA) was performed to
graphically visualize the relationships between all analysed parameters and samples.

3. Results and Discussion
3.1. Physicochemical Characterisation of Honey

The physicochemical parameters of honey represent the useful indicators of its quality,
which is necessary to be in accordance with EU regulation [18]. Also, these parameters
can help in estimation of honey botanical origin [30]. Among physicochemical parameters,
moisture content, electrical conductivity, pH, free acidity and HMF were determined and
presented in Table 2.

Table 2. Physicochemical parameters of different types of honey.

Honey Type Moisture pH Electrical Conductivity Free Acidity HMF
(%) (uS/cm) (meq/kg) (mg/kg)
Acacia 1 173 +£0.10€ 3.90 + 0.01 8P 136 + 3.51 ™ 13.8 £ 026N 4.02 4+ 0.04 '8
Acacia 2 16.4 + 0.35 ©f 451 + 0.02 bc 114 £ 2.65° 16.3 +0.308 323 +0.118h
Linden 1 15.8 + 0.06 M 4.62 +0.022 488 +£10.5h 16.1 +£0.218 7.04 +0.98°¢
Linden 2 17.1 +£0.23<d 472 +£0.022 608 + 2.08 f 14.5 + 0.12 8h 546 +0.214
Heather 1 16.7 +0.21 de 43240114 834 +8.394 392 +£2.192 541+ 0.17 de
Heather 2 15.6 £ 0211 3.36 £ 0.03! 809 +7.774 30.7 + 1.30 be 3.27 + 0.06 8h
Rapeseed 1 19.4 +£0.152 4.01 4 0.04 °f8 224 4+ 3791 21.340.68f 2.42 +0.09 N
Rapeseed 2 184 +0.26P 410 +0.03¢ 191 4+ 7.77 ™ 16.3 +0.46 8 7.15+1.00¢
Sunflower 17.0 + 0.53 <4 338 +£0.22K 366 + 13.11 28.9 + 1.78 cde 9.41+0.702
Phacelia 15.0 £+ 0.211 3.66 + 0.06 295 + 4.73 k 372 +2002 1.89 +0.301
Basil 16.0 + 0.20 8h 3.84 +0.03h 413+ 7.091 27.9 +0.35 de 3.14 +0.138h
Anise 16.4 + 0.30 8 434400449 879 + 8.74 ¢ 31.2+0.89b 5.58 + 0.86 4
Sage 15.1 £+ 0.211 4.07 £ 0.06 557 + 8.89 8 37.7 £1.942 4.94 + 0.84 def
Chestnut 16.5 + 0.25 ¢ 454 4+0.11b 1251 +£41.72 271+026¢ 443 £ 0.42 ¢
Hawthorn 19.1+0312 441 +0.04d 163 4+ 12.5 ™ 203+ 0.36f 825+ 042b
Lavender 15.8 + 0.26 hi 3.65+0.041 1040 £54.1P 389 +1.632 7.73 +1.01 b¢
Meadow 1 14.9 + 0.15J 3.59 + 0.09 i 353 +£12.11 37.84+2762 1.85 + 0.121
Meadow 2 17.4 +0.40¢ 3.95 + 0.04 f8h 715+ 11.9¢ 20.1+0.70¢ 3.41 +0.34 80
Meadow 3 163 +0.12f8 3.50 £+ 0.15 )k 470 +£23.7h 29.5 + 0.75 bed 1.81 +£0.581

Means in the same column with different superscript are statistically different (p < 0.05).

The moisture content of honey depends on its botanical and geographical origin, as
well as beekeeping/processing techniques and storage conditions [1,16]. The moisture
content of examined honey samples was in the range of 14.9 £ 0.15 to 19.4 = 0.15%, being
the highest in rapeseed honey sample 1 and the lowest in meadow honey sample 1 (Table 2).
All honey samples met the criterion for moisture content (max 20%) defined by the Codex
Alimentarius Commission [18].

Free acidity results from the presence of H donors in honey, i.e. the presence of organic
acids in equilibrium with their corresponding lactones and some inorganic ions. The
fermentation of sugars into organic acids leads to incrased honey acidity. This parameter
is limited to 50.00 meq/kg [18], and all the examined samples fulfilled this requirement
(Table 2).



Antioxidants 2022, 11, 1120

6 of 14

The pH limit is not deffined by Codex Alimentarius Commission [18], but it is rec-
ommended to be low in order to suppress microbiological growth. The pH values in the
examined honey samples were between 3.36 & 0.03 and 4.72 + 0.02, being comparable with
those presented in other papers [12,31,32]. This parameter has great importance during the
extraction and honey storage, because it influences the texture, stability and shelf life of
honey [33].

The electrical conductivity of honey samples ranged from 114 to 1251 uS/cm (Table 2).
Acacia honey was characterised by the lowest conductivity (114 + 2.65 uS/cm), which is
in line with previously reported results for acacia and other light-coloured honeys [34].
Contrarily, dark honey types have higher conductivity levels [35], especially chestnut
honey (1251 £ 41.7 uS/cm) (Table 2), whose conductivity correlates with its high mineral
content [34,36]. In both cases (acacia and chestnut honey) electrical conductivity may
be the marker of botanical origin. Regarding conductivity levels, all the samples were
compliant with the level defined by the regulation [18] except heather and chestnut honey
samples which are known to have conductivity values above 0.8 mS/cm [31] and, therefore,
represent the exceptions in honey regulative [18]. The data are consistent with previously
reported values of honey types from Serbia [16,17] and other European countries [32].

HMF is a marker of honey freshness. This non-enzymatic Maillard reaction product
is acceptable at the values below 40 mg/kg for honey originating from non-tropical re-
gions [18]. It is known that the amount of 10 mg/kg HMF naturally presents in honey [35].
Therefore, examined honey samples were considered fresh having HMF content from
1.81 £ 0.58 mg/kg (meadow 3) to 9.41 £ 0.70 mg/kg (sunflower) (Table 2).

