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Objectives: The aim of this systematic review was to gather studies that use propolis extract 

to control antimicrobial activity and evaluate its activity in vitro against major periodonto-

pathogens.

Methods: A search of the PubMed/MEDLINE, Scielo, Lilacs, Science Direct, Cochrane, SCOPUS, 

Web of Science, and gray literature (Google Scholar and OpenGrey) databases was performed, 

complemented by a manual search. Articles meeting the following criteria were included: 

in-vitro studies that evaluated the action of propolis against at least one periodontopathogen.

Results: The database search resulted in 1473 articles. After analysis of the titles and ab-

stracts, 179 articles were duplicated, and 18 were selected for full-text screening, of which 

five were excluded. The manual search resulted in one article. This systematic review com-

prised 13 articles. Porphyromonas gingivalis appeared in all studies, and propolis showed an 

antibacterial effect, demonstrating the minimum inhibitory concentration.

Conclusions: The propolis extract shows an effective antimicrobial activity on the peri-

odontal pathogenic bacteria and may be a viable therapeutical option for the modula-

tion of periodontitis. More studies are important to analyze the cytotoxic effects of 

different concentrations on gingival fibroblasts. (Rev Port Estomatol Med Dent Cir Max-

ilofac. 2024;65(1):3-14)
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r e s u m o

Atividade antibacteriana in vitro do extrato de própolis contra bactérias 
periodontopatogénicas: uma revisão sistemática

Palavras-chave:

Doença periodontal

Porphyromonas gingivalis

Própolis

Revisão sistemática

Objetivos: O objetivo desta revisão sistemática foi reunir estudos que utilizam o extrato de 

própolis para o controlo da atividade antimicrobiana e avaliar sua atividade in vitro contra 

os principais periodontopatógenos.

Métodos: Foi realizada uma busca nas bases de dados PubMed/MEDLINE, Scielo, Lilacs, Scien-

ce Direct, Cochrane, SCOPUS, Web of Science e na literatura cinzenta (Google Scholar and 

OpenGrey), complementada por uma busca manual, e foram incluídos artigos que atende-

ram aos critérios: estudos in vitro que avaliaram a ação da própolis contra pelo menos um 

periodontopatógeno.

Resultados: A busca na base de dados resultou em 1473 artigos. Após análise dos títulos e 

resumos, 179 artigos estavam duplicados, 18 artigos foram selecionados para triagem do 

texto completo e cinco deles foram excluídos. A busca manual resultou em um artigo. Esta 

revisão sistemática compreendeu 13 artigos. A Porphyromonas gingivalis apareceu em todos 

os estudos e a própolis apresentou efeito antibacteriano demonstrando a partir da concen-

tração inibitória mínima.

Conclusões: O extrato de própolis apresenta atividade antimicrobiana efetiva sobre as bac-

térias patogénicas periodontais, podendo ser uma opção terapêutica viável para a modula-

ção da periodontite. Mais estudos são importantes para analisar os efeitos citotóxicos de 

diferentes concentrações nos fibroblastos gengivais. (Rev Port Estomatol Med Dent Cir Ma-

xilofac. 2022;65(1):3-14)
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Publicado por SPEMD. Este é um artigo Open Access sob uma licença CC BY-NC-ND 

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Periodontal disease is a biofilm-induced chronic inflammatory 
disorder.1-3 Its primary cause is the bacterial biofilm that trig-
gers an inflammatory response, causing irreversible damage to 
periodontal tissues and consequent tooth loss if untreated.4,5 
Thus, one of the aims of periodontal treatment is to reduce the 
number of pathogenic microorganisms in contact with perio-
dontal tissues,2 including orange and red complex pathogens 
such as Porphyromonas gingivalis, Prevotella intermedia, Fusobac-
terium nucleatum, and Aggregatibacter actinomycetemcomitans.3

Non-surgical periodontal treatment is based on mechani-
cal debridement,6 which is combined with subgingival irriga-
tion to eliminate bacteria and improve its outcome.4,7,8 Peri-
odontology is particularly concerned with using natural 
compounds, and propolis extract is an example found in solu-
tions for subgingival irrigation. In-vitro studies have shown 
the susceptibility of periodontopathogenic microorganisms to 
solutions prepared from propolis extract.8

Propolis is the generic name for a type of glue, a complex 
resinous material that bees collect from the buds and exudates 
of plants to construct and repair honeycombs.4 Several biolog-
ical activities have been attributed to propolis, including anti-
fungal, antibiotic, antiprotozoal, antiviral, antitumor, and an-
ti-inflammatory properties.5 The main chemical classes in 
propolis are flavonoids and phenolic and aromatic compounds, 
while volatile oils, terpenes, and bee wax do not significantly 
contribute to its properties or chemical effects.4,5,9-11

Despite the increasing use of propolis worldwide, few stud-
ies have evaluated the inhibitory activity of propolis against 
important dental pathogenic anaerobic bacteria, such as peri-
odontopathogenic bacteria.9-11 The objective of this systemat-
ic review was to gather studies that used propolis extract to 
control antimicrobial activity and evaluate its in-vitro activity 
against major periodontopathogens.

