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Abstract: This paper examines the physicochemical characteristics, as well as the antioxidant, 

antibacterial, and antiproliferative effects, of several honey types that are commercially available 

but not typical of Serbia. The analysis included moisture, pH, electrical conductivity, free acidity, 

and hydroxymethylfurfural (HMF). All tested honey samples met EU regulatory standards. The 

antioxidant activity was assessed by measuring total phenolic content (TPC) and scavenging 

activity on diphenylpicrylhydrazyl radicals (DPPH
•
). Forest honey exhibited the highest TPC level 

(30.6 ± 1.63 mg GAE/100 g), while buckwheat honey had the lowest (14.4 ± 0.75 mg GAE/100 g). 

This was consistent with the scavenging activity on DPPH
•
, which was the highest in manuka 

honey and lowest in buckwheat honey. Antibacterial activity was evaluated using microdilution 

test and minimal inhibitory concentration (MIC) measurements. Manuka honey demonstrated the 

strongest antibacterial effects against Staphylococcus aureus and S. epidermidis, with a MIC of 

6.25% for both strains. Buckwheat honey also showed notable antibacterial activity against these 

strains. In terms of antiproliferative activity, manuka honey was the most effective among the 

tested honey types, with IC50 values of 21.9 ± 2.05 mg/mL for cervix cancer cells (HeLa) and 32.5 

± 3.69 mg/mL for MRC-5 cells derived from healthy lung tissue. 
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INTRODUCTION 

Honey is a natural sweetener made by honey-

bees, and it has been used for both culinary 

and medicinal purposes throughout history. Its 

nutritional profile is influenced by its main 

components – carbohydrates and water, as well 

as a variety of minor compounds including or-

ganic acids, proteins, amino acids, minerals, 

vitamins, and others (da Silva, Gauche, Gon-

zaga & Costa, 2016). The specific content of 

these components can vary based on factors 

such as the type of nectar collected, the se-

cretions from flowering plants or excretions of 

plant-sucking insects, and the conditions of the 

local climate and soil. 

Honey is valued not only for its dietary 

benefits but primarily for its health-promoting 

properties, largely attributed to its antioxidant 

content. The antioxidant benefits of honey are 

mainly credited to its phenolic compounds 
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rather than to ascorbic acid, carotenoids, or-

ganic acids, Maillard reaction products, amino 

acids, or proteins (Estevinho, Pereira, Moreira, 

Dias & Pereira, 2008). These antioxidant pro-

perties can vary depending on the botanical 

source of the nectar and the geographical ori-

gin of the honey (Sakač et al., 2019). 

The main polyphenols in honey are phenolic 

acids and flavonoids, which have beneficial ef-

fects against some human degenerative di-

seases, as listed in the paper of Hossen et al. 

(2017). For example, buckwheat-specific fla-

vonoids, such as hesperetin and rutin, con-

tribute to the antibacterial activity of buck-

wheat honey (Dżugan et al., 2020). Also, the 

presence of some phytochemicals, i.e., flavo-

noids, phenolic acids, and 1,2-dicarbonyl com-

pounds, is linked to Manuka honey health be-

nefits, implying wound healing, anticancer, an-

tioxidant, and anti-inflammatory effects (Al-

varez-Suarez, Gasparrini, Forbes-Hernández, 

Mazzoni & Giampieri, 2014; El-Senduny, 

Hegazi, Abd Elghani & Farag, 2021).  

Although honey’s therapeutic properties signi-

ficantly rely on its antioxidant nature, they also 

include other mechanisms and compounds that 

might be very effective in antibacterial, bacte-

riostatic, antifungal, antiinflammatory, anti-

glycemic, antimutagenic, and other honey acti-

vities (Alvarez-Suarez, Giampieri  & Battino, 

2013). 

Honey's antibacterial agents destroy bacterial 

cells through different mechanisms and inhibit 

biofilm formation and quorum-sensing acti-

vities. Furthermore, honey's microflora se-

cretes antibacterial agents to fight pathogenic 

microorganisms (Khataybeh, Jaradat & Abab-

neh, 2023). Antibacterial nature of honey is 

mostly attributed to 1) the high osmolarity and 

acidity of honey (Kwakman et al., 2010); 2) 

hydrogen peroxide, which is generated by glu-

cose oxidase-mediated conversion of glucose 

in honey (Deng et al., 2018); 3) methylglyoxal 

(Schmidt, Eichelberger & Rohm, 2021); 4) bee 

defensin-1, a type of antimicrobial bee-derived 

peptide (Kwakman et al., 2010); and 5) phe-

nolic compounds (Almasaudi, 2021). 