3.2. Antioxidative Potential of Honey

The main antioxidants present in honey are polyphenols [31], which also exhibit
bactericidal, anti-inflammatory, anti-allergenic, anticoagulant, and anti-cancer effects [37].
Differences in TPCs between examined honey samples were statistically significant
(p < 0.05) (Table 3) and arise from differences in honey botanical and geographical origin [1].

Table 3. Phenolic content and DPPH radical scavenging activity of different types of honey.

Polyphenols DPPH, ICs,
Honey Type (mg él;ua/mo g (mg/mL)

Acacia 1 144 + 0.49 K 442 +19.3b
Acacia 2 13.5 + 0.35m 388 +10.1¢
Linden 1 673 +£257f 115 +9.00!
Linden 2 53.7 +3.37 8 223 +12.38
Heather 1 793 +1.01¢ 137 + 755
Heather 2 84.0 +£3.838 156 + 10.31
Rapeseed 1 115+0.70™ 646 +8.722
Rapeseed 2 11.9 +£0.25m 640 £ 2252
Sunflower 275+ 0.501 324 +£551¢
Phacelia 89.7 £0.99 ¢ 175 + 4.36 1
Basil 101 £2.722 162 + 5.29 1
Anise 98.7 +0.902 186 + 4.04 0
Sage 90.1+1.76°¢ 184 +£9.29
Chestnut 88.8+1.55¢ 193 +11.00
Hawthorn 36.7 +£1.34h 415 +14.0 €
Lavender 95.6 +1.06 P 88.2+2.11m
Meadow 1 245+ 1.01) 266 + 6.03 f
Meadow 2 26.5 +0.76 1 224 +£6.118
Meadow 3 16.8 +£0.50 * 428 + 14.2b¢

Means in the same column with different superscript are statistically different (p < 0.05).
acid equivalent

GAE—gallic
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The highest phenolic content was found in the basil honey sample (101 &+ 2.72 mg
GAE/100 g), while the lowest was registered in the rapeseed honey sample 1 (11.5 & 0.70 mg
GAE/100 g) (Table 3). Similar TPC levels were reported in the study of Liu et al. [38] who
determined TPC in honey ranging from 0.307 % 0.01 to 0.822 + 0.03 mg GAE/g or in the
study of Can et al. [34] who found TPC levels between 16.02 and 120.04 mg GAE/100 g.
Acacia honey samples 1 and 2 that belong to the light honey types were poor in polyphenols
as reported in the paper of Mari¢ et al. [39] for acacia honey from Serbia region. Among
darker honeys heather honey samples 1 and 2 had high TPC (79.3 4+ 1.01 mg GAE/100 g
and 84.0 & 3.83 mg GAE/100 g, respectively) being in line with findings of Alves et al. [31]
and Can et al. [34] for heather honey. Anise honey was characterised by high TP content
(98.7 £ 0.90 mg GAE/100 g) and this result is comparable with the finding of Giil and
Pehlivan [40] (113.22 4 0.46 mg GAE/100 g). Phacelia and sage honeys were also rich in
polyphenols (Table 3). Chestnut honey had slightly less TP (88.8 £ 1.55 mg GAE /100 g)
(Table 3) compared to the result of Can et al. (98.26 &+ 17.77 mg GAE/100 g) [34] and
Kaygusuz et al. (52.4-105.0 mg GAE/100 g) [41] for Turkish chestnut honey but despite its
lower content, it is classified as honey rich in polyphenols as found in the paper written
by Can et al. [34]. Lavender honey from Fruska Gora was superior in TPC (95.6 + 1.06 mg
GAE/100 g) compared to TPC found by Can et al. (53.39 + 23.34 mg GAE/100 g) [34].
Rapeseed honey samples 1 and 2 represented honey types poor in polyphenols. TPC in
rape honey from Poland was slightly higher—18.3 =+ 3.61 mg GAE/100 g [42]. Although
Piljac—Zegarac et al. [43] cited that heterofloral honeys from Croatia exhibited the highest
mean TP content (58.75 mg GAE/100) among twenty-six honey samples of different floral
origin (11 monofloral, 7 heterofloral, 8 special), our meadow honey samples 1-3 were much
lower in phenolics (16.8 & 0.50 to 26.5 4= 0.76 mg GAE/100 g), as already established in the
paper written by Maric et al. [39]. Alves et al. [31] also found that multifloral honeys are
light-colored and have low phenolic contents.

The antioxidant activity of honey samples was evaluated in DPPH assay and differed
significantly among the samples (Table 3). The scavenging activity of different honey types
on DPPH radicals expressed as ICs( value was in the range from 88.2 £ 2.11 mg/mL (laven-
der honey) to 646 & 8.72 mg/mL (rapeseed honey sample 1) (Table 3). Linden honey sample
1 (from Fruska Gora) was found to be very potent (ICsy = 115 & 9.00 mg/mL), as well as
heather honey sample 1 (IC5p = 137 & 7.55 mg/mL), while acacia honey samples exhibited
low antioxidant activity (ICsg around 400 mg/mL). The lowest antioxidant activity was
recorded for rapeseed honeys (ICsp around 640 mg/mL). Although the comparison of the
obtained results with the data published by other authors is difficult due to the differences
in expression of the antioxidant activity on DPPH radicals (% inhibition, ICsy values or
some other), our finding regarding the heather honey samples potential is similar to that of
Kus et al. [42], who underlined the high antioxidant activity of heather honey. Contrary,
acacia honey showed low DPPH activity (Table 3) as previously reported by Giil and
Pehlivan [40]. Wilczyriska [44] established that acacia honey was the lowest potent honey
type in terms of antioxidant activity on DPPH radicals, followed by goldenrods < rape <
lime < nectar-honeydew < multifloral < buckwheat < honeydew < phacelia < heather. Our
DPPH results are in line with the mention order except rape honey samples 1 and 2, which
were the lowest in DPPH activity.