Material and Methods

This report complies with the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses.12 The protocol was 
not registered, given the nature of the investigated population.

A search was performed on the PubMed/MEDLINE, Scielo, 
Lilacs, Science Direct, Cochrane, SCOPUS, and Web of Science 
databases, complemented by a manual search. We also 
searched the gray literature in Google Scholar and OpenGrey 
using appropriate strategies; only the first 100 articles of the 
Google Scholar search were analyzed. We searched for pub-
lished studies evaluating the antimicrobial activity of propolis 
extract against at least one type of periodontopathogenic bac-
teria, using other substances already known as a comparison. 
There were no language and time restrictions. The search was 
updated in January 2023. The search strategies are described 
in Table 1.

The eligibility criteria were as follows: in-vitro studies eval-
uating the action of propolis against Porphyromonas gingivalis; 
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studies evaluating the antimicrobial activity of propolis using 
the minimum inhibitory concentration (MIC); studies whose 
full text was available. The exclusion criteria were in-vivo stud-
ies, case reports, case series, literature reviews, and systemat-
ic reviews. There was no language restriction for the search 
and inclusion of articles.

Two researchers (J. G. A. M. and D. M. S.) independently 
preselected the studies using the eligibility criteria to analyze 
the titles and abstracts. We first performed a calibration exer-
cise with 20% of the retrieved studies, which confirmed the 
reviewers’ ability to analyze the remaining titles and abstracts 
to preselect articles. Then, they read the full text of the studies 
preselected, and those that met the eligibility criteria were 
included in the review. In case of disagreement between the 
two researchers, a third reviewer (S. C. S.) reevaluated the ar-
ticles for possible inclusion in the study.

The following data were extracted from the included stud-
ies: year of publication, author(s), origin of the propolis sam-
ples, method of propolis extraction, oral bacterial strains used, 
and evaluation of antimicrobial activity based on MIC.

The quality of evidence on the included publications was 
assessed using the Database of Abstract of Reviews of Effects 
(DARE) tool13 and Checklist for Reporting In-vitro Studies 
(CRIS) guidelines.14 Five questions were considered: (i) Was the 
sample size calculation included?; (ii) Were sample prepara-
tion and handling adequate?; (iii) Were the samples random-
ized?; (iv) Was there blinding?; (v) Was a correct statistical test 
used? The interpretation for scoring “yes,” “partially,” and “no” 
is described in Figure 1. Two independent researchers (J. G. A. 
M. and D. M. S.) performed the quality assessment process and 
tried to resolve any dispute via discussion. If necessary, a third 
reviewer (S. C. S.) was consulted to reach a consensus.

Table 1. Search strategy used for the electronic databases.

Database Search Strategy

Medline through PubMed  
(http://www.ncbi.nlm.nih.gov/pubmed)