Many studies highlight honey's anticancer po-

tential, showing that honey has a chemopre-

ventive effect against various cancer cell lines 

and tissues in both in vitro and in vivo models. 

This activity is attributed to several mecha-

nisms, including cell cycle arrest, apoptosis in-

duction, modulation of oxidative stress, and 

immunomodulation (Premratanachai & Chan-

chao, 2014). According to Fernandez-Cabe-

zudo et al. (2013), Manuka honey exhibited 

several anti-tumour effects and inhibited the 

growth of several cancer cell lines by ap-

proximately 33%. Buckwheat honey also de-

monstrated an in vitro antiproliferative effect 

(Moskwa et al., 2014). In the study of Sakač et 

al. (2022), a range of honey types collected 

from the Western Balkans region were proven 

to exhibit antiproliferative activity towards 

breast (MCF7), cervix (HeLa), and colon (HT-

29) cancer cells. The highest antiproliferative 

activity was obtained by linden honey from 

Fruška gora (Serbia). The mentioned study 

offered results that were reasonable to compare 

with other honey types not characteristic of 

Serbia but commercially available, and some 

of them are known as very therapeutically 

potent. 

MATERIALS AND METHODS 

Collection of honey samples 

Six honey samples (mustard, manuka, forest, 

buckwheat, raspberry, and basil) were pur-

chased from a local health food store, BioUna, 

in Novi Sad (Vojvodina, Serbia). The samples 

were stored at room temperature in a dark 

place until analyses. 

Physicochemical parameters 

The physicochemical parameters of honey 

samples (moisture, pH, electrical conductivity, 

and free acidity) were determined according to 

the methods of AOAC (2000) and the Harmo-

nised Methods of the International Honey 

Commission (Bogdanov, 2009). 

Hydroxymethylfurfural (HMF) analysis 

The extraction procedure was described by 

Sakač et al. (2022) based on the method of 

Rufián-Henares and de la Cueva (2008) with 

some modifications (Petisca, Henriques, Pérez-

Palacios, Pinho & Ferreira, 2014). HPLC ana-

lysis for determination of HMF was done using 

a liquid chromatograph (Agilent 1200 series, 

Agilent Technologies Santa Clara, CA, USA) 

with a DAD detector and an Eclipse XDB-

C18, 1.8 μm, 4.6 × 50 mm column (Agilent) 

according to the method described by Ariffin, 

Ghazali and Kavousi (2014) and Tomasini et 

al. (2012). The column temperature was 30 °C 

and the injection volume was 2 μL. The mobile 

phase consisted of two eluents, H2O (0.1% 
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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 minutes. 

Total phenolic content 

The method described by Ferreira, Aires, 

Barreira and Estevinho (2009) was used to de-

termine total phenolic content (TPC) with 

some modifications. Honey sample (1 g) was 

dissolved in 20 mL of distilled H2O. The 

solution (8 mL) was mixed with 0.5 mL of 

Folin-Ciocalteu reagent. After 3 minutes, 

1.5 mL of 25% sodium carbonate was added to 

the mixture. The solution was vortexed and left 

to stand in a dark place at 25 °C for 2 hours. 

The absorbance of the reaction mixture was 

mea-sured at a wavelength of 750 nm relative 

to the blank sample (Shimazu, UV-1800, 

Kyoto, Japan). Gallic acid (1.25–31.25 

mg/mL) was used as the standard for 

constructing the cali-bration curve, and the 

TPC was expressed as gallic acid equivalents 

(GAE) (mg GAE/100 g of honey). 