The results of honey DPPH activity were correlated with TP contents of honey samples
(R? = —0.816) indicating that antioxidant activity is primarily a consequence of the presence
of polyphenolics that has been noticed before by other authors [40,42].

3.3. Antibacterial Activity

The antibacterial properties of honey could be attributed to the individual or syn-
ergetic effects of the honey acidity, osmolality, the presence of enzymatically generated
hydrogen peroxide and the presence of polyphenols [45,46] or some other compounds (e.g.,
methylglyoxal in manuka honey) [27].
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Antibacterial activity against the gram-negative bacteria: Escherichia coli (ATCC 8739),
Escherichia coli I (clinical strain), and Proteus mirabilis (clinical strain) and the gram-positive
bacteria Staphylococcus aureus (ATCC 25923), Staphylococcus epidermidis (clinical strain), and
Enterococcus faecalis (ATCC 29212) were determined, and results are expressed as minimal
inhibitory concentration (MIC) values in Table 4.

Table 4. Minimum inhibitory concentrations (MIC, %) of different types of honey against tested
strains of Escherichia coli (ATCC 8739), Escherichia coli, Proteus mirabilis, Staphylococcus aureus (ATCC
25923), Staphylococcus epidermidis, and Enterococcus faecalis (ATCC 29212).

MIC % against Different Strains of Bacteria

Honey Type Escherichia E g Staphylococcus Enterococcus
Coli (ATCC scherzF hia Prote%ls. Aureus Stap kylocchus Faecalis
li Mirabilis Epidermidis

8739) «© (ATCC 25923) P (ATCC 29212)
Acacia 1 25 25 25 25 12.5 >25
Acacia 2 25 25 25 12.5 25 >25
Linden 1 25 25 12.5 3.12 6.25 25
Linden 2 25 25 12.5 12.5 12.5 25
Heather 1 25 25 12.5 6.25 12.5 25
Heather 2 25 25 25 12.5 12.5 25
Rapeseed 1 >25 >25 >25 >25 >25 >25
Rapeseed 2 >25 >25 25 25 25 >25
Sunflower 25 25 12.5 12.5 12.5 25
Phacelia 12.5 25 12.5 6.25 3.12 25
Basil 25 25 12.5 12.5 12.5 25
Anise 25 25 12.5 6.25 12.5 25
Sage 25 25 25 12.5 12.5 25
Chestnut 25 25 25 12.5 12.5 25
Hawthorn >25 >25 25 25 25 25
Lavender 25 25 25 12.5 12.5 25
Meadow 1 25 25 25 12.5 12.5 25
Meadow 2 25 25 12.5 6.25 6.25 25
Meadow 3 25 25 25 12.5 12.5 25

The determination of MIC was performed in triplicate.

These bacterial strains are chosen for antibacterial activity testing because they are
among the most important causes of serious community bacterial infections in humans [27].

The study provided evidence that all the honey samples manifested antibacterial ac-
tivity against the studied strains, e.g., inhibited bacterial growth (Table 4). According to the
following resistant potencies, Escherichia coli > Escherichia coli ATCC 8739 > Enterococcus fae-
calis > Proteus mirabilis > Staphylococcus aureus > Staphylococcus epidermidis. It was concluded
that the examined honey samples demonstrated better inhibitory effects on gram-positive
bacteria. The same effect of honey was previously observed by Farkasovska et al. [47]
and Szweda [27]. The difference in sensitivity between gram-positive and gram-negative
bacteria on the antibacterial activity of honey stems from the difference in the composition
of their cell walls. Compared to gram-negative bacteria, gram-positive bacteria have no
outer membrane to protect the peptidoglycan layer, which makes it easier for antimicrobial
agents to penetrate and cause damage [48].

Linden honey sample 1 (from Fruska Gora) and phacelia honey samples 1 and 2
showed the strongest antibacterial activity. The average MIC values of 3.12% and 6.25%
against gram-positive bacteria Staphylococcus aureus and Staphylococcus epidermidis, respec-
tively, were determined for linden honey, while phacelia honey samples exhibited MIC
values of 6.25% and 3.12% against Staphylococcus aureus and Staphylococcus epidermidis,
respectively (Table 4). Junie et al. [49] also studied the antimicrobial activity of 10 differ-
ent honey samples and established that the most sensitive bacteria to honey antibacterial
activity were Staphylococcus aureus and Staphylococcus epidermidis. Nemo and Bacha [50]
also found Staphylococcus aureus to be the most susceptible among investigated bacteria
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against honey. Contrary to these findings, Dogo Mracevi¢ et al. [17] revealed that honey
from different regions of Serbia exhibited superior antibacterial potential against Escherichia
coli compared to Staphylococcus aureus. The reason for the existence of such differences can
be attributed to floral origin diversity and countries of origin.

The antibacterial potential of linden honey could be related to methyl syringate, which
was found to be the most abundant component besides lindenin in linden honey [51] and
known to act as an antibacterial agent [11].

Phacelia honey was previously established to exhibit the strongest antibacterial activity
against Staphylococcus aureus among the investigated honey types, giving and MIC average
value of 13.9%, while acacia and rapeseed honeys were weaker [52].

3.4. Antiproliferative Activity

Honey samples were evaluated in a broad range of concentrations from 0.15-50 mg/mL.
The most active samples were linden honey sample 1 (IC5oM = 7.46 + 1.18 mg/mL and
ICs0Hel2 = 12.4 4+ 2.00 mg/mL) and meadow sample 2 (IC50MCF7 = 12.0 4 0.57 mg/mL,
ICsoHet® = 16.9 4+ 1.54 mg/mL and ICs5"T~?° = 23.7 4 1.33 mg/mL) towards breast
(MCF?7), cervix (HeLa), and colon (HT-29) cancer cells. The most active samples, linden 1
and meadow 2 also affected the growth of MRC-5 cells derived from healthy lung tissue
with IC5oMRC=5 = 9.93 + 0.68 mg/mL and IC5)MR¢=5 = 12.9 4 0.34 mg/mL, respectively.
Colon carcinoma cell line HT-29 was the least sensitive to the evaluated samples. Stan-
dard (glucose) had lower and uniform cell growth effect with ICsj values ranging from
33-40 mg/mL towards all evaluated cell lines, indicating that active components in samples
other than sugars contributed to cell growth activity.

