An Acad Bras Cienc (2025) 97(3): €20241302 DOI 10.1590/0001-3765202520241302

Anais da Academia Brasileira de Ciéncias | Annals of the Brazilian Academy of Sciences
Printed ISSN 0001-3765 | Online ISSN 1678-2690

www.scielo.br/aabc | www.fb.com/aabcjournal

BIOMEDICAL SCIENCES

Analysis of the antimicrobial activity of
propolis: A narrative review of in-vitro studies

GLENDA L. LAZO, DANIELI CRISTINA LEMES, PATRICIA M. PAULETTI, JAIRO K.
BASTOS, SERGIO RICARDO AMBROSIO, RODRIGO CASSIO S. VENEZIANI & REGINA

HELENA PIRES

Abstract: Propolis, harvested by bees from local and seasonal flora, exhibits a

diverse chemical composition renowned for its antimicrobial, antioxidant, and anti-

inflammatory attributes. This positions it as a promising ally in combatting antimicrobial

resistance. This narrative review aims to provide a comprehensive investigation of in

vitro studies investigating propolis’ antimicrobial efficacy. Employing the Preferred

Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) methodology,

we conducted searches in PubMed, SciELO, and Lilacs databases. Articles published

between 2011 and 2023, in English, Spanish, or Portuguese, and focusing on propolis’ in

vitro antimicrobial activity against human pathogens were included using descriptors.

Out of 291 initially identified articles, 34 were meticulously chosen post-application

of exclusion criteria. Despite originating from diverse regions, propolis consistently

demonstrates a rich profile abundant in fundamental phenolic compounds and

flavonoids. The synergy of its constituent elements’ leads to significant antibacterial

significant antibacterial and antifungal effects via distinct mechanisms. Appreciating

the varied chemical compositions of propolis is imperative for optimizing its therapeutic

potential. Its remarkable antibacterial and antifungal attributes, alongside standardized

testing methodologies and exploration of synergistic combinations with conventional

antibiotics or essential oils, present compelling strategies for effectively addressing

antimicrobial resistance.
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INTRODUCTION

The indiscriminate use of antibiotics has led to
an increase in resistance mechanisms among
various microorganisms, creating a need for new
alternatives to combat infections, especially
those of bacterial and fungal origin (Brinkac
et al. 2017). This looming crisis is projected to
reach catastrophic proportions by 2050, with
antimicrobial resistance causing an alarming
increase in morbidity and accounting for an
estimated 10 million deaths annually (Bassetti
et al. 2017). Beyond its devastating human toll,
antimicrobial resistance also exacts a heavy

toll on the global economy. In response to this
pressing issue, natural products have emerged
as a promising tool for combating antimicrobial
resistance. These natural products offer a diverse
array of chemical compounds and functional
substances that have demonstrated their
effectiveness against resistant microorganisms.
In essence, they represent a vital alternative in
the ongoing battle against this global health
threat (Ye et al. 2020).

Considering the urgency of the situation, the
World Health Organization (WHO) has recognized
the significance of Traditional, Complementary,
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and Integrative Medicine (TCIM) practices. These
approaches, rooted in ancestral experiences,
offer valuable insights into disease prevention
and recovery. Consequently, an increasing
number of countries are adopting TCIM as part
of their healthcare strategies. By 2023 it was
reported that 170 countries have implemented
public policiesthat regulate and promote the use
of TCIM, aligning with WHO’s recommendations
(WHO 2023). These approaches often incorporate
natural substances, harnessing the therapeutic
potential of botanicals, minerals, and other
naturally occurring compounds. The use of
herbal medicine, dietary supplements, and
traditional practices, alongside conventional
medical interventions, aims to address the
physical, mental, and emotional aspects of
health.

Propolis is a complex mixture of resinous
and balsamic substances, of varied consistency,
texture,and coloration, collected by Apis mellifera
bees or stingless bee species, from various
parts of plants, such as floral buds, shoots, and
resinous exudates, in the vicinity of the apiary.
The bees also add salivary secretions, wax, and
pollen, which accounts for the variation in its
coloration, texture, and consistency (Park et al.
2002, Funari et al. 2016). They use this substance
to protect themselves against microorganisms
and insects, applying it in thin layers on the
internalwalls of the hive to seal cracks, repairand
strengthen honeycombs, protect the entrance
of the hive, and in the preparation of aseptic
places for the laying of eggs by the queen bee
and in the mummification of invading insects
(Bankova et al. 2000). In Brazil, products derived
from beekeeping, like propolis, have been
officially incorporated into the national policy
of integrative and complementary practices
(Politica Nacional de Praticas Integrativas e
Complementares [PNPIC]). Moreover, such policy
is specifically tailored for users of the Brazilian
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Unified Health System (Sistema Unico de Sadde
[SUS]) throughout the entire national territory
(Brasil 2018).

The chemical composition of propolis
reflects the flora used by bees (Elnakady et
al. 2017), and can vary according to regional
seasonality, which can influence its potential for
action and its physical, chemical, and biological
properties (Sforcin et al. 2000, Castro et al.
2007). However, it is usually composed of 50%
plant resin and balsam, 30% wax, 10% essential
and aromatic oils, 5% pollen, and 5% other
various substances, including organic residues
(Alaerjanietal.2022). Considered one of the most
heterogeneous natural mixtures, it is believed
that more than 300 different substances have
been identified and/or characterized from
different propolis samples (Alanazi et al. 2021).
In general, propolis can contain flavonoids,
modified carboxylic acids, higher hydrocarbons,
alcohols, aromatic acids, higher fatty acids
typical of waxes and their esters, ketones,
flavones and flavanols, flavanones, chalcones
and dihydrochalcones, terpenoids, steroids,
amino acids, sugars, lignans, vitamins (A, B1,
B2, B6, C, E, and PP) and minerals (sodium,
potassium, magnesium, barium, strontium,
cadmium, lead, copper, manganese, iron,
calcium, vanadium, silicon, aluminum, nickel,
zinc, chromium, titanium, silver, molybdenum,
and cobalt) (Bankova et al. 2000, dos Santos
Pereira et al. 2002, Kalogeropoulos et al. 2009,
Wozniak et al. 2023).

Brazilian propolis has been classified into
twelve classes according to Park et al. (2002),
with a diverse range of colors. In the South region
alone, five types are identified, displaying hues
from yellow to dark brown and greenish-brown.
The Northeast region contributes six distinct
types, including reddish-brown and various
shades of yellow and green. The Southeast is
known primarily for its brown, greenish-brown,
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and green varieties. Additionally, a thirteenth
type originating from mangroves in the states of
Sergipe, Alagoas, Paraiba, Pernambuco,and Bahia
was introduced in 2007. Among these varieties,
the green, red, and brown types stand out as the
most researched and economically significant,
particularly for their notable biological activities
and export value, especially to Asian countries
(Figueiredo-Rinhel et al. 2013).

Some components are present in all
propolis samples, while others are specific to
propolis derived from plant species (Vargas
et al. 2004, Bobis 2022). Notably, propolis
exhibits a diverse array of beneficial properties,
including anti-inflammatory, antibacterial,
immunomodulatory, antioxidant, antidiabetic,
antiprotozoal, antihypertensive, antihepatotoxic,
and antiviral effects (Przybytek & Karpinski 2019,
Salamanca-Grosso et al. 2022, Bobis 2022).