DPPH radical scavenging activity 

The scavenging activity on 1,1-diphenyl-2-pi-

crylhydrazyl radicals (DPPH
•
) was determined 

according to the method described by Hatano, 

Kagawa, Yasuhara and Okuda (1988). The ho-

ney sample (2 g) was dissolved in 10 mL of 

distilled water, then centrifuged at 3000 × g 

and filtered. Then, 0.1 mL of each honey 

solution at various concentrations (25.0, 50.0, 

100, 200, 400, and 800 mg/mL) was diluted in 

2.9 mL of methanol. To each mixture, 1 mL of 

a 90 μmol/L methanol solution of DPPH was 

added. The control was prepared with distilled 

water instead of honey solution. The reaction 

mixtures were vortexed and allowed to stand in 

the dark at 22 ± 1 °C for 1 hour. Absorbance 

was measured at 517 nm using a spectro-

photometer (Shimazu, UV-1800, Kyoto, Ja-

pan). The scavenging activity was expressed as 

IC50 value (half maximal inhibitory concen-

tration). The IC50 value (mg/mL) was deter-

mined as the concentration of the antioxidant 

needed to reduce 50% of the initial amount of 

DPPH
•
. 

Antibacterial activity 

Honey solutions were prepared by dissolving 

honey in sterile distilled water just before ana-

lysis in a series of dilutions (25.0%, 12.5%, 

6.25%, 3.125%, 1.56%, and 0.75%). The anti-

bacterial activity was assessed against various 

bacteria, including gram-negative strains 

(Escherichia coli ATCC 8739, Escherichia 

coli I (clinical strain), and Proteus mirabilis 

(clinical strain)) and gram-positive strains 

(Staphylococcus aureus ATCC 25923, Sta-

phylococcus epidermidis (clinical strain), and 

Enterococcus faecalis ATCC 29212).  

The minimal inhibitory concentration (MIC) 

was determined using a modified microdilution 

method (Szweda, 2017). Bacterial strains were 

subcultured on nutrient agar slants at 37 °C for 

24 hours, and the suspensions of the tested 

strains were adjusted to the McFarland 0.5 

standard (approximately 1.5 × 10
8
 CFU/mL). 

MIC was assessed by adding 10 μL of a 1% 

solution of 2,3,5-triphenyl tetrazolium chloride 

to the wells and incubating at 37 °C for 2 

hours. The MIC was identified as the lowest 

concentration of honey that prevented bacterial 

growth, indicated by the absence of red for-

mazan colour development.  

In vitro antiproliferative activity – MTT test 

Human solid tumor cell lines were used to eva-

luate the antiproliferative effects of tested ho-

ney types. The cell lines included estrogen re-

ceptor-positive (ER+) human breast adeno-

carcinoma cell line MCF-7 (ATCC HTB22), 

human colorectal adenocarcinoma cell line 

HT-29 (ATCC HTB38), human cervical car-

cinoma cell line HeLa (ATCC CCL2), and 

normal fetal lung fibroblasts MRC-5 (ATCC 

CCL 171). 

Cells were cultured in Dulbecco’s modified 

Eagle’s medium (DMEM, PAA Laboratories 

GmbH, Pashing, Austria) with 4.5% glucose, 

supplemented with 10% fetal calf serum (FCS, 

Sigma), antibiotics, and antimycotics (Sigma). 

They were cultured in 25 mL flasks (Costar
®
) 

at 37 °C in a 100% humidified at-mosphere 

with 5% CO2 (Heraeus). Exponen-tially 

growing viable cells were used for as-says. 

Antiproliferative activity was assessed using 

the MTT (3-(4,5-dimethylthiazolyl-2)-2,5-di-

phenyltetrazolium bromide) assay in microwell 

plates (Mosmann, 1983). This assay measures 

mitochondrial dehydrogenase activity in viable 

cells by converting MTT into formazan. Cells 

were harvested, counted using trypan blue, and 

seeded into 96-well plates (Costar
®
) at a den-

sity of 5 × 103 cells per well to ensure loga-

rithmic growth. After pre-incubation in com-



Marijana B. Sakač  et al., Therapeutic properties of some specific honey types,  

Food and Feed Research, 00 (0), 00-00, 0000. 

plete medium at 37 °C for 24 hours, honey 

samples were added at five concentrations ran-

ging from 0.5 to 100 mg/mL (10 µL per well). 

The control was without samples. The incu-

bation lasted 48 h. Three hours before the end 

of incubation, 10 µL of MTT solution were 

added to all wells. MTT solution was prepared 

by dissolving MTT in the medium to obtain 

5 mg/mL. The solution was then filtered to ste-

rilize it and to remove any insoluble residue 

present in some batches of MTT. Acid-iso-

propanol (100 µL of 0.04 mol/L HCl in 

isopropanol) was added to all wells and mixed 

thoroughly to dissolve the dark blue crystals. 