The antiproliferative activity of honey and honey-containing polyphenols on various
cancer cell lines was recognised by Jaganathan and Mandalin [53]. Despite the statement
that polyphenols have one of the crucial roles in the suppression of cancer cell growth [54],
our results indicate that other mechanisms/compounds contribute to this phenomenon.
Linden honey expressed the highest activity toward investigated cancer cell lines (Table 5)
even though its TPC was much lower compared to basil honey (Table 3), whose activity
in the suppression of cancel cell growth was not found (Table 5). These results can be
explained by the fact that different polyphenols do not contribute equally to cell growth
activity. Some phenolic acids like ellagic or gallic acid and the flavonoid kaempferol
have exquisite antiproliferative activity (ICsp = 2 pg/mL), while the activity of ferulic and
syringic acids and flavonoid rutin is mild [54].

Table 5. Effects of honey samples on the growth of selected human cell lines.

ICsp (mg/mL) *

Honey Type Hela MCF7 HT-29 MRC-5
Acacia 1 >508 >50 f >50¢ >50 f
Acacia 2 >50 8 >50 f 304 +595b >50 f
Linden 1 12.4 +2.00° 7.46 +1.182 433 +3.684 9.93 4+ 0.682
Linden 2 259 4+ 1.684 172 £524¢ 415+2364 19.8 +1.38°
Heather 1 24.04+ 1544 185+ 0.52°¢ 30.0 +249° 252+ 041°¢
Heather 2 >508 404 +8.75¢ 429 +1.364 >50 f

Rapeseed 1 >50 & 35.8 +10.1°¢ >50 ¢ >50 f
Rapeseed 2 >50 8 >50 f 423 +3.584 >50 f
Sunflower 24.8 +0.284 27.7 +£1.954 35.6 +2.68 ¢ 20.7 + 256 P
Phacelia >50 8 >50 f 36.7 £2.16°¢ >50 f
Basil >508 >50 f >50¢ >50 f
Anise 21.0 £ 0.56 € 147 £ 242° 284+ 6.64° 21.9 +2.58P
Sage 352 +750¢ 26.7 £0.204 343 +0.82¢ 45.0+231¢
Chestnut 403 +1.71f 25.6 +0.274 3724+ 0.86°¢ 348+ 0.894
Hawthorn >50 8 351+ 11.7¢ 49.0 + 0.06 ¢ 447 £2.28¢

Lavender 20.8 £ 2.66 ¢ 24542524 32.0+493P 17.3 +£053P
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Table 5. Cont.

Honey Type IC5p (mg/mL) *

HeLa MCF7 HT-29 MRC-5
Meadow 1 >508 49.0+071° 37.4+130¢ >50 f
Meadow 2 16.9 & 1.54 P 12.0 £ 0.57P 23.7 +£1.332 129 +0.342
Meadow 3 >508 >50 f >50¢ 40.3 +8.93¢
Standard
Glucose 40.0 +3.02f 332+ 557¢ 345+ 0.44° 39.8 +1.07¢

* Values represent means =+ SD of four (n = 4; test samples and standard) or eight (1 = 8, controls); measurements
obtained in 0.15-50 mg/mL concentration range. Means within each column with different letters differ signifi-
cantly (p < 0.05). HeLa—HeLa human cervical carcinoma cell line; MCF7—MCF7 human breast adenocarcinoma
cell line; HT-29—HT-29 human colorectal adenocarcinoma cell line; MRC-5—MRC-5 human lung cell line.

Also, chestnut honey exhibited slight activity in the case of breast cancer cells with no
effects on other examined lines (Table 5), although its TPC was relatively high (Table 3).
Contrarily, chestnut honey from Anatolia was nominated as a powerful source of pheno-
lic content, which is compatible with its cytotoxic affectivity towards breast cancer cell
lines [55]. Therefore, more detailed polyphenolic profile investigation will be needed to
correlate antiproliferative activities and polyphenol contents.

3.5. Principal Component Analysis

Principal component analysis (PCA) distinctively separated (PCA = 74.20%) samples
with high antiproliferative activity (third quadrant) from those with low antiproliferative
and low antioxidant activity (both samples of acacia and rapeseed honey, hawthorn and
meadow sample 3) (Figure 1).

P — e ™
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Figure 1. Principal component analysis (PCA) of physicochemical parameters and antioxidant and
antiproliferative activities based on component correlations for the honey samples from the Western
Balkans.

It is interesting that samples with high antiproliferative activity showed moderate
antioxidant activity and possess moderate total phenolic content. A similar finding that
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antioxidant activity was not always correlated with the antiproliferative activity was
reported in other studies [56,57].

4. Conclusions

The physicochemical characterisation and evaluation of antioxidative, antibacterial
and antiproliferative effects were conducted for nineteen samples of different honey types
(acacia, linden, heather, sunflower, phacelia, basil, anise, sage, chestnut, hawthorn, lavender
and meadow) collected from different locations in the Republic of Serbia, Kosovo and
Bosnia and Herzegovina, and Northern Macedonia.

Regarding the examined physicochemical parameters (moisture, pH, electrical con-
ductivity, free acidity and HMF), all the samples were compliant with the levels defined by
EU regulations with the exception of the electrical conductivity of heather and chestnut
honey, whose conductivity values were above 0.8 mS/cm.