Notably, propolis’ antibacterial properties
have garnered significant attention in research,
showing effectiveness against diverse bacteria
(Salamanca-Grosso et al. 2022) and fungi,
including yeast (Bezerra et al. 2020) and
filamentous fungi (Wolska & Antosik 2023). Given
the substantial number of research highlighting
the advantages of propolis, it is crucial to
conduct a comprehensive assessment of its
potential as an antimicrobial agent. Therefore,
the primary aim of this systematic review is
to offer a comprehensive overview of studies
assessing the in vitro antimicrobial activity of
propolis.

MATERIALS AND METHODS

Search strategy

This research adhered to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
(PRISMA) methodology, as outlined by Page et al.
(2022). The identification of relevant studies was
conducted through comprehensive searches on
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databases such as National Library of Medicine
(PubMed), Online Scientific Electronic Library
(SciELO), and Latin American and Caribbean
Literature on Health Sciences (Lilacs). Utilizing
the Patient, Intervention, Comparison and
Outcome (PICO) strategy, the central research
question was formulated as follows: Among
studies assessing the in vitro antimicrobial
activity of propolis, what consensus exists
regarding its efficacy against both bacteria and
fungi? These searches employed search terms
in alignment with the Descritores em Ciéncias
da Salde/Medical Subject Headings (DeCS/
MeSH) terminology (BIREME 2022). The search
was conducted by associating the following
descriptors using the “all fields” search option:
(propolis e antimicrobianos) or (propolis e
antibacterianos) or (propolis e antifingicos)
in Portuguese, (propolis and anti-infective
agents) or (propolis and anti-bacterial agents)
or (propolis and antifungal agents) in English,
and (Propole y antimicrobianos) or (Propole y
antibacterianos) or (Propole y Antiflngicos) in
Spanish.

Eligibility criteria

It was included articles in English, Spanish,
and Portuguese, with the primary objective of
examining the in vitro antimicrobial activity of
propolis against human pathogens. The selected
articles encompassed publications from the
years 2011 to 2023.

Study selection process and data extraction

Data extraction from each database was
conducted by GLL, DCL, and PP. Subsequently,
initial selection of studies was performed by
S.R.A. through reading the titles and abstracts.
Review of study integrity and accuracy
concerning the proposed objectives was
undertaken by R.C.SV. The final selection of
studies was made by J.K.B and R.H.P. An Excel™
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spreadsheet was employed to systematically
collect the following information: author’s
name, year of publication, country of origin,
research objectives, microorganism strain type,
inoculum concentration, extract type utilized,
susceptibility testing method, results for the
treated group, and concluding remarks.

RESULTS

During the initial phase of study searching,
descriptors and their combinations were utilized
as detailed in Figure 1. In total, it was identified
291 studies, with 269 sourced from the three
databases and an additional 22 studies obtained
from other resources. As depicted in Figure 1,
duringtheidentification phase, duplicate studies
were excluded, resulting in a total of 139 articles.

PROPOLIS ANTIMICROBIAL POTENTIAL: A REVIEW

Subsequent evaluation of titles and abstracts
led to the removal of 62 studies that did not
examine the antimicrobial activity of propolis.
We proceeded to a full reading of 77 articles.
Among these, 37 articles were excluded for not
meeting the criteria as in vitro investigations,
and an additional 5 articles were excluded
as they assessed the antimicrobial activity of
propolis on non-infectious agents for humans.
After the eligibility assessment, 34 relevant
studies were selected for the narrative review.
Table | presents a succinct overview of
the characteristics of the selected studies. The
systematic review encloses studies primarily
differing in terms of the microorganisms under
investigation, with 15 articles examining various
bacterial genera, 6 articles focusing on different

[ Identification of studies through databases and registries |

Figure 1. Selection of
studies included in

the study.

Registry records from
databases (n = 269)

Y

Additional records
identified from other
sources (n = 22)

Duplicate records removed
(n = 152)

L |

A

Records after removing
duplicates (n = 139)

Excluded records by title
and abstracts (n = 62)

Studies evaluated in full
texts for eligibility (n = 77)

Excluded Articles:

Studies Not Conducted In
Vitro (n = 37)

Studies on
MNon-Pathogenic Agents for
Humans (n = 6)

Y

Studies included in review
(n=234)
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Table I. Characteristics of the selected studies: study location, microorganism, type of propolis extract used,

method employed, and principal results.

COUNTRY | REFERENCE MICROORGANISM

Brazil Bastos etal. Escherichia coli ATCC 25922
(2011)
Alves Ferreira | Escherichia coli ATCC 25922, Staphylococcus
Colombia | Bastos etal. = aureus ATCC 25923, Candida albicans ATCC
(2011) 36802
Brazil Probst etal. | Clinical isolates of Staphylococcus aureus
(2011) and Escherichia coli
Dantas de Candida albicans ATCC
Brazil Almeida etal.. 76618, Candida krusei ATCC 6538, Candida
(2012) tropicalis ATCC 13803
ATCC strains of Staphylococcus aureus,
Pseudomonas aeruginosa, Escherichia coli,
Silva et al. Candida albicans and clinical isolates of
Portugal ) ) .
(2012) the same organisms resistant to methicillin,
imipenem cephalosporin and fluconazole,
respectively
Brazil Barbosa et al Propionibacterium acnes ATCC 1969
(2014)
S. aureus ATCC 25923, S. aureus ATCC 43300
) and 1 clinical isolate, Bacillus cereus ATCC
. Benhanifia et . - .
Algeria al. (2014) 11778. Bacillus subltms ATCC 6633, E. coli
ATCC 25922, P. aeruginosa ATCC 27853 and 01
clinical isolate
Clinical isolates and Klebsiella
pneumoniae ATCC 4352, Pseudomonas
aeruginosa ATCC 15442, Staphyococcus
) Campos et al.
Brazil (2015) aureus ATCC 43300, and Staphylococcus
epidermidis ATCC 1228, Enterococcus faecalis
ATCC 43300, Proteus mirabilis ATCC 43300, C.
glabrata ATCC 90030, C. albicans ATCC 90028
Aeromonas hydrophila ATCC 49140,
Shigella flexneri ATCC 9199, Listeria
monocytogenes ATCC 19111, Bacillus subtilis
ATCC 6633, Enterococcus faecalis ATCC
‘ Ristivojevié et 29212, Staphylococcus aureus ATCC 259}23,(
Serbia Enterobacter cloacae ATCC 49141, Escherichia

(201 . L
al. (2016) coli ATCC 25922, Proteus mirabilis ATCC

25933, Pseudomonas aeruginosa ATCC 15422
and Salmonella enteritidis ATCC 13076,
Micrococcus luteus ATCC 7468, Streptococcus
equisimilis ATCC 12394

PROPOLIS EXTRACT
TYPE/Color

Ethanolic extract/
Brown

Colombian propolis
extract/ Green

Ethanolic extract
with essential oils
from Caryophyllus

aromaticus,
Zingiber officinale,
Cinnamomum
zeylanicum and
Mentha piperita/
Brown

Propolis tincture/
Brown

Agueous, methanolic,
and hydro-alcoholic
extracts/Brown

Propolis tincture/
Brown

Ethanolic extract/
Dark brown

Ethanolic extract/
Brown

. Methanolic extracts/
blue and orange

METHOD RESULTS
Disk diffusion | The zones of inhibition ranged from
and broth 10 to 11.3 mm, and the MIC values for

microdilution 142.9% of the samples were 250 mg/mL.