After a few minutes at room temperature, 

absorbance was read at 540/690 nm using a 

spectrophotometer (Multiskan Ascent, Thermo 

Labsystems, USA). Blank wells contained only 

com-plete medium and MTT. 

Inhibition of growth was expressed as a per-

cent of the control, and the cytotoxicity was 

calculated according to the formula: 

(1 – Atest/Acontrol) x 100 

The IC50 value, defined as a dose of compound 

that inhibits the cell growth by 50% related to 

the control (untreated) cells, was determined 

for each tested compound by median effect 

analysis. 

Statistical analyses 

The data were processed statistically using the 

software package XLSTAT 2024 (Lumivero 

Denver, CO, USA). Results were expressed as 

mean ± standard deviation. Analysis of va-

riance (ANOVA) and Tukey's HSD test 

(α = 0.05) were used for comparison of 

samples means. 

RESULTS AND DISCUSSION 

Physicochemical parameters of honey 

Aiming to compare the results of the antioxi-

dant, antibacterial, and antiproliferative activi-

ties of different honey types characteristic of 

The Western Balkans region (Sakač et al., 

2022) with honey types available in health 

food stores in Serbia that are either not charac-

teristic of the region or are less frequently 

found in local markets, we examined six honey 

samples (mustard, manuka, forest, buckwheat, 

raspberry, and basil). 

Several indicators of honey quality (moisture 

content, electrical conductivity, pH, free aci-

dity, and HMF) were investigated, and the 

results are presented in Table 1. 

All of the investigated honey samples fulfilled 

the criteria for honey quality defined by the 

Codex Alimentarius Commission (2019). 
 

Table 1. 

Physicochemical parameters of different honey types 

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

Table 2.   
Phenolic content and DPPH radical scavenging activity of different honey types  

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

GAE – gallic acid equivalent 
 

Honey 

type 

Moisture 

(%) 
pH 

Electrical 

conductivity 

(S/cm) 

Free acidity 
(meq/kg) 

HMF 

(mg/kg) 

Mustard 19.6 ± 0.14
c
 4.51 ± 0.04

c
 463 ± 15.6

c
 22.7 ± 1.23

bc
 5.12 ± 0.04

b
 

Manuka 17.0 ± 0.23
a
 4.12 ± 0.02

b
 614 ± 7.07

d
 20.3 ± 0.30

ab
 9.39 ± 0.11

c
 

Forest 19.0 ± 0.06
bc

 5.23 ± 0.04
d
 1008 ± 19.5

e
 39.3 ± 0.46

d
 8.12 ± 0.75

c
 

Buckwheat 17.9 ± 0.28
ab

 3.50 ± 0.03
a
 308 ± 2.12

b
 17.3 ± 0.14

a
 2.46 ± 0.21

a
 

Raspberry 18.2 ± 0.61
ab

 3.63 ± 0.18
a
 394 ± 8.49

a
 39.2 ± 2.19

d
 5.55 ± 0.23

b
 

Basil 15.0 ± 0.28
d
 3.36 ± 0.03

a
 400 ± 9.19

a
 26.7 ± 1.41

c
 3.22 ± 0.09

a
 

Honey type 
Polyphenols 

(mg GAE/100 g) 

DPPH, IC50 

(mg/mL) 

Mustard  23.8 ± 1.17
a
 150 ± 3.03

b
 

Manuka 25.2 ± 0.87
ab

 127 ± 2.02
a
  

Forest  30.6 ± 1.63
b
 136 ± 2.42

a
 

Buckwheat 14.4 ± 0.75
c
 331 ± 4.41

d 
 

Raspberry 22.7 ± 1.16
a
 175 ± 3.42

c
 

Basil 26.2 ± 2.23
ab

 131 ± 2.40
a
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Forest honey exhibited a significantly higher 

value of electrical conductivity (1008 ± 

19.5 μS/cm), as expected, due to its known 

high mineral content (Sakač et al., 2019). This 

honey belongs to the dark honey types, which 

are typically characterized by higher 

conductivity levels (Alqarni, Owayss & 

Mahmoud, 2016). Conversely, although 

buckwheat honey is also classified as dark 

honey, it had the lowest conductivity value 

(308 ± 2.12 μS/cm), suggesting the possibility 

that it may not be genuine buckwheat honey. 

