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Pseudomonas aeruginosa is recognised as an opportunistic
pathogen and a common contributor to wound infections.
This study focused on evaluating the antibacterial activity
of selected Polish honeys against P. aeruginosa. Six bacterial
strains isolated from wounds and 4 types of honeys (mul-
tifloral, linden, buckwheat, and heather) were utilised. The
minimal inhibitory concentrations (MIC) were determined
through the micro-dilution method employing 96-well plates,
while antibiofilm activity was assessed using fluorescence
microscopy after a 4-hour incubation period with the honeys.
The results indicated diverse antibacterial efficacy among
honeys, with linden and heather honeys demonstrating the
most potent activity. Linden honey displayed an average MIC

of 20.8%, while heather honey exhibited an MIC of 25%. Both
honeys significantly reduced biofilm formation, with linden
honey achieving a reduction of 54-67% and heather honey of
45-58%. Buckwheat and multifloral honeys exhibited lower
activity, demonstrating average MIC levels of 37.5% and 41.7%,
respectively, and a biofilm reduction below 20%. Conclusi-
vely, Polish honeys exhibited promising activity against both
planktonic and biofilm forms of P. aeruginosa. These findings
suggest potential applications in wound healing treatments,
emphasising the need for further research in this area. The
study contributes valuable insights to the limited literature
on the antibacterial activity of Polish honeys.
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Introduction

Pseudomonas aeruginosa is an aerobic Gram-negative
bacillus, recognised as an opportunistic pathogen and
a primary contributor to wound infections. In chronic
wounds, the prevalence of P. aeruginosa varies from
a few to approximately 40% [1]. However, studies by
de Oliveira et al. [2] have demonstrated that this prev-
alence can escalate to as high as 75%. The bacterium is
equipped with flagella, pili, and fimbriae. It produces
an array of virulence factors, including pigments, elas-
tase, phospholipase, protein convertase, enterotoxin,
and exotoxin A. These virulence factors play a role in
the degradation of skin and mucous membrane struc-
tures [3, 4]. Furthermore, research indicates that 100% of
P. aeruginosa strains have the capability of forming bio-
films [3], impeding the effectiveness of antibiotics and
antiseptics. Together with Enterococcus faecium, Staph-
ylococcus aureus, Klebsiella pneumoniae, Acinetobacter

baumannii, and Enterobacter spp., P. aeruginosa is clas-
sified as a multi-resistant pathogen under the acronym
ESKAPE [5]. Carbapenem-resistant P. aeruginosa is
designated by the WHO as a “critical” pathogen ur-
gently necessitating new antibiotics [6]. Pseudomonas
aeruginosa exhibits intrinsic resistance to several anti-
biotics, including sulphonamides, ampicillin, first- and
second-generation cephalosporins, chloramphenicol,
and tetracycline [7]. Acquired resistance, affecting over
10% of P. aeruginosa strains, extends to antibiotics such
as aztreonam, ciprofloxacin, imipenem, meropenem,
ceftazidime, cefotaxime, gentamicin, and piperacillin [2,
3]. Recently, strains exhibiting adaptation or resistance
to antiseptics such as triclosan, chlorhexidine, benzal-
konium chloride, and polyhexamethylene biguanide
(PHMB) have also been identified [8, 9].

In line with Polish guidelines [10] and international
consensus [11], wound treatment should involve the
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application of lavaseptics and antiseptics based on
octenidine, polyhexanide, iodine-based povidone, or
chlorhexidine. Nevertheless, the scientific community
continues to explore the antimicrobial properties of nat-
ural substances or novel chemical compounds. Numer-
ous studies highlight the potent antimicrobial effects of
honey, particularly Manuka honey [12-14]. However,
limited research exists regarding the antibacterial ac-
tivity of Polish honeys [15, 16]. Therefore, the objective
of this study was to investigate the efficacy of selected
Polish honeys against P. aeruginosa and its biofilm.

Material and methods

Pseudomonas aeruginosa strains

The experiments were conducted using 6 strains of
P. aeruginosa isolated from wounds and are part of
the collection at the Department of Medical Microbi-
ology, PUMS. All strains were cultivated at 37°C for
24 hours on Cetrimide agar (Graso Biotech, Poland).

Honeys

Four honeys were used in the research: multifloral,
linden, buckwheat and heather. All these honeys
originated from the Greater Poland Voivodeship, Po-
land. The honeys were directly dissolved in Mueller
Hinton broth (Graso Biotech, Poland).

Minimal Inhibitory Concentrations

The minimal inhibitory concentrations (MIC) of the
honeys were determined using the micro-dilution
method with 96-well plates (Nest Scientific Bio-
technology, China). The experimental procedures
followed the methodology outlined in our previous
publications [17, 18]. In summary, each well received
90 pul of Mueller Hinton broth (Graso Biotech, Poland)
and 10 pl of bacterial suspension, resulting in a final
inoculum concentration of 10° CFU/ml, as per McFar-
land standards. Serial dilutions of honey were carried
out during the course of the study. The plates were
then incubated at 37°C for 24 hours, and MIC values
were determined through visual analysis.