The inhibition zones for E. coli ranged
from 8 to 12 mm, while for S. aureus,
they ranged from 8.3 to 23.5 mm.
No activity was observed against C.
albicans.

Disk diffusion

The combinations of EEP with Z.
officinale and M. piperita essential
oils, as well as with C. zeylanicum, Z.
Agar diffusion | officinale and C. aromaticus essential
oils, exhibited bacteriostatic and
bactericidal effects, respectively, on
the growth of S. aureus.

The pure propolis tincture
demonstrates antifungal activity
against C. krusei and C. tropicalis, with
no observed effect against C. albicans.

Agar diffusion

The propolis showed greater activity
against

Broth . ) .
) o Gram-positive bacteria than against
microdilution . -
Gram-negative. In contrast, no activity
was observed against C. albicans.
Broth The propolis tincture exhibited activity

macrodilution | at concentrations from 10% to 0.625%
- CLSI against P acnes.

Activity only against Gram-positive
bacteria. Propolis sample with the
lowest phenolic content showed
better effect.

Disk diffusion

The propolis from T. fiebrigi presented
greater activity against the Gram-
positive bacteria than against Gram-
negative bacteria. S. aureus was the
most sensitive bacteria. It was also
observed fungicidal activity.

Broth
microdiluiton

The orange type of propolis shows
higher antimicrobial activity compared
to the blue type. The most sensitive
strain of Gram positive bacteria
was L. monocytogenes, with MIC values
from 0.1to 1.9 mg/mL for orange and
0.4 t0 10.6 mg/mL
mL for blue propolis. Presence of
phenolic compounds influencing the
antimicrobial activity.

Disk-diffusion
and broth
microdilution
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Table I. Continuation.

PROPOLIS EXTRACT
COUNTRY = REFERENCE MICROORGANISM OPOLIS ¢
TYPE/Color
Bucio- Escherichia coli ATCC 10536, Salmonella
. . . L Aqueous and
) Villalobos typhimurium ATCC 13311, Listeria )
Mexico B Ethanolic Extracts /
& Martinez- monocytogenes ATCC 19115, and Brown
Jaime (2017) Staphylococcus aureus ATCC 11632
Clinical isolates and ATCC strains of Candida .
Joya et al. . . ) ) Ethanolic extracts /
Venezuela albicans, C. guillermondi, C. krusei and C.
(2017) o Brown
tropicalis
) Maureira et al. . Ethanolic extract
Chile Candida spp. /
(2017) Brown
Bacillus subtilis CIP 52.62, Escherichia coli CIP .
) Rufatto et al. . Ethanolic extract/Red
Brazil (2018) 54127, Pseudomonas aeruginosa CIP 82118, ropolis
and Staphylococcus aureus CIP 4.83 prop
Moncayo Staphylococcus aureus ATCC 35556, Ethanolic extracts /
México Lujan et al. | Escherichia coli ATCC 25922, Salmonella typhi Brown
(2018) ATCC 14028, Proteus mirabilis ATCC 9150
32 ATCC strains (Gram-positive bacteria,
Germany, Gram-negative bacteria, and fungi) and
Ireland, | Al-Anietal. clinical strains of Methicillin-resistant Ethanolic extracts /
and Czech (2018) Staphylococcus aureus (MRSA), Vancomycin- Brown
Republic resistant enterococci (VRE), Gram-negative
bacteria and fungi (Candida species)
Escherichia coli ATCC 25972, Staphylococcus
Brazil Silva et al. |aureus ATCC 25923, Pseudomonas aeruginosa  Ethanolic extracts
(2019) ATCC 27853, Candida albicans ATCC 10231, / Red
Candida krusei ATCC 6258
Argentina Cibanal et al. penicillium s Hydroalcoholic
s (2019) P extract/ Brown
Ethanolic extract and
its main components
(apigenin,
) Veloz et al. N . .
Chile (2019) Clinical isolates of Streptococcus mutans pinocembrin,
quercetin and caffeic
acid phenethyl ester
-CAPE)/ Brown
Isolates of Pseudomonas putida, P.
) orescens, Hafnia alvei, Enterobacter spp. )
Petruzzi et al. flu . fnia alve P Hydroalcoholic
Italy Lactobacillus plantarum, Saccharomyces

(2020) extract/ Brown

cerevisiae Debaryomyces hansenii
and Fusarium oxysporum from food

An Acad Bras Cienc (2025) 97(3) €20241302
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METHOD RESULTS

The aqueous extract of propolis did
not affect any of the four bacteria
Agar diffusion |evaluated. The ethanolic extract used
showed antimicrobial activity against
S. aureus and L. monocytogenes.

C. tropicalis is the most resistant

to propolis, and C. guilliermondii
Broth the most sensitive species. Propolis
macrodilution | from Germany and Italy are the most
effective against species of Candida

isolated from Venezuelan patients.

The extract at 0.4 ug/mL inhibited the

Agar diffusion growth of 90.32% of Candida spp.

Tthe Gram-positive bacteria (S. aureus
and B. subtilis) were more sensitive
than Gram-negative bacteria (E. coli

and P aeruginosa).

Agar diffusion

The least sensitive microorganism was
S. typhi, and the
most sensitive was E. coli.

Disk diffusion

Propolis samples showed moderate

Broth . . .
o antibacterial effect against Gram-
macrodilution ositive microorganisms with MIC
(CLsD and rapn ing from 0 08gm /mLto 2.5 mg/
Checkerboard gins ’ g - me

mL. Additionally, they displayed
moderate antifungal activity (MIC
values between 0.6-2.5 mg/mL).

methodology
with antibiotics

Propolis demonstrated no activity
against Gram-negative bacteria, but
it exhibited inhibitory activity against
S. aureus. Additionally, it displayed
antifungal activity against C. krusei.

Disk diffusion

All treatments based on propolis
extracts had an inhibitory effect
greater than 99% on the development
of fungal colony-forming units.

Agar diffusion

Quercetin and CAPE presented high

Broth
) ro. . MIC values when compared to natural
microdilution ropolis, apigenin and pinocembrin
(CLslyand | ProPOU>apis P :

Both quercetin and CAPE at a
concentration of 25 pug/mL were shown
to reduce the thickness of S. mutans

biofilm formed
on FluoroDish

microplates biofilms by approximately 10 pm.
Higher concentrations of propolis
did not lead to complete inhibition
of bacterial growth. D. hansenii and
Total plate Enterobacter spp. were identified as
count and the most sensitive microorganisms,

radial growth 'while Pseudomonas species exhibited
on agar plates | the highest resistance to propolis.
The radial growth of F. oxysporum
was retarded by propolis at high
concentrations.

6121
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Table I. Continuation.