As HMF is a marker of honey freshness, 

whose amount of up to 10 mg/kg is naturally 

present in honey (Alqarni, Owayss & Mah-

moud, 2016), it can be concluded that all in-

vestigated honey types were considered fresh 

(Table 1). HMF content was measured in the 

range of 2.46 ± 0.21 mg/kg (buckwheat honey) 

to 9.39 ± 0.11 mg/kg (Manuka honey). 

Antioxidant potential of honey 

Examined honey types significantly differed 

(p ≤ 0.05) in TPCs (Table 2) as a consequence 

of different botanical and geographical origins 

(da Silva, Gauche, Gonzaga & Costa, 2016). 

Forest honey possessed the highest TPC level 

of 30.6 ± 1.63 mg GAE/100 g, comparable to 

previously measured TPCs in forest honey 

from the Serbian region (Marić et al., 2021). 

Forest honey turned out to be the most abun-

dant in polyphenols among acacia, sunflower, 

forest, polyfloral, lime, and sea buckthorn ho-

ney from Romania (Cimpoiu, Hosu, Miclaus & 

Puscas, 2013).    

Contrary, the lowest TPC was registered in the 

buckwheat honey (14.4 ± 0.75 mg GAE/100 g) 

(Table 2). The measured TPC in buckwheat 

honey was unexpected, as this honey type was 

recognised as rich in antioxidants (Deng et al., 

2018; Dżugan et al., 2020), whose major anti-

oxidant properties derive from its phenolic 

constituents, being effective in reducing reac-

tive oxygen species (ROS) levels (van den 

Berg et al., 2013). Deng et al. (2018) reported 

a TPC of 1498 ± 37.3 mg GAE/kg in buck-

wheat honey, which is approximately ten times 

higher than the TPC measured in our sample. 

Dżugan et al. (2020) found approximately 

250 mg GAE/100 g TPC in buckwheat honey. 

This substantial discrepancy raises concerns 

about the potential adulteration of the 

buckwheat honey we investigated, 

underscoring the need for reliable methods to 

detect such adulteration. Additionally, the 

study of Deng et al. (2018) documented a 

phenolic content of 561 ± 2.82 mg GAE/kg in 

Manuka honey, which is roughly twice the 

amount observed in our sample (Table 2).  

Mustard honey was relatively rare in our mar-

ket, but its total phenolic content (23.8 ± 

1.17 mg GAE/100 g, Table 2) was comparable 

to the value reported by Trisha et al. (2023), 

which was 242.12 ± 2.6 mg GAE/kg. 

In comparison to our previous study (Sakač et 

al., 2022), TPCs in the honey samples we in-

vestigated were lower than those found in 

linden, heather, phacelia, basil, sage, chestnut, 

and lavender honey, which are typical for The 

Western Balkans region. 

Manuka honey is renowned for its high anti-

oxidant capacity, often exceeding that of other 

nectar kinds of honey such as canola, acacia, 

or buckwheat honey (Schmidt, Eichelberger & 

Rohm, 2021). However, the manuka honey 

sample available in our market did not exhibit 

the high antioxidant activity reported in the 

literature (Deng et al., 2018). 

The antioxidant activity of the honey samples 

was assessed using the DPPH test and ex-

pressed as IC50 values. The IC50 values ranged 

from 127 ± 2.02 mg/mL for Manuka honey to 

331 ± 4.41 mg/mL for buckwheat honey 

(Table 2). The lower scavenging activity of 

buckwheat honey on DPPH
•
 corresponded with 

its TPC but was significantly lower than the 

findings of Ongalbek et al. (2024), who re-

ported high antioxidant activity for buckwheat 

honey using both DPPH
•
 and 2,2'-azino-bis(3-

ethylbenzothiazoline-6-sulfonic acid) radical 

cation (ABTS
•+

) assays. The antioxidant acti-

vity of mustard honey on DPPH
•
 aligned with 

the results reported by Trisha et al. (2023).  

The antioxidant activity exhibited a strong cor-

relation with total phenolic content, with a 

high correlation coefficient of r = 0.907.  