Anti-biofilm activity test

Biofilm formation occurred in 12-well plates with
Mueller Hinton broth over 48 hours at 37°C. After in-
cubation, the wells were rinsed with PBS, and 1 mL of
50% honey water solution was introduced for 4 hours.
Following this, the plates underwent three PBS washes.
The assessment of anti-biofilm activity was conducted
using the LIVE/DEAD BacLight Bacterial Viability
Kit (Invitrogen, USA), following the manufacturer’s

instructions. The results were observed using a fluo-
rescence microscope Leica DM 1000 LED fluorescence
microscope (Leica, Germany) with a Progres Gryphax
camera (Jenoptik, Germany). The acquired images
were analysed using Fiji, a distribution of the image
analysis program Image] [19]. The program was em-
ployed to calculate the number of bacterial cells within
the biofilm following the action of the honeys.

Results

the research demonstrated varied antibacterial activ-
ity among the honeys. In terms of minimum inhibi-
tory concentration (MIC), the most effective activity
was exhibited by linden and heather honey, with
MICs at average levels of 20.8% and 25%, respectively
(Table I). Buckwheat and multifloral honeys showed
weaker activity, with average MIC levels of 37.5% and
41.7%, respectively.

Table I. Results of minimum inhibitory concentration
(MIC) [in %] of Polish honeys against Pseudomonas

aeruginosa
Honey MIC = SD (range) [%]
Linden 20.8 6.5 (12.5-25)
Heather 25 0.0 (25)
Buckwheat 37.5 +£13.7 (25-50)
Multifloral 41.7 £12.9 (25-50)

Similarly to MIC results, superior effectiveness
of linden and heather honeys was observed in the
assessment of antibiofilm activity. Linden honey led
to a reduction in biofilm by 54-67% after 4 hours of
exposure, while heather honey showed a reduction
at the level of 45-58%. Buckwheat and multifloral
honeys exhibited much weaker antibiofilm effects,
with their biofilm reduction below 20% (Figure 1).

Discussion

There is limited literature on the antimicrobial ac-
tivity of Polish honeys. Therefore, we compared the
obtained results with those of European honeys. The
activity of linden honey from Hungary was diverse,
with MIC values against P. aeruginosa ranging from
12.5 to 50% [20, 21]. Linden honey from the Western
Balkans exhibited activity against Gram-negative
bacteria with MIC values of 12.5-25% [22]. Linden
and heather honeys from Ukraine exhibited sim-
ilar activities (MICs 19-38%) as those observed in
the presented studies [23]. The mean MIC of Por-
tuguese heather honey ranged from 10 to 13.3 for P.
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aeruginosa, indicating slightly better activity com-
pared to ours [24]. In the case of multifloral honeys,
other studies indicate better antibacterial activity.
The MICs of honeys from Switzerland against P. aeru-
ginosa were around 10-25% [25], and for honeys from
Ukraine against Gram-negative bacteria, it ranged
from 19 to 38% [23]. The MIC values for multifloral
honeys from Poland ranged from 3.1% to > 12.5%, but
this activity was observed against Staphylococcus au-
reus [26]. Moreover, in this study, MIC values > 12.5%

© Polskie Towarzystwo Leczenia Ran, 2024

Figure 1. Antibiofilm activity of Polish honeys against Pseudo-
monas aeruginosa after 4 hours of exposure. A) Linden honey;
B) Heather honey; €C) Buckwheat honey; D) Multifloral honey

were not analysed, meaning that for some honeys,
this value could have been much higher. In the same
paper, the MIC values against S. aureus for buckwheat
honeys from Poland ranged from 1.56% to > 12.5%, but
higher levels were also not analysed [26].

There are few papers on the antibiofilm activity of
European honeys. Inhibitory rates of Hungarian lin-
den honey were approximately 60 to 85% [20, 21]. The
difference compared to our studies may result from the
fact that in the Hungarian research, biofilm formation
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was conducted for only 4 hours, meaning it was not ma-
ture and could be more susceptible to the compounds
present in honey. In antibiofilm studies of Portuguese
heather honey [27], a different methodology was ap-
plied, examining the logarithmic reduction in colony
count. A 50% honey concentration led to approximately
50% decrease in the logarithm of colony count.

Currently, most publications focus on Manuka
honey, and bandages and gels containing this honey
are available in the market. However, the MIC values
for Manuka honeys against P. aeruginosa range from
6% to 33% [12, 28-31]. This implies that Polish honeys,
such as linden and heather, do not lag behind Manuka
honey in terms of antibacterial activity. Therefore, it
is worthwhile for Polish honeys to also find applica-
tion in wound treatment.

Conclusions

The presented studies indicate that Polish honeys are
active against both planktonic and biofilm forms of
Pseudomonas aeruginosa. Further research is need-
ed to explore their potential use in wound healing
treatments.
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