COUNTRY | REFERENCE

Brazil

Brazil

México

México

Perd

Spain

Spain

Hungary

Iran

PROPOLIS EXTRACT

MICROORGANISM TYPE/Color

Correa et al.
(2020)

Clinical isolates of Candida albicans, C.
albicans ATCC 90028

Ethanolic extract/
Green

Clinical isolates of Bacillus subtilis,

Barreiras et al. Staphylococcus aureus, Enterococcus faecalis, Hydroalcoholic

(2020) Escherichia coli, Klebisiela pneumoniae and extract/ Brown
Pseudomonas aeruginosa
Rodriguez- S .
Péres ot al Staphylococcus aureus ATCC 6538, Escherichia Ethanolic extracts/
" | coli ATCC 8739, Candida albicans ATCC 10231 Brown
(2020)
Mateo- )
o Ethanolic extract /
Aldama et al. | Clinical isolate of Cryptococcus neoformans
Brown
(2020)
Checalla-
Collatupa & Ethanolic extract/
. Streptococcus mutans ATCC 25175
Sanchez-Tito Brown
(2021)

Navarro-Pérez Ethanolic extract /

S. mutans ATCC 25175, S. sanguinis ATCC 10556

et al. (2021) Brown
Fernandez- L . ) . .
B Clinical and ambiental isolates of Candida Ethanolic
Calderon et al.
glabrata extract / Brown
(2021)
Papp et al. . .
PP Candida albicans ATCC 44829
(2021)
Moghi t al. . . . Eth li tract
oghim et a Reference strain of Candida albicans anolic extract/
(2021) Brown
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METHOD RESULTS
Broth The inhibitory activity was obtained
microdilution | with concentrations between 837 and
(CLSI); total | 1675 pg/mL, and fungicidal activity at
plate count; concentrations
cinetic assay between 3350 and 6700 pg/mL.

Gram positive bacteria were sensitive
to propolis at a concentration of 31.25

Broth pg/mL. For Gram-negative bacteria,
microdilution effectiveness was achieved with
(cLsI) higher concentrations, except for K.
pneumoniae, which was equivalent to
Gram-positive bacteria.
For S. aureus, the MIC ranged from
0.19 to 30 mg/dL; for E. coli, it ranged
between 3.75 and 15 mg/dL, and
Broth ¢/

for C. albicans, from 1.5 to 30 mg/
dL, depending on the collection site
and, consequently, the percentage of
chemical compounds.

microdilution

The Minimum Inhibitory Concentration
(MIC) was determined to be 1.25 mg/
mL, and the Minimum Fungicide
Concentration (MFC) was found to be
2.5 mg/mL.

Broth
macrodilution

At a concentration of 25%, presenting
an inhibition halo of 17.58 mm
(+2.578), surpassing the effectiveness
of concentrations at 50%, 75%, and
100%. Nevertheless, none of the
concentrations achieved halos equal
to or greater than the drug control,
chlorhexidine.

Disk diffusion

For S. mutans, the values obtained for

Broth
) .. MIC and MBC were 240 and 480 pg/mL,
microdilution . . C
(cLs) respectively, while for S. sanguinis, 60

and 120 pg/mL were obtained.

For planktonic cells, MIC50 values
ranged from 60 to 240 pg/mL,
while MIC90 ranged from 120 pg/
mL. Subinhibitory concentrations of
propolis extract significantly reduce

Agar diffusion
for planktonic
cells, and broth

microdilution
for biofilms the
C. glabrata biofilms in a dose-
dependent manner.
Broth The extracts showed an MIC80 and

IC50 in the range of 100200 pg/mL

(cLst) and 72-134 ug/mL respectively.
Broth The mean of MIC, MIC 50, and MFC of
) L Iranian propolis extract on C. albicans
microdilution )
(cLs) were, respectively, 0.030 + 0.015, 0.0618

+0.027, and 0.0833 + 0.0599 mg/mL.
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Table I. Continuation.

COUNTRY | REFERENCE MICROORGANISM

TYPE/Color

i Clinical oral isolates of C. albicans, C.
Sokolonski et

) L S Ethanolic extracts
Brazil al. (2021) dubliniensis and C. tropicalis, and reference reen and red /
’ strains of Candida albicans &
Actinomyces odontolyticus ATCC
17929, Streptococcus mitis ATCC 6249, ) )
. . Propolis solutions
Streptococcus. sanguis ATCC 10556, Eikenella | .. )
. dissolved in benzene,
Serbia Tambur et al. corrodens ATCC 23834, Fusobacterium diethyl ether methyl
(2021) nucleatum ATCC 25586, Lactobacillus Y ) o 4
. K chloride, and in
acidophilus ATCC 4356, Streptococcus
acetone/ Brown
mutans ATCC 25175, Porphyromonas
gingivalis ATCC 33277
Salamanca- L .
) Clinical isolates of Staphylococcus aureus Ethanolic extract /
Colombia | Grosso et al. S ]
and Escherichia coli Brown
(2022)
Mexico Rivera-Yanez | Clinical isolates of C. albicans, C. krusei and | Methanolic extract/
et al. (2022) C. glabrata Brown
Staphylococcus aureus ATCC 6538, clinical
isolates MRSA, Enterococcus faecalis
ATCC 43300, clinical isolates E. faecalis
vancomycin-resistant, Escherichia coli ATCC
29998, clinical isolates cephalosporin-
Brazil Campos et al. resistant, Pseudomonas aeruginosa Ethanolic extract/
(2023) ATCC 15442, clinical isolates P aeruginosa Brown
imipenem-resistant, Cryptococcus
neoformans ATCC 32264, clinical isolates
C. neoformans amphotericin B-resistant,
Candida albicans ATCC 10231 and clinical
isolates C. albicans amphotericin B-resistant
S. aureus ATCC 25923, E. coli NCTC 13351,
Sa-Eed et al. . .
Ghana (2023) P aeruginosa ATCC 27853, along with one

T . . fractions/ Brown
clinical isolate of each microorganism

An Acad Bras Cienc (2025) 97(3)
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PROPOLIS EXTRACT

METHOD RESULTS

Green propolis extract inhibited
Candida species by 50% at 0125 mg/
mL and by 95% at 8 mg/mL, whereas

red propolis extract, obtained through
ultrasound pretreatment, inhibited
Candida growth at a concentration
of 0.015 mg/mL. Additionally, the
ethanolic extract of red propolis
inhibited biofilm formation.

Broth
microdilution
(CLsl)

Propolis solutions dissolved in
benzene, diethyl ether and methyl
chloride, demonstrated equal
effectiveness against all investigated
oral bacteria (MIC=12.5 pg/mL).
Propolis solution dissolved in acetone
displayed MIC of 6.3 pg/mL only for
Lactobacillus acidophilus.

Agar dilution

Propolis samples from Narifo showed
greater effectiveness against Gram
positive bacteria.

Disk diffusion.

C. glabrata was the most sensitive
to propolis, as it exhibited 21.43 +

Disk R
X R 1.30 mm inhibition halos. In contrast,
diffusion .
C. krusei presented the smallest
inhibition halos (7.60 + 010 mm).
The extracts showed bactericidal and
Broth

fungicidal activity against reference
strains and hospital origin resistant
isolates.

microdilution

The crude propolis extracts and

fractions from the various regions
Macrobroth

Crude propolis and | dilution (CLSI), showed different degrees and patterns

of antimicrobial activity against the
tested bacterial isolates. The mean
MIC range of the most active fractions
was greatest for S. aureus.

and agar
diffusion
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fungal species, and 7 studies addressing both
bacteria and fungi.