Antibacterial activity of honey 

The antibacterial activity of honey is largely 

attributed to glucose oxidase, an enzyme that 

catalyses the conversion of glucose into glu-

conic acid and hydrogen peroxide (Deng et al., 

2018). Phenolic compounds also play a role in 

honey's antibacterial properties (Almasaudi, 

2021). Manuka honey stands out from other 

honey types due to its high antibacterial 
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capacity, which is primarily attributed to a 

high level of non-peroxidic compounds 

(Schmidt, Eichelberger & Rohm, 2021). 

Methylglyoxal, identified as the main com-

pound responsible for manuka honey's antibac-

terial effects (Beitlich, Koelling-Speer, 

Oelschlaegel & Speer 2014), is formed through 

the non-enzymatic dehydration of dihydro-

xyacetone present in the nectar (Adams, 

Manley-Harris & Molan, 2009). Therefore, 

despite having a relatively low TPC of 25.2 ± 

0.87 mg GAE/100 g (Table 2), Manuka honey 

demonstrated the strongest antibacterial ac-

tivity among the investigated honey samples 

(Table 3). 

Besides Manuka honey, other tested honey ty-

pes also exhibited antibacterial activity. The 

following order of resistance was observed: 

Enterococcus faecalis > Escherichia coli = 

Escherichia coli ATCC 8739 > Proteus 

mirabilis > Staphylococcus aureus > Staphy-

lococcus epidermidis. Gram-positive bacteria 

were more susceptible to the antibacterial ef-

fects of the honey samples. This higher inhi-

bitory effect on gram-positive bacteria can be 

attributed to differences in their cell wall com-

position compared to gram-negative bacteria. 

Specifically, gram-positive bacteria lack an 

outer membrane, which facilitates easier pene-

tration by antimicrobial agents (Matzen et al., 

2018). The observed susceptibility of S. aureus 

and S. epidermidis to the examined honey sam-

ples can be attributed to the polyphenols in ho-

ney. The TPC shows a strong correlation with 

antibacterial activity against these strains, with 

correlation coefficients of r = −0.736 for S. 

aureus and r = −0.690 for S. epidermidis. 

Buckwheat honey has been shown to exhibit 

relatively high antibacterial activity. The ave-

rage MIC values were 6.25% against gram-

positive bacteria, S. aureus and S. epidermidis 

(Table 3). This antibacterial activity is likely 

linked to its phenolic compounds, which are 

known to have efficacy against Staphylococcus 

aureus and Pseudomonas aeruginosa (Deng et 

al., 2018). The same authors stated that the 

antibacterial activity of buckwheat honey is 

comparable with that of Manuka honey. Both 

raspberry and basil honeys demonstrated the 

average MIC values of 12.5% against Staphy-

lococcus aureus and Staphylococcus epider-

midis (Table 3). 

Table 3.   

Minimum inhibitory concentrations (MIC) of different honey types against tested strains of Escherichia coli, 

Escherichia coli ATCC 8739, Staphylococcus epidermidis, Proteus mirabilis, Staphylococcus aureus ATCC 

25923, and Enterococcus faecalis ATCC 29212  

The determination of MIC was performed in triplicate. 

 

Table 4.   

Effects of honey samples on the growth of selected human cell lines 

*Values represent means  SD of four measurements (n  4) obtained in 0.15–50 mg/mL concentration range. 

HeLa – HeLa cervical tumour cell line; MCF7 – MCF7 breast cancer cell line; HT-29 – HT-29 human colorectal 

adenocarcinoma cell line; MRC-5 – MRC-5 human lung tissue cell line 

MIC % against different strains of bacteria 

Honey type 

E. coli 

ATCC 

8739 

E. coli 
Proteus  

mirabilis 

S. aureus 

ATCC 

25923 

S. 