The highest phenolic content was found in basil honey (101 + 2.72 mg GAE/100 g)
and the lowest was registered in rapeseed honey (11.5 £+ 0.70 mg GAE/100 g). DPPH
scavenging activity was the highest for lavender honey (IC59 = 88.2 £ 2.11 mg/mL) and
the lowest for rapeseed honey (ICsp = 646 = 8.72 mg/mL).

Linden honey from Fruska Gora (MIC values of 3.12% and 6.25% against Staphylococcus
aureus and Staphylococcus epidermidis, respectively) and phacelia honey (MIC values of 6.25%
and 3.12% against Staphylococcus aureus and Staphylococcus epidermidis, respectively) showed
the strongest antibacterial activity among the examined bacterial strains.

The highest antiproliferative activity was obtained by linden honey from Fruska
Gora (IC50M Y7 = 7.46 + 1.18 mg/mL and ICspH¢M =12.4 + 2.00 mg/mL) and meadow
honey sample 2 (IC5oM“F” = 12.0 4 0.57 mg/mL, IC5oHe? = 16.9 4+ 1.54 mg/mL and
IC50HT-2% =237 4 1.33 mg/mL) towards breast (MCF?), cervix (HeLa) and colon (HT-29)
cancer cells. The majority of honey samples had the most pronounced and selective action
towards breast cancer cells (MCF7), with comparable or lower activity towards cells derived
from healthy tissue (MRC-5). Active components other than sugars contributed to cell
growth activity.

The investigated honey samples varied in antioxidative, antibacterial, and antiprolifer-
ative properties due to botanical and geographical variations. The influence of geographical
origin is especially noticeable in the case of linden honey (samples 1 and 2) and meadow
honey (samples 2 and 3). The flora of the region from which the honey samples were
collected significantly contributed to the increased potency of the linden honey from Fruska
Gora (sample 1) and the meadow honey from Kosovo (sample 2) in terms of the investigated
parameters than the same honey type from another region.

Author Contributions: Conceptualization, P.J. and M.S.; methodology, PJ., AM., D.C.-S., AN., D.P.
and RK; software, PJ. and D.S.; validation, PJ., M.S. and D.C.-S.; writing—original draft preparation,
PJ,MS., D.C.-S, AN.and DS; writing—review and editing, M.S., D.S. and A.N.; visualization,
PJ. and A.M.; supervision, M.S.; project administration, M.S.; funding acquisition, P.J. and M.S. All
authors have read and agreed to the published version of the manuscript.

Funding: This work was financially supported by the Ministry of Education, Science and Technologi-
cal Development, Republic of Serbia (Contract No. 451-03-68 /2022-14/200222).

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Data is contained within the article.

Conflicts of Interest: The authors declare no conflict of interest.



Antioxidants 2022, 11, 1120 12 of 14

References

1.  Da Silva, PM.; Gauche, C.; Gonzaga, L.V.; Costa, A.C.; Fett, R. Honey: Chemical composition, stability and authenticity. Food
Chem. 2016, 196, 309-323. [CrossRef] [PubMed]

2. Saka¢, M.B.; Jovanov, P.T; Mari¢, A.Z.; Pezo, L.L.; Kevresan, Z.S.; Novakovi¢, A.R.; Nedeljkovi¢, N.M. Physicochemical properties
and mineral content of honey samples from Vojvodina (Republic of Serbia). Food Chem. 2019, 276, 15-21. [CrossRef] [PubMed]

3. Estevinho, L.; Pereira, A.P; Moreira, L.; Dias, L.G.; Pereira, E. Antioxidant and antimicrobial effects of phenolic compounds
extracts of Northeast Portugal honey. Food Chem. Toxicol. 2008, 46, 3774-3779. [CrossRef] [PubMed]

4. Trautvetter, S.; Koeling-Speer, I.; Speer, K. Confirmation of phenolic acids and flavonoids in honeys by UPLC-MS. Apidologie 2009,
40, 140-150. [CrossRef]

5. Hegazi, A.; Al Tahtawi, RH.M.; Abd-Allah, E; Abdou, A.M. Antitumor and antioxidant activity of honey in mice bearing Ehrlich
Ascite carcinoma. Acad. J. Cancer Res. 2014, 7, 208-214. [CrossRef]

6. Hossen, M.S.; Ali, M.Y,; Jahurul, M.H.A.; Abdel-Daim, M.M.; Hua Gan, S.; Khalil, M.I. Beneficial roles of honey polyphenols
against some human degenerative diseases: A review. Pharmacol. Rep. 2017, 69, 1194-1205. [CrossRef]

7. Alvarez-Suarez, ]. M.; Giampieri, F.; Battino, M. Honey as a source of dietary antioxidants: Structures, bioavailability and evidence
of protective effects against human chronic diseases. Curr. Med. Chem. 2013, 20, 621-638. [CrossRef]

8.  Bose, B. Honey or sugar in treatment of infected wounds? Lancet 1982, 319, 963. [CrossRef]

9. Deng,J,;Liu, R.; Lu, Q; Hao, P; Xu, A.; Zhang, J.; Tan, J. Biochemical properties, antibacterial and cellular antioxidant activities of
buckwheat honey in comparison to manuka honey. Food Chem. 2018, 252, 243-249. [CrossRef]

10. Russell, K.M.; Molan, P.C.; Wilkins, A.L.; Holland, P.T. Identification of some antibacterial constituents of New Zealand manuka
honey. J. Agric. Food Chem. 1990, 38, 10-13. [CrossRef]

11.  Almasaudi, S.B.; Al-Nahari, A.A.M.; Abd El-Ghany, E.5.M.; Barbour, E.; Al Muhayawi, S.M.; Al-Jaouni, S.; Azhar, E.; Qari,
M.; Qari, Y.A.; Harakeh, S. Antimicrobial effect of different types of honey on Staphylococcus aureus. Saudi J. Biol. Sci. 2017, 24,
1255-1261. [CrossRef] [PubMed]

12.  Badolato, M.; Carullo, G.; Cione, E.; Aiello, F.; Caroleo, M.C. From the hive: Honey, a novel weapon against cancer. Eur. J. Med.
Chem. 2017, 142, 290-299. [CrossRef] [PubMed]

13. Salleh, M.A.M.; Eshak, Z.; Ismail, W.LW. Acacia honey induces apoptosis in human breast adenocarcinoma cell lines (MCF-7). J.
Teknol. 2017, 79, 9-16.