DISCUSSION

Propolis composition: regional variability, ex-
traction methods, and implications for biologi-
cal activity

The biological properties of propolis tend to
vary according to the specific region from which
propolis samples are obtained in each zone and
continent worldwide. Despite this variability,
propolis generally exhibits some common
characteristics, which have been utilized to
classify it into distinct classes. Propolis can
typically be categorized into two primary types:
the Baccharis-type (Brazilian-type) and the
Poplar-type (European-type). The Brazilian-
type propolis is abundant in derivatives of
p-coumaric acid, such as artepillin C, (E)-3-
prenyl 4-(dihydrocinnamoyl-oxy)-cinnamic acid,
dihydrokaempferol, 4-hydroxy-3-prenylbenzoic
acid, and plicatin B. Conversely, the European
type propolis, collected not only in Europe
but also in China and other countries, is
characterized by its richness in flavonoids and
phenolic acid esters, notably pinocembrin,
pinobanksin, galangin, chrysin, and caffeic acid
phenethyl ester, as it primarily originates from
bud exudates of the populus species (Benhanifia
et al. 2014, Ristivojevic et al. 2016).

The chemical composition of propolis is
influenced not only by the geographic region
of collection but also by various other factors,
such as its botanical origin (Bucio-Villalobos &
Martinez-Jaime 2017, Salamanca-Grosso et al.
2022, Sa-Eed et al. 2023), the time of collection,
the species of bee, and the solvent used for
extraction (Rufatto et al. 2018). Consequently, it
is important to interpret findings from specific
studies with caution, as they may not fully
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represent the propolis composition across
entire countries or regions.

Forinstance, South American propolis shows
considerable diversity. Mexican propolis from
CuautitlanizcalliandMichoacanwasfoundtohave
a higher percentage of flavonoids, particularly
pinocembrin, while propolis from Sonora was
rich in pinocembrin, xanthomicrol, chrysin, and
galangin (Rodriguez Pérez et al. 2020). Chilean
propolis from La Araucania exhibited notable
levels of apigenin, pinocembrin, quercetin, and
caffeic acid phenethyl ester (CAPE) (Veloz et al.
2019). Argentinean propolis from Bahia Blanca
in Buenos Aires province contained abundant
phenolic compounds (Cibanal et al. 2019).
Brazilian propolis from Mato Grosso do Sul had
high concentrations of kaurenoic acid, benzoic
acid, cinnamic acid, and 3-phenyl-p-coumaric
acid (Campos et al. 2015), whereas propolis from
Parana was particularly rich in flavonoids like
quercetin (Barbosa et al. 2014).

Similarly, findings from other regions
emphasize the variability of propolis
composition. Algerian propolis from Tiaret and
Tlemcen contains various phenolic compounds,
including caffeic acid, ferulic acid, apigenin,
pinobanksin, CAPE, chrysin, pinocembrin, and
galangin (Benhanifia et al. 2014). Serbian propolis
is often categorized into two types, orange and
blue, with the orange variety predominating
and containing phenolics such as caffeic acid,
galangin, quercetin, and chrysin (Ristivojevic
et al. 2016). German propolis contains several
acids, including benzoic acid, cinnamic acid,
and salicylic acid, while Irish propolis is rich in
flavonoids (chrysin, galangin, and pinocembrin)
as well as nonacosane, pentacosane, and alpha-
bisabolol. Czech propolis is dominated by
phenyl carboxylic acids (caffeic acid, cinnamic
acid, and benzoic acid) along with flavonoids
(Al-Ani et al. 2018).
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Distinctive compositions are observed
in Spanish and Brazilian propolis, influenced
by their specific botanical sources. Spanish
propolis, likely derived from olive trees,
contains compounds like vanillic acid,
1-acetoxypinoresinol, elenolic acid mono-
aldehyde, and oleuropein-aglycone di-aldehyde
(Navarro-Pérez et al. 2021, Fernandez-Calderon
et al. 2021). Brazilian red propolis, primarily from
Dalbergia ecastophyllum plants, has a unique
profile including (3S)-vestitol, medicarpin,
benzoic acid, and liquiritigenin (Rufatto et al.
2018). Additionally, Silva et al. (2019) identified
red flavonones, xanthones, pentacyclic
triterpenoids, and leucoanthocyanidins in red
propolis. Figure 2 shows the main components
of propolis with antimicrobial activity and the
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number of regions where each was identified,
and Figure 3 illustrates the molecular structures
of these compounds.

Considering these findings, we acknowledge
the limitations inherent in characterizing
propolis composition from limited studies within
each region. Propolis composition can vary even
within the same country due to local botanical
sources and environmental factors. We suggest
that further studies covering multiple localities
within each country would be beneficial to
establish a more representative understanding
of regional propolis compositions.

Interestingly, despite the common
association of Apis mellifera with propolis
production, Barreiras et al. (2020) and Campos
et al. (2023) conducted studies on propolis

Distribution of Antimicrobial Compounds in Propolis by Region

Pinocembrin
Quercetin
Chrysin
Galangin
Apigenin
Caffeic acid
CAPE

Ferulic acid
Benzoic acid

Cinnamic acid

Antimicrobial Compounds

Salicylic acid

Kaurenoic acid
3-Phenyl-p-coumaric acid
Xanthomicrol

Liquiritigenin

3 4 5 6
Number of Regions

Figure 2. Main antimicrobial components of propolis and the frequency of their identification across different
regions. The bar chart highlights the diversity of propolis compounds with antibacterial and antifungal properties,

reflecting regional variation in chemical composition.

An Acad Bras Cienc (2025) 97(3) €20241302 10 | 21



GLENDA L. LAZO et al.

produced by the stingless bee Tetragonisca
fiebrigi collected from the state of Sao Paulo and
Mato Grosso do Sul, Brazil, respectively. According
to Campos et al. (2023), the propolis from these
bees exhibited phenolic compounds, alcohol,
andterpenesasits majorclass compounds. Later,
the same group of authors (Campos et al. 2023)
investigated propolis produced by Melipona
quadrifasciata anthidioides and Scaptotrigona
depilis bees in Brazil. These propolis samples,
designated as EEP-M and EEP-S, respectively,
displayed a composition rich in phenolic
compounds, flavonoids, and triterpenes. This
highlights the diversity of propolis compositions
influenced by different bee species and their
foraging habits and underscores the potential
of exploring propolis from various bee sources
as an option in the search for new therapeutic
alternatives.

Furthermore, mineral ion content varies
across different geographic regions, as
highlighted by Moghim et al. (2021) in Iranian
propolis, which contains silver, mercury,
copper, manganese, iron, and vanadium,
and by Salamanca-Grosso et al. (2022) in

Ry’
o ®
Rs O

Pinocembrin: Rs=0H; R;=0H; R4=H
Liquiritigenin: Rs=H; R,=0OH; R4=0OH

O-R
Caffeic acid: R=H; Ry=OH; R,=OH

Caffeic acid phenylethyl ester (CAPE): R=
Ferulic acid: R=H;R,=0OMe;R,=0OH w
Cinnamic acid: R=H;R{=H;R,=H

3-phenyl-p-coumaric acid: R=H,; R1=©;R2=OH

;R4=OH;R,=OH
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Colombian propolis, which contains calcium,
iron, potassium, magnesium, and manganese,
reflecting the influence of environmental factors
on propolis composition.