epidermidis 

E. faecalis 

ATCC 

29212 

Mustard  25.0  25.0 25.0 12.5 6.25 25.0 

Manuka 12.5 12.5 12.5 6.25 6.25 25.0 

Forest  25.0 25.0 25.0 25.0 25.0 25.0 

Buckwheat 25.0 25.0 12.5 6.25 6.25 25.0 

Raspberry 25.0 25.0 25.0 12.5 12.5 25.0 

Basil 25.0 25.0 12.5 12.5 12.5 25.0 

Honey type 
IC50 (mg/mL)* 

HeLa MCF7 HT-29 MRC-5 

Mustard  46.5 ± 1.83
c
 33.9 ± 3.03

a
 31.7 ± 6.83

a
 32.7 ± 4.73

a
 

Manuka 21.9 ± 2.05
a
 35.7 ± 5.70

ab
 34.6 ± 7.13

a
 32.5 ± 3.69

a
 

Forest   50
c
  50

b 
  50

b
  50

b 
Buckwheat  50

c  50
b  50

b 40.3 ± 7.35
ab 

Raspberry 46.5 ± 1.24
c
 32.6 ± 5.16

a
 45.7 ± 1.56

ab 42.6 ± 2.26
ab 

Basil  50
c  50

b  50
b  50

b 
Standard glucose 40.0 ± 3.02

b
 33.2 ± 5.57

a
 34.0 ± 0.44

a
 39.8 ± 1.07

ab
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These bacteria were identified as the most 

sensitive to honey's antibacterial activity, ac-

cording to Junie, Vică, Glevitzky and Matei 

(2016). Sakač et al. (2022) found that basil 

honey was less potent towards bacterial strains 

compared to the results presented in Table 3. 

Mustard honey was noted to have antibacterial 

activity against S. aureus (Khatun et al., 2022), 

and this is in line with our result (Table 3). 

Antiproliferative activity of honey 

The most potent honey sample in terms of anti-

proliferative activity was manuka honey 

(IC50
HeLa

 = 21.9 ± 2.05 mg/mL and IC50
MRC-5

 = 

32.5 ± 3.69 mg/mL) towards cervix cancer 

cells (HeLa) and cells derived from healthy 

lung tissue (MRC-5) (Table 4). Mustard honey 

also affected the growth of MRC-5 cells with 

IC50
MRC−5

 = 32.7 ± 4.73 mg/mL, while buck-

wheat honey had poor antiproliferative acti-

vity, although there is evidence of its potency 

(Deng et al., 2018). Breast cancer cell line 

(MCF-7) and human colorectal adenocar-

cinoma cell line (HT-29) expressed low sensi-

tivity to the evaluated samples. Standard (glu-

cose) had a lower and uniform cell growth ef-

fect with IC50 values ranging from 33–

40 mg/mL towards all evaluated cell lines, 

indicating that active components in 

investigated honey types, other than sugars, 

contributed to cell growth activity. 

The cellular antioxidant activity of manuka 

and buckwheat honey samples was assessed 

using a cell-based model involving HepG2 

cells, which are an epithelial-like cell line deri-

ved from a 15-year-old male with hepato-

cellular carcinoma (Deng et al., 2018). Accor-

ding to Deng et al. (2018), buckwheat honey 

demonstrated stronger cellular antioxidant 

activity compared to Manuka honey when 

tested with HepG2 cells. Also, Moskwa et al. 

(2014) investigated an anticancer effect of 

different honeys from Poland (including 

buckwheat honey) on tumour cell line – 

glioblastoma multiforme U87MG and 

concluded that the examined honeys have a 

potent antiproliferative effect on the U87MG 

cell line in a time- and dose-dependent man-

ner, being effective at concentrations as low as 

0.5%. However, our results (Table 4) did not 

support the findings reported by the mentioned 

authors regarding the antitumor potency of 

buckwheat honey. Manuka honey is renowned 

not only for its antimicrobial properties (El-

Senduny, Hegazi, Abd Elghani & Farag, 2021) 

but also for its anticancer effects through 

various metabolic mechanisms (Cianciosi et 

al., 2020). 

It demonstrated anticancer activity against a 

variety of cancers, including colon cancer 

(Afrin et al., 2018), breast cancer (MCF-7 cell 

line) (Wong, Nigam & Owusu-Apenten, 

2018), and both lung (A549) and breast 

(MDA-MB-231) cancers (Aryappalli et al., 

2019). 

However, our results did not align with these 

findings regarding the antiproliferative effects 

of Manuka honey on colon and breast cancer 

cell lines. Despite this, our manuka honey 

sample exhibited the strongest antiproliferative 

effect among the honey types tested, showing 

significant activity against HeLa and MRC-5 

cells (Table 4). 

Das et al. (2022) investigated the antiproli-

ferative potential of various Indian honey sam-

ples, including mustard honey, on colon cancer 

cell growth and found that honey exhibited 

apoptotic activities. In our study, mustard ho-

ney purchased from the Serbian market de-

monstrated weak antiproliferative activity 

against HT-29 cells. However, it showed ef-

fecttiveness in suppressing the viability of 

MRC-5 cells (Table 4). 