14. Moskwa, J.; Borawska, M.H.; Markiewicz-Zukowska, R.; Puscion-Jakubik, A.; Naliwajko, S.K.; Socha, K.; Soroczynska, J. Polish
natural bee honeys are anti-proliferative and anti-metastatic agents in human glioblastoma multiforme U87MG cell line. PLoS
ONE 2014, 9, €90533. [CrossRef] [PubMed]

15. Premratanachai, P.; Chanchao, C. Review of anticancer activities of bee products. Asian Pac. |. Trop. Biomed. 2014, 4, 337-344.
[CrossRef] [PubMed]

16. Lazarevi¢, K.B.; Andri¢, E,; Trifkovig, J.; Te$i¢, 7. Milojkovié-Opsenica, D. Characterisation of Serbian unifloral honeys according
to their physicochemical parameters. Food Chem. 2012, 132, 2060—-2064. [CrossRef]

17.  Dogo Mracevi¢, S.; Krsti¢, M.; Loli¢, A.; RaZi¢, S. Comparative study of the chemical composition and biological potential of
honey from different regions in Serbia. Microchem. |. 2020, 152, 104420. [CrossRef]

18.  Codex Standard 12-1981; Revised Codex Standards for Honey. Codex Alimentarius Commission: Italy, Rome, 2019.

19.  Association of Official Analytical Chemists. Official Methods of Analysis of the AOAC, 17th ed.; Association of Official Analytical
Chemists: Gaithersburg, MD, USA, 2000.

20. Bogdanov, S. Harmonised Methods of the International Honey Commission, Bern, Switzerland. 2009. Available online: http:
/ /www.ihc-platform.net/publications.html (accessed on 26 January 2022).

21. Rufian-Henares, J.A.; de la Cueva, S.P. Assessment of hydroxymethylfurfural intake in the Spanish diet. Food Addit. Contam. A
2008, 25, 1306-1312. [CrossRef]

22. Petisca, C.; Henriques, A.R.; Pérez-Palacios, T.; Pinho, O.; Ferreira, LM.P.L.V.O. Assessment of hydroxymethylfurfural and
furfural in commercial bakery products. J. Food Compos. Anal. 2014, 33, 20-25. [CrossRef]

23.  Ariffin, A.A.; Ghazali, HM.; Kavousi, P. Validation of a HPLC method for determination of hydroxymethylfurfural in crude palm
oil. Food Chem. 2014, 154, 102-107. [CrossRef]

24. Tomasini, D.; Sampaio, M.R.F; Caldas, S.S.; Buffon, J.G.; Duarte, F.A.; Primel, E.G. Simultaneous determination of pesticides and
5-hydroxymethylfurfural in honey by the modified QUEChERS method and liquid chromatography coupled to tandem mass
spectrometry. Talanta 2012, 99, 380-386. [CrossRef] [PubMed]

25. Ferreira, .C.ER,; Aires, E.; Barreira, ].C.M.; Estevinho, L.M. Antioxidant activity of Portuguese honey samples: Different
contributions of the entire honey and phenolic extract. Food Chem. 2009, 114, 1438-1443. [CrossRef]

26. Hatano, T.; Kagawa, H.; Yasuhara, T.; Okuda, T. Two new flavonoids and other constituents in licorice root: Their relative
astringency and radical scavenging effects. Chem. Pharm. Bull. 1988, 36, 2090-2097. [CrossRef] [PubMed]

27. Szweda, P. Antimicrobial activity of honey. Honey Anal. 2017, 1, 215-232. [CrossRef]

28. Skehan, P; Storeng, R.; Scudiero, D.; Monks, A.; McMahon, J.; Vistica, D.; Warren, ].T.; Bokesch, H.; Kenney, S.; Boyd, M.R. New
colorimetric cytotoxicity assay for anticancer-drug screening. J. Natl. Cancer Inst. 1990, 82, 1107-1112. [CrossRef]

29. Cetojevic-Simin, D.D.; Bogdanovic, G.M.; Cvetkovic, D.D.; Velicanski, A.S. Antiproliferative and antimicrobial activity of

traditional Kombucha and Satureja montana L. Kombucha. ]. BUON 2008, 13, 395-401.


http://doi.org/10.1016/j.foodchem.2015.09.051
http://www.ncbi.nlm.nih.gov/pubmed/26593496
http://doi.org/10.1016/j.foodchem.2018.09.149
http://www.ncbi.nlm.nih.gov/pubmed/30409578
http://doi.org/10.1016/j.fct.2008.09.062
http://www.ncbi.nlm.nih.gov/pubmed/18940227
http://doi.org/10.1051/apido/2008072
http://doi.org/10.5829/idosi.ajcr.2014.7.3.84159
http://doi.org/10.1016/j.pharep.2017.07.002
http://doi.org/10.2174/092986713804999358
http://doi.org/10.1016/S0140-6736(82)91959-6
http://doi.org/10.1016/j.foodchem.2018.01.115
http://doi.org/10.1021/jf00091a002
http://doi.org/10.1016/j.sjbs.2016.08.007
http://www.ncbi.nlm.nih.gov/pubmed/28855819
http://doi.org/10.1016/j.ejmech.2017.07.064
http://www.ncbi.nlm.nih.gov/pubmed/28797675
http://doi.org/10.1371/journal.pone.0090533
http://www.ncbi.nlm.nih.gov/pubmed/24594866
http://doi.org/10.12980/APJTB.4.2014C1262
http://www.ncbi.nlm.nih.gov/pubmed/25182716
http://doi.org/10.1016/j.foodchem.2011.12.048
http://doi.org/10.1016/j.microc.2019.104420
http://www.ihc-platform.net/publications.html
http://www.ihc-platform.net/publications.html
http://doi.org/10.1080/02652030802163406
http://doi.org/10.1016/j.jfca.2013.10.004
http://doi.org/10.1016/j.foodchem.2013.12.082
http://doi.org/10.1016/j.talanta.2012.05.068
http://www.ncbi.nlm.nih.gov/pubmed/22967568
http://doi.org/10.1016/j.foodchem.2008.11.028
http://doi.org/10.1248/cpb.36.2090
http://www.ncbi.nlm.nih.gov/pubmed/3240445
http://doi.org/10.5772/67117
http://doi.org/10.1093/jnci/82.13.1107