Theyield of phenolic compounds in propolis
is closely linked to the extraction method
used, as shown in the Figure 4. Hydroalcoholic
extraction (Silva et al. 2012, Moncayo Lujan
et al. 2018, Cibanal et al. 2019, Petruzzi et al.
2020, Barreiras et al. 2020), and ultrasound-
assisted extraction (Moncayo Lujan et al. 2018,
Sokolonski et al. 2021) methods are particularly
effective, resulting in the highest relative yields
of phenolic compounds, with ultrasound pre-
treatment enhancing specific compounds such
as isoflavones and kaempferol (Sokolonski et al.
2021). In contrast, aqueous extraction produces
significantly lower yields of active phenolic
components (Bucio-Villalobos & Martinez-
Jaime 2017). Ethanolic extraction remains widely
utilized (Bastos et al. 2011, Alves Ferreira Bastos
et al. 2011, Probst et al. 2011, Dantas de Almeida
et al. 2012, Barbosa et al. 2014, Benhanifia et
al. 2014, Campos et al. 2015, Joya et al. 2017,
Maureira et al. 2017, Al-Ani et al. 2018, Veloz

Rs O

Quercetin: R3=OH;R5=0H;Rs=H;R;=0H;Rg=H;R3-=0OH;R4=0H
Chrysin: R3;=H;R5=0H;Rg=H;R;,=OH;Rg=H;R3=H;R,4=H

Galangin: R3=0OH; Rs=0OH; Rg=H; R;=OH;Rg=H;R5=H;R4=H
Apigenin: R3;=H;R5=0H;Rs=H;R;=0OH;Rs=H;R5=H;R,=0H
Xanthomicrol: Rz=H;R5=0OH;Rs=0OMe;R;=OMe;Rg=0OMe;R3-=H;R,=0OH

O._OH

. H
Benzoic acid: R=H ‘COOH
Salycilic acid: R=OH ent-Kaurenoic acid

Figure 3. Molecular structures of various compounds found in propolis with known antibacterial activity.

An Acad Bras Cienc (2025) 97(3) 20241302 111 21



GLENDA L. LAZO et al.

et al. 2019, Silva et al. 2019, Correa et al. 2020,
Rodriguez-Perez et al. 2020, Mateo Aldama et
al. 2020, Navarro-Pérez et al. 2021, Fernandez-
Calderdn et al. 2021, Papp et al. 2021, Moghim
et al. 2021, Sokolonski et al. 2021, Salamanca-
Grosso et al. 2022, Campos et al. 2023), offering
a moderate yield, while methanolic extraction is
efficient for certain polar compounds, such as
flavonoid aglycones (Rivera-Yahez et al. 2022).
Additionally, chloroform and ethyl acetate were
noted to effectively fractionate antimicrobial
components in specific studies (Sa-Eed et al.
2023).

Nevertheless, the quality of propolis can be
compromised by impurities, including beeswax
residue,water,ash,and mechanicalcontaminants
such as remnants of vegetation or bees, dyes,
and vegetable powder (Checalla-Collatupa &
Sanchez-Tito 2021, Rivera-Yanez et al. 2022). The
beeswax content is subject to various factors
such as collection time, beekeeper handling,
propolis-producing bee species, and extraction
method. Higher humidity levels may encourage
mold and yeast growth, while ash content
is linked to metallic contaminants like lead,
iron, and copper (Rodriguez-Perez et al. 2020).
In Brazil, the “Identity Regulation and Quality
of Propolis Extract” outlined in Instruction n°
03, dated January 19, 2001, seeks to define the
identity of Brazilian propolis extract and set
minimum quality standards for both domestic
and international trade (Rufatto et al. 2018).
Among these standards is the requirement for
a minimum phenolic compound content, set at
0.50% (w/w).

Antibacterial activity of propolis

The antibacterial impact of propolis varies
between Gram-negative and Gram-positive
bacteria, primarily owing to distinctions in
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the structure and arrangement of the cell wall
(Bastos et al. 2011, Silva et al. 2012, Barbosa et al.
2014, Campos et al. 2015, Ristivojevic et al. 2016,
Barreiras et al. 2020, Sa-Eed et al. 2023) although
the action is more pronounced against Gram
positive bacteria (Alves Ferreira Bastos et al.
2011, Silva et al. 2012, 2019, Benhanifia et al. 2014,
Rufatto et al. 2018, Bucio-Villalobos & Martinez-
Jaime 2017, Rodriguez-Perez et al. 2020, Barreiras
et al. 2020, Salamanca-Grosso et al. 2022, Sa-
Eed et al. 2023). The antibacterial activity may
be attributed to multiple targets, with various
constituents (phenolic compounds, diterpenes,
and flavonoids) acting synergistically, as shown
in Figure 5.

In the context of biofilms, which shield
microorganisms within a matrix of polymeric
substances, including those formed by
Streptococcus mutans, apigenin and
pinocembrin found in propolis are suggested
to disrupt the activity of glucosyltransferase
(GTF) enzymes (Veloz et al. 2019, Checalla-
Collatupa & Sanchez-Tito 2021). The GTF C
enzyme is responsible for producing both water-
insoluble and soluble glucans (dextran), while
GTF D exclusively synthesizes water-soluble
glucans. These glucans, particularly the water-
insoluble mutan, are believed to play a crucial
role in promoting adhesion and colonization
of the organism. Moreover, they are thought to
mediate protection against antimicrobial agents
and confer resistance to toxic compounds
(Thurnheer et al. 2006). Furthermore, a study by
Navarro-Pérez et al. (2021) demonstrated that the
Spanish propolis extract, characterized by high
polyphenol content, especially in the flavonoid
class, and containing unique compounds as
vanillic acid, 1-acetoxypinoresinol, p-HPEA-EA,
and 3,4-DHPEA-EDA, inhibited the formation of
mono and double species biofilms of S. mutans

An Acad Bras Cienc (2025) 97(3) €20241302 12 | 21



GLENDA L. LAZO et al.

PROPOLIS ANTIMICROBIAL POTENTIAL: A REVIEW

Correlation between Extraction Method and Yield of Phenolic Compounds in Propolis

Ethanolic Extraction |

Hydroalcoholic Extraction f

Methanolic Extraction |

Chloroform & Ethyl Acetate |

Extraction Method

Ultrasound-Assisted Extraction [

Aqueous Extraction

0 20

40 60 80

Relative Yield of Phenolic Compounds (%)

Figure 4. Correlation between various extraction methods and the relative yield of phenolic compounds in
propolis. Hydroalcoholic and ultrasound-assisted extractions demonstrate superior effectiveness, yielding the
highest concentrations of phenolic compounds and highlighting their potential for optimizing bioactive compound
recovery. In contrast, aqueous extraction results in significantly lower yields, underscoring the importance of
selecting an appropriate extraction method to maximize the therapeutic potential of propolis.

and Streptococcus sanguinis. Additionally,
scanning electron microscopy (SEM) images
revealed significant clustering among S.
sanguinis cells, while S. mutans produced
relatively homogeneous biofilms (Navarro-Pérez
et al. 2021).

Antifungal activity of propolis

The antifungal mechanisms of propolis
phenolic compounds are detailed in Figure 6.
These compounds interfere with fungal cell
structures—targeting the cell wall, plasma
membrane, and mitochondria—leading to
increased permeability, ion leakage, apoptosis,
and secondary necrosis, ultimately inhibiting
fungal growth (Campos et al. 2015, Rufatto et
al. 2018, Correa et al. 2020, Petruzzi et al. 2020,
Rodriguez-Perez et al. 2020, Sokolonski et al.
2021, Fernandez-Calderon et al. 2021, Mateo
Aldama et al. 2020, Campos et al. 2023, Rivera-
Yaniez et al. 2022).