Among previously examined honey types col-

lected from the region of the Western Balkans, 

linden honey from Fruška Gora, heather, anis, 

and lavender honey demonstrated significantly 

higher antiproliferative activity towards MCF-

7, HeLa, and HT-29 cancer cells (Sakač et al., 

2022) in comparison to the results obtained in 

this study (Table 4). 

CONCLUSIONS 

The physicochemical characterization and eva-

luation of antioxidant, antibacterial, and anti-

proliferative effects were conducted on six dif-

ferent honey types – mustard, manuka, forest, 

buckwheat, raspberry, and basil purchased 

from a local health food store in Novi Sad, 

Vojvodina, Serbia.  

All samples met the physicochemical criteria 

established by EU regulations, including 

moisture content, pH, electrical conductivity, 

free acidity, and hydroxymethylfurfural (HMF) 

levels. 

Forest honey possessed the highest TPC level 

of 30.6 ± 1.63 mg GAE/100 g, while buck-
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wheat honey had the lowest (14.4 ± 0.75 mg 

GAE/100 g). The scavenging activity on 

DPPH
•
 was the highest for manuka honey (IC50 

= 127 ± 2.02 mg/mL) and the lowest for 

buckwheat honey (IC50 = 331 ± 4.41 mg/mL). 

In terms of antibacterial activity, manuka ho-

ney demonstrated the most significant effect 

against the examined bacterial strains, parti-

cularly S. aureus and S. epidermidis, with a 

MIC of 6.25% for both strains. Buckwheat ho-

ney followed in antibacterial efficacy. 

Manuka honey exhibited the most potent anti-

proliferative activity among the tested honey 

types, with IC50
HeLa

 = 21.9 ± 2.05 mg/mL for 

cervix cancer cells (HeLa) and IC50
MRC-5

 = 32.5 

± 3.69 mg/mL for MRC-5 cells derived from 

healthy lung tissue. Mustard honey also de-

monstrated notable effects on MRC-5 cells, 

with an IC50
MRC−5

 = 32.7 ± 4.73 mg/mL. The 

effectiveness in suppressing the viability of the 

cancer cell lines is attributed to active com-

ponents other than sugars present in honey. 
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Sažetak: Ovaj rad ispituje fizičkohemijska svojstva, kao i antioksidativne, antibakterijske 

i antiproliferativne efekte nekoliko vrsta meda koji su komercijalno dostupni, ali nisu 

karakteristični za Srbiju. Analizirani su parametri kao što su vlaga, pH, električna 

provodljivost, slobodne kiseline i sadržaj hidroksimetilfurfurala (HMF). Svi ispitivani 

uzorci meda ispunili su standarde EU regulative. Antioksidativna aktivnost meda 

određena je merenjem sadržaja ukupnih fenola (TPC) i antiradikalske aktivnosti na 

difenilpikrilhidrazil radikale (DPPH
•
). Šumski med je imao najviši nivo TPC (30,6 ± 1,63 

mg GAE/100 g), dok je med od heljde karakterisao najniži sadržaj (14,4 ± 

0,75 mg GAE/100 g). Ovi rezultati su u korelaciji sa antiradikalskom aktivnošću na 

DPPH
•
, koja je bila najviša za manuka med, a najniža u slučaju meda od heljde. 

Antibakterijska aktivnost određena je korišćenjem mikrodilucionog testa i merenjem 

minimalne inhibitorne koncentracije (MIC). Manuka med je ispoljio najjaču 

antibakterijsku aktivnost protiv Staphylococcus aureus i S. epidermidis, sa MIC 

vrednošću od 6,25% za oba soja. Med od heljde je takođe pokazao značajnu 

antibakterijsku aktivnost protiv ovih sojeva. Pri određivanju antiproliferativne aktivnosti, 

manuka med je bio najefikasniji među testiranim vrstama meda, sa IC50 vrednostima od 

21,9 ± 2,05 mg/ml za ćelije raka grlića materice (HeLa) i 32,5 ± 3,73 mg/ml za MRC-5 

ćelije iz zdravog plućnog tkiva. 

Ključne reči: med, antioksidativna aktivnost, antibakterijska aktivnost, antiproliferativna 

aktivnost 
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