Antioxidants 2022, 11, 1120 13 of 14

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Karabagias, 1.K.; Vavoura, M.V.; Nikolaou, C.; Badeka, A.V.; Kontakos, S.; Kontominas, M.G. Floral authentication of Greek
unifloral honeys based on the combination of phenolic compounds, physicochemical parameters and chemometrics. Food Res. Int.
2014, 62, 753-760. [CrossRef]

Alves, A.; Ramos, A.; Gongalves, M.M.; Bernardo, M.; Mendes, B. Antioxidant activity, quality parameters and mineral content of
Portuguese monofloral honeys. J. Food Compos. Anal. 2013, 30, 130-138. [CrossRef]

Gomes, S.; Dias, L.G.; Moreira, L.L.; Rodrigues, P; Estevinho, L. Physicochemical, microbiological and antimicrobial properties of
commercial honeys from Portugal. Food Chem. Toxicol. 2010, 48, 544-548. [CrossRef]

Terrab, A.; Diez, M.].; Heredia, EJ. Characterization of Moroccan unifloral honeys by their physicochemical characteristics. Food
Chem. 2002, 79, 373-379. [CrossRef]

Can, Z.; Yildiz, O.; Sahin, H.; Turumtay, E.A.; Silici, S.; Kolayli, S. An investigation of Turkish honeys: Their physicochemical
properties, antioxidant capacities and phenolic profiles. Food Chem. 2015, 180, 133-141. [CrossRef] [PubMed]

Algarni, A.S.; Owayss, A.A.; Mahmoud, A.A. Physicochemical characteristics, total phenols and pigments of national and
international honeys in Saudi Arabia. Arab. . Chem. 2016, 9, 114-120. [CrossRef]

Ghidotti, M.; Fiamegos, Y.; Dumitrascu, C.; de la Calle, M.B. Use of elemental profiles to verify geographical origin and botanical
variety of Spanish honeys with a protected denomination of origin. Food Chem. 2021, 324, 128350. [CrossRef]

Cornara, L.; Biagi, M.; Xiao, J.; Burlando, B. Therapeutic properties of bioactive compounds from different honeybee products.
Front. Pharmacol. 2017, 8, 412. [CrossRef] [PubMed]

Liu, J.-R;; Ye, J.-L.; Lin, T.-Y,; Wang, Y.-W.; Peng, C.-C. Effect of floral sources on the antioxidant, antimicrobial, and anti-
inflammatory activities of honeys in Taiwan. Food Chem. 2013, 139, 938-943. [CrossRef] [PubMed]

Marié, A.; Jovanov, P,; Saka¢, M.; Novakovi¢, A.; Hadnadev, M.; Pezo, L.; Mandié, A.; Mili¢evié, N.; Purovié, A.; Gadzuri¢, S. A
comprehensive study of parameters correlated with honey health benefits. RSC Adv. 2021, 11, 12434-12441. [CrossRef] [PubMed]
Giil, A.; Pehlivan, T. Antioxidant activities of some monofloral honey types produced across Turkey. Saudi J. Biol. Sci. 2018, 25,
1056-1065. [CrossRef]

Kaygusuz, H.; Tezcan, E; Erim, EB,; Yildiz, O.; Sahin, H.; Can, H.; Kolayli, S. Characterization of Anatolian honeys based on
minerals, bioactive components and principal component analysis. LWT-Food Sci. Technol. 2016, 68, 273-279. [CrossRef]

Kus$, PM.; Congiu, F; Teper, D.; Sroka, Z.; Jerkovi¢, I.; Tuberoso, C.1.G. Antioxidant activity, color characteristics, total phenol
content and general HPLC fingerprints of six Polish unifloral honey types. LWT-Food Sci. Technol. 2014, 55, 124-130. [CrossRef]
Piljac—Zegarac, J.; Stipcevi¢, T.; Belscak, A. Antioxidant properties and phenolic content of different floral origin honeys. J. ApiProd.
ApiMed. Sci. 2009, 1, 43-50. [CrossRef]

Wilczynska, A. Effect of filtration on colour, antioxidant activity and total phenolics in honey. LWT-Food Sci. Technol. 2014, 57,
767-774. [CrossRef]

Giines, M.E,; Sahin, S.; Demir, C.; Borum, E.; Tosunoglu, A. Determination of phenolic compounds profile in chestnut and floral
honeys and their antioxidant and antimicrobial activities. J. Food Biochem. 2017, 41, e12345. [CrossRef]

Leyva-Jimenez, FJ.; Lozano-Sanchez, J.; Borras-Linares, I.; de la Luz Cadiz-Gurrea, M.; Mahmoodi-Khaledi, E. Potential
antimicrobial activity of honey phenolic compounds against Gram positive and Gram negative bacteria. LWT-Food Sci. Technol. 2019,
101, 236-245. [CrossRef]