The antifungal efficacy of propolis primarily
arises from its phenolic compounds (Correa et
al. 2020, Sokolonski et al. 2021, Campos et al.
2023). These compounds thwart fungal growth
by interacting with the cell wall (Rufatto et
al. 2018, Correa et al. 2020, Rodriguez-Perez et
al. 2020, Rivera-Yanez et al. 2022), and plasma
membrane (Fernandez-Calderon et al. 2021),
leading to heightened permeability and
produces extravasation of sodium, potassium
and hydrogen ions, causing the fungus to
die (Campos et al. 2015, Correa et al. 2020,
Rodriguez-Perez et al. 2020, Mateo Aldama et al.
2020, Campos et al. 2023). At the mitochondrial
level, they induce alterations in the electron
transport chain, ultimately triggering apoptosis
(Campos et al. 2015, Petruzzi et al. 2020, Correa et
al. 2020); prolonged exposure exacerbates this
effect, resulting in secondary necrosis (Petruzzi
et al. 2020). It also prevents the morphological
transition from yeast to filamentous forms
(Fernandez-Calderon et al. 2021, Rivera-Yanez
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Membrane Damage
Galangin, Pinocembrin

1. Plasma Membrane Permeability

DNA Gyrase Inhibition
Quercetin, Rutin

2. DNA Synthesis Inhibition

ATP Synthesis Inhibition
Kaurenoic Acid

3. ATP Metabolism Disruption

Protein Synthesis Inhibition
Chrysin, Naringenin

4. Protein Synthesis Interference

Figure 5. Antibacterial action of propolis based on the findings of Silva et al. (2012), Barbosa et al. (2014),
Campos et al. (2015), Ristivojevic et al. (2016), Moncayo Lujan et al. (2018), Veloz et al. (2019), Petruzzi et al.
(2020), Rodriguez-Pérez et al. (2020), Navarro-Pérez et al. (2021), Sa-Eed et al. (2023), and Campos et al. (2023).
Propolis components, particularly phenolic compounds, interact with bacterial cell structures through multiple
mechanisms. Key actions include damage to the plasma membrane, DNA gyrase inhibition, disruption of

ATP synthesis, and interference with protein synthesis. These combined actions hinder bacterial growth and
demonstrate the potential of propolis as an antibacterial agent.

et al. 2022), impedes cell growth and biofilm
formation (Correa et al. 2020, Rodriguez-Perez
et al. 2020, Sokolonski et al. 2021), and activates
the metacaspase pathway for cell death.
Furthermore, propolis stimulates reactive oxygen
species (ROS) generation (Correa et al. 2020,
Fernandez-Calderon et al. 2021, Rivera-Yanez et
al. 2022), and interferes with calcium signaling
pathways (Campos et al. 2015, Rivera-Yanez et al.
2022), enhancing its antifungal efficacy.

When Cryptococcus neoformans was
exposed to Mexican propolis, containing 22.7% =
0.007 of phenolic compounds, notable changes
in morphology were observed, including a
decrease in size (average of 2186 um), the
formation of pores (average of 0.651 um), and

invaginations on the surface of the yeast (Mateo
Aldama et al. 2020).

Alterations in the cell surface of Candida
albicans were observed, attributed to the
interaction between sulfhydryl compounds of
yeastwith propolis, mimicking imidazoles (Mateo
Aldama et al. 2020). Furthermore, compounds
such as caffeic acid, flavonoids and phenolic
esters from Mexican propolis (specifically from
the Cuautitlan region) showed inhibition of
the germ tube and changes in the cell wall of
C. albicans (Mateo Aldama et al. 2020). Rivera-
Yanez et al. (2022) reported that Mexican propolis
exhibited inhibition of germ tube formation
within a range of 19 yg/mL to 1290 pg/mL. The
ability of propolis samples to inhibit germ tube
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Propolis Components
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Cell Wall Interaction
Increased Permeability

1. Cell Wall Interaction

Plasma Membrane Disruption
lon Extravasation (Na+, K+, H+)

2. Plasma Membrane Disruption

Inhibition of Morphological Transition
Yeast to Filamentous Form

3. Morphological Transition Inhibition

Disruption of Growth & Differentiation
Biofilm Formation Inhibition

Mitochondrial Alteration
Electron Transport Disruption

5. Mitochondrial Alteration

Induction of Cell Death
Metacaspase Pathway

6. Metacaspase Pathway Activation
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| Triggered by Prolonged Exposure
|
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and Calcium Signaling Disruption
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Figure 6. Antifungal action of propolis based on the studies of Campos et al. (2015), Rufatto et al. (2018), Correa
et al. (2020), Petruzzi et al. (2020), Rodriguez-Pérez et al. (2020), Sokolonski et al. (2021), Fernandez-Calderdn et
al. (2021), Mateo Aldama et al. (2020), Campos et al. (2023), and Rivera-Yanez et al. (2022). Propolis components,
particularly phenolic compounds, exert antifungal effects by interacting with the cell wall, increasing its
permeability; disrupting the plasma membrane, causing ion leakage (Na+, K+, H+); and altering mitochondrial
function, which interferes with the electron transport chain and energy production. Prolonged exposure can also
induce apoptosis, followed by secondary necrosis. These combined actions underscore propolis’s potential as a

powerful antifungal agent.

growth suggests promising potential in the
search for novel antifungal agents. This process
marks the initial stage for C. albicans to initiate
pathogenic behavior, limiting their full range of
pathogenic mechanisms.
Rivera-Yanezetal.(2022)also highlighted that
pinocembrin demonstrates antifungal activity,
which is associated with a decrease in the cell
surface hydrophobicity of C. albicans as well as
decreased ALS3 (Agglutinin-Like Sequence, gene
encoding cell-wall proteins), and ACT1 (ACTin,
genethatencodingactin) messenger Ribonucleic
Acid (mRNA) levels. Indeed, the chemical

configuration of pinocembrin, particularly the
hydroxy group at the five position, the ketone
group at the four position, and the six-member
condensed with benzene, plays a crucial role
in its inhibitory effect on biofilm formation.
Furthermore, Andrade-Pavon et al. (2022) have
reported that naringenin and naringin exhibit
an anti-Candida effect and can recognize and
binding to enzymes such as topoisomerase Il in
Candida sp. Itis worth noting thattopoisomerase
Il plays a crucial role in the dynamics of gene
expression, as this enzyme is necessary for the
correct unwinding and compaction of DNA, and

An Acad Bras Cienc (2025) 97(3) 20241302 15 | 21



GLENDA L. LAZO et al.

therefore, for its replication (Andrade-Pavon et
al. 2022). Kaempferol has also been reported as
an inhibitor of fluconazole-resistant C. albicans
strains, with Minimal Inhibitory Concentration
(MIC) ranging from 128-256 pg/mL. The
mechanism underlying the inhibitory effect of
this flavonoid is associated with a reduction in
the expression of the Candida Drug Resistance
genes (CDR1/CDR2, genes encoding membrane
transport proteins of the ABC transporter) and
Multidrug Resistance (MDR1) genes, which are
involved in fluconazole resistance in C. albicans
by controlling the positive regulation of the
multidrug efflux pump (Shao et al. 2016).

Regarding Malassezia pachydermatis,
morphologicalchangeshavebeendemonstrated,
transitioningfrom ovoidtospherical with alumpy
appearance, accompanied by the formation of
invaginations and perforations in the cell wall.
In more severe cases, cell destruction occurred,
attributed to the presence of pinocembrin
and benzoic acids, which induce cell lysis and
destruction (Mateo Aldama et al. 2020)

According to Papp et al. (2021), the
components exhibiting the highest antifungal
activity in poplar-type propolis samples were
chrysin (a flavone/polyphenolic flavonoid),
genistein (an isoflavone), ethyl gallate (a
carboxylic acid), caffeic acid (a cinnamic acid),
and caffeic acid ethyl ester (a hydroxycinnamic
acid/polyphenol). The antifungal activity of
Brazilian green propolis extract has been
attributed in part to artepillin C, a derivative
of cinnamic acid, while red propolis ethanolic
extracts have been linked to formononetin
(Sokolonski et al. 2021).

The selected studies often overlooked the
sensitivity of propolis to antifungal biofilms
(Fernandez-Calderon et al. 2021, Navarro-Pérez
etal. 2021, Papp et al. 2021, Sokolonski et al. 2021).
Compounds found in propolis extracts, such as
vanillin, 4-coumaric acid, and methyl ferulate,
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have demonstrated efficacy in inhibiting fungal
biofilm formation, especially those formed by
Candida albicans (Papp et al. 2021). Furthermore,
previous study indicated that red propolis
extract from Bahia, Brazil, has been found to
inhibit biofilm formation in clinical isolates of
dental stomatitis caused by C. albicans, Candida
dubliniensis, and Candida tropicalis (Sokolonski
etal.2021) potentially due to high concentrations
of formononetin, although the possibility of
synergistic action between all components has
not been ruled out (Sokolonski et al. 2021).

Due to the crucial role biofilms play in
infections associated with implanted medical
devices such as catheters and prostheses,
Fernandez-Calderdn et al. (2021) and Sokolonski
et al. (2021) highlight the importance of
investigating alternative therapies utilizing
natural products like propolis. The former
proposes investigating propolis extract for
coating biomaterials to potentially improve
their efficacy on prosthetic devices, while the
latter underscores that the synergistic effect
of red propolis with fluconazole suggests its
potential as an adjunct to conventional therapy.
Furthermore, there is significant potential
for propolis and its constituents to be used
as antimicrobial agents, warranting further
exploration as alternatives for the treatment of
bacterial and fungal infections.

Another promising strategy to enhance
antimicrobial activity is to combine propolis
with essential oils or antibiotics. Studies
have demonstrated synergistic effects when
propolis extract from Ireland is combined
with antibiotics like vancomycin, oxacillin, or
levofloxacin, amplifying their efficacy against
various resistant bacterial strains as Methicillin-
resistant Staphylococcus aureus (MRSA) and
Vancomycin-resistant enterococci (VRE) (Al-
Ani et al. 2018). This approach highlights the
potential of integrating natural compounds with
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conventional treatments, opening new avenues
in the fight against antimicrobial resistance.

Methods for in vitro detection and standar-
dization of antimicrobial activity in propolis
research
The selected studies also highlighted the
issue of limited accuracy in identifying clinical
isolates. Currently, the most advanced method
for microorganism identification is the matrix-
assisted laser desorption time of flight mass
spectrometry (MALDI TOF MS) technique (Han et
al. 2021). However, sequencing remains a widely
utilized and accepted scientific methodology
in laboratories. Sokolonski's study specifically
mentioned the use of DNA sequencing of
Internal Transcribed Spacer (ITS) and nuclear
large subunit rDNA (LSU) regions for identifying
Candida isolates. This emphasis on precise
identification sets the stage for exploring
complementary approaches to combat
antimicrobial resistance

Variability in tested cellular concentrations
presents a significant challenge when comparing
studies. The research conducted by Petruzzi et al.
(2020) highlights the dependence of propolis's
antimicrobial effect on cell concentration. In
the studies reviewed, bacterial concentrations
ranged from 10 (Campos et al.,, 2015) to 10°
colony-forming unit (CFU) per milliliter (mL)
(Bucio-Villalobos & Martinez-Jaime 2017), while
fungal cell concentrations varied from 10° (Veloz
et al. 2019, Correa et al. 2020, Navarro-Pérez et
al. 2021, Papp et al. 2021, Moghim et al. 2021,
Sokolonski et al. 2021) to 10° conidia/mL (Joya
et al. 2017). This variability in inoculum may
affect the proportion of available antimicrobial
molecules per-target, influencing the effective
antimicrobial concentration relative to the
number of cells in the medium (Li et al. 2017).

In the field of antimicrobial research,
ensuring consistency and reliability is crucial,
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and regulatory agencies like the Clinical and
Laboratory Standards Institute (CLSI) and
the European Committee for Antimicrobial
Susceptibility Testing (EUCAST) play a pivotal
role in standardizing susceptibility testing.
These guidelines address parameters such
as inoculum size, incubation conditions, and
interpretation criteria. Despite recommendations
for methodologies like macrodilution and disk
diffusion, the broth microdilution technique
is considered the gold standard for assessing
susceptibility to antimicrobials. However, a
notable concern emerged during the review
of selected articles, revealing frequent non-
compliance with these established standards.
This lack of adherence introduces significant
variability, making it challenging to compare
and extrapolate results across different
studies. This underscores the importance
of promoting adherence to standardized
testing protocols in scientific research. Among
the studies in this review, only few studies
followed CLSI recommendations, employing
broth microdilution (Al-Ani et al. 2018, Veloz
et al. 2019, Correa et al. 2020, Barreiras et al.
2020, Navarro-Pérez et al. 2021, Papp et al. 2021,
Moghim et al. 2021, Sokolonski et al. 2021), and
broth macrodilution (Barbosa et al. 2014, Mateo-
Aldama et al. 2020, Sa-Eed et al. 2023), with none
citing EUCAST recommendations. Groups with a
background in microbiological studies tended
to align their research with regulatory agency
recommendations, unlike studies conducted
by professionals in the chemical field. To
bridge this gap, could enhanced collaboration
between microbiology experts and chemistry
professionals prove beneficial?

CONCLUSIONS

The diverse chemical composition of propolis,
influenced by botanical sources, geographic
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regions, and extraction methods, highlights the
importance of understanding these variations
to optimize its therapeutic potential. Propolis
exhibits strong antibacterial properties,
especially against Gram-positive bacteria, and
hasshown efficacyininhibitingbiofilmformation,
including that of S. mutans, suggesting potential
applications in infection control and oral health.
Its antifungal activity, largely due to phenolic
compounds, operates through mechanisms
affecting cell walls, membranes, and cellular
processes, with promising applications for
treating fungal infections and preventing biofilm
formation on medical devices. Furthermore,
investigating synergistic combinations of
propolis with antibiotics or essential oils may
offer an effective strategy against antimicrobial
resistance. To enhance the reliability and
comparability of propolis research, adherence
to standardized antimicrobial susceptibility
testing protocols from regulatory agencies is
essential. Future studies should prioritize these
standardizations and explore the therapeutic
potential of propolis in integrated treatments.
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