Farkasovska, J.; Bugarova, V.; Godocikova, J.; Majtan, V.; Majtan, ]. The role of hydrogen peroxide in the antibacterial activity of
different floral honeys. Eur. Food Res. Technol. 2019, 245, 2739-2744. [CrossRef]

Matzen, R.D.; Zinck Leth-Espensen, J.; Jansson, T.; Nielsen, D.S.; Lund, M.N.; Matzen, S. The antibacterial effect in vitro of honey
derived from various Danish flora. Dermatol. Res. Pract. 2018, 2018, 7021713. [CrossRef]

Junie, L.M.; Vica, M.L.; Glevitzky, M.; Matei, H.V. Physico-chemical characterization and antibacterial activity of different types of
honey tested on strains isolated from hospitalized patients. J. Apic. Sci. 2016, 60, 5-17. [CrossRef]

Nemo, R.; Bacha, K. Microbial quality, physicochemical characteristics, proximate analysis, and antimicrobial activities of honey
from Anfilo district. Food Biosci. 2021, 42, 101132. [CrossRef]

Qiao, J.; Chen, L.; Kong, L.; Dong, J.; Zhou, Z.; Zhang, H. Characteristic components and authenticity evaluation of rape, acacia,
and linden honey. J. Agric. Food Chem. 2020, 68, 9776-9788. [CrossRef]

Bucekova, M.; Jardekova, L.; Juricova, V.; Bugarova, V.; Di Marco, G.; Gismondi, A.; Leonardi, D.; Farkasovska, J.; Godocikova, J.;
Laho, M; et al. Antibacterial activity of different blossom honeys: New findings. Molecules 2019, 24, 1573. [CrossRef]
Jaganathan, S.K.; Mandal, M. Antiproliferative effects of honey and of its polyphenols: A review. . Biomed. Res. Int. 2009, 2009,
830616. [CrossRef]

Cetojevié—Simin, D. Tumor cell growth activity of fruit and pomace extracts. In Fruit and Pomace Extracts: Biological Activity,
Potential Applications and Beneficial Health Effects; Nova Science Publishers: Hauppauge, NY, USA, 2015; pp. 241-253.

Seyhan, M.F,; Yilmaz, E.; Timirci-Kahraman, 0; Saygili, N.; Kisakesen, H.I; Eronat, A.P; Ceviz, A.B,; Bilgi¢ Gazioglu, S.;
Yilmaz-Aydogan, H.; Oztiirk, O. Anatolian honey is not only sweet but can also protect from breast cancer: Elixir for women
from artemis to present. IUBMB Life 2017, 69, 677-688. [CrossRef] [PubMed]

Boumendjel, A.; Boccard, J.; Carrupt, P.A.; Nicolle, E.; Blanc, M.; Geze, A.; Choisnard, L.; Wouessidjewe, D.; Matera, E.L.;
Dumontet, C. Antimitotic and antiproliferative activities of chalcones: Forward structure-activity relationship. J. Med. Chem. 2008,
51, 2307-2310. [CrossRef] [PubMed]


http://doi.org/10.1016/j.foodres.2014.04.015
http://doi.org/10.1016/j.jfca.2013.02.009
http://doi.org/10.1016/j.fct.2009.11.029
http://doi.org/10.1016/S0308-8146(02)00189-9
http://doi.org/10.1016/j.foodchem.2015.02.024
http://www.ncbi.nlm.nih.gov/pubmed/25766810
http://doi.org/10.1016/j.arabjc.2012.11.013
http://doi.org/10.1016/j.foodchem.2020.128350
http://doi.org/10.3389/fphar.2017.00412
http://www.ncbi.nlm.nih.gov/pubmed/28701955
http://doi.org/10.1016/j.foodchem.2013.02.015
http://www.ncbi.nlm.nih.gov/pubmed/23561193
http://doi.org/10.1039/D0RA10887A
http://www.ncbi.nlm.nih.gov/pubmed/35423727
http://doi.org/10.1016/j.sjbs.2018.02.011
http://doi.org/10.1016/j.lwt.2015.12.005
http://doi.org/10.1016/j.lwt.2013.09.016
http://doi.org/10.3896/IBRA.4.01.2.04
http://doi.org/10.1016/j.lwt.2014.01.034
http://doi.org/10.1111/jfbc.12345
http://doi.org/10.1016/j.lwt.2018.11.015
http://doi.org/10.1007/s00217-019-03393-y
http://doi.org/10.1155/2018/7021713
http://doi.org/10.1515/jas-2016-0013
http://doi.org/10.1016/j.fbio.2021.101132
http://doi.org/10.1021/acs.jafc.0c05070
http://doi.org/10.3390/molecules24081573
http://doi.org/10.1155/2009/830616
http://doi.org/10.1002/iub.1652
http://www.ncbi.nlm.nih.gov/pubmed/28695656
http://doi.org/10.1021/jm0708331
http://www.ncbi.nlm.nih.gov/pubmed/18293907

Antioxidants 2022, 11, 1120 14 of 14

57. Gorinstein, S.; Park, Y.S.; Heo, B.G.; Namiesnik, ].; Leontowicz, H.; Leontowicz, M.; Ham, K.S.; Cho, ].Y,; Kang, S.G. A comparative
study of phenolic compounds and antioxidant and antiproliferative activities in frequently consumed raw vegetables. Eur. Food
Res. Technol. 2009, 228, 903-911. [CrossRef]


http://doi.org/10.1007/s00217-008-1003-y

	Introduction 
	Material and Methods 
	Honey Samples 
	Physicochemical Parameters 
	Hydroxymethylfurfural (HMF) Analysis 
	Total Phenolic Content 
	DPPH Radical Scavenging Activity 
	Antibacterial Activity 
	Antiproliferative Activity 
	Statistical Analyses 

	Results and Discussion 
	Physicochemical Characterisation of Honey 
	Antioxidative Potential of Honey 
	Antibacterial Activity 
	Antiproliferative Activity 
	Principal Component Analysis 

	Conclusions 
	References