(“propolis”[MeSH Terms] OR “propolis”[All Fields] OR (“flavonoidal”[All Fields] OR “flavonoide”[All 
Fields] OR “flavonoides”[All Fields] OR “flavonoidic”[All Fields] OR “flavonoids”[MeSH Terms] OR 
“flavonoids”[All Fields] OR “flavonoid”[All Fields]) OR (“flavonoids”[MeSH Terms] OR “flavonoids”[All 
Fields] OR “bioflavonoid”[All Fields] OR “bioflavonoids”[All Fields])) AND (“periodontal”[All Fields] 
OR “periodontally”[All Fields] OR “periodontically”[All Fields] OR “periodontics”[MeSH Terms] OR 
“periodontics”[All Fields] OR “periodontic”[All Fields] OR “periodontitis”[MeSH Terms] OR 
“periodontitis”[All Fields] OR “periodontitides”[All Fields] OR (“periodontal diseases”[MeSH Terms] 
OR (“periodontal”[All Fields] AND “diseases”[All Fields]) OR “periodontal diseases”[All Fields] OR 
(“periodontal”[All Fields] AND “disease”[All Fields]) OR “periodontal disease”[All Fields]) OR 
(“porphyromonas gingivalis”[MeSH Terms] OR (“porphyromonas”[All Fields] AND “gingivalis”[All 
Fields]) OR “porphyromonas gingivalis”[All Fields]) OR ((“periodontal”[All Fields] OR 
“periodontally”[All Fields] OR “periodontically”[All Fields] OR “periodontics”[MeSH Terms] OR 
“periodontics”[All Fields] OR “periodontic”[All Fields] OR “periodontitis”[MeSH Terms] OR 
“periodontitis”[All Fields] OR “periodontitides”[All Fields]) AND (“therapeutics”[MeSH Terms] OR 
“therapeutics”[All Fields] OR “treatments”[All Fields] OR “therapy”[MeSH Subheading] OR 
“therapy”[All Fields] OR “treatment”[All Fields] OR “treatment s”[All Fields]))) AND ((“anti infective 
agents”[Pharmacological Action] OR “anti infective agents”[MeSH Terms] OR (“anti infective”[All 
Fields] AND “agents”[All Fields]) OR “anti infective agents”[All Fields] OR “antimicrobial”[All Fields] 
OR “antimicrobials”[All Fields] OR “antimicrobially”[All Fields]) AND (“activable”[All Fields] OR 
“activate”[All Fields] OR “activated”[All Fields] OR “activates”[All Fields] OR “activating”[All Fields] 
OR “activation”[All Fields] OR “activations”[All Fields] OR “activator”[All Fields] OR “activator s”[All 
Fields] OR “activators”[All Fields] OR “active”[All Fields] OR “actived”[All Fields] OR “actively”[All 
Fields] OR “actives”[All Fields] OR “activities”[All Fields] OR “activity s”[All Fields] OR “activitys”[All 
Fields] OR “motor activity”[MeSH Terms] OR (“motor”[All Fields] AND “activity”[All Fields]) OR 
“motor activity”[All Fields] OR “activity”[All Fields]))

Science Direct  
(https://www.sciencedirect.com/), 
OpenGrey  
(http://www. opengrey.eu/)

(propolis OR flavonoids OR bioflavonoids) AND (periodontitis OR periodontal disease OR 
porphyromonas gingivalis OR periodontal treatment) AND (antimicrobial activity)

Scopus
(http://www.scopus.com/)

TITLE-ABS-KEY ((propolis OR flavonoids OR bioflavonoids) AND (periodontitis OR periodontal AND 
disease OR porphyromonas AND gingivalis OR periodontal AND treatment) AND (antimicrobial 
AND activity))

Web of Science  
(http://webofknowledge.com/)

((propolis OR flavonoids OR bioflavonoids) AND (periodontitis OR periodontal disease OR 
porphyromonas gingivalis OR periodontal treatment) AND (antimicrobial activity))

Scielo  
(www.scielo.org/)

(propolis OR flavonoids OR bioflavonoids) AND (periodontitis OR periodontal disease OR 
porphyromonas gingivalis OR periodontal treatment) AND (antimicrobial activity)

Cochrane  
(https://www.cochranelibrary.com/)

(propolis OR flavonoids OR bioflavonoids) AND (periodontitis OR periodontal disease OR 
porphyromonas gingivalis OR periodontal treatment) AND (antimicrobial activity) in Title Abstract 
Keyword

Lilacs  
(http://lilacs.bvsalud.org/)

(propolis OR flavonoids OR bioflavonoids) [Palavras] and (periodontitis OR periodontal disease OR 
porphyromonas gingivalis OR periodontal treatment) [Palavras] and (antimicrobial activity) [Palavras]

MeSH – Medical Subject Heading.

5rev port estomatol med dent cir maxilofac . Database;65(1) :3-14



Sa
m

pl
e 

si
ze

ca
lc

ul
at

io
n

Sa
m

pl
e 

pr
ep

ar
at

io
n

an
d 

ha
nd

in
g

R
an

do
m

iz
at

io
n

Bl
id

in
g

St
at

is
tic

al
te

st

SHABBIR, RASHID, TIPU (2016)5

SONMEZ et al. (2005)7

SANTOS et al. (2002)9

SANTOS et al. (2003)10

AGARWAL, VEMANARADHYA, MEHTA (2012)11

KORU et al. (2007)18

SANTOS et al. (2002)19

AKCA et al. (2016)20

GEBARA, LIMA, MAYER (2002)21

ODA et al. (2016)22

ÖZEN et al. (2010)23

YOUSHIMASU et al. (2018)24

MIRANDA et al. (2019)25

Yes No Partial

Figure 1. Flow diagram of the search strategy.

Id
en

tif
ic

at
io

n
Sc

re
en

in
g

El
eg

ib
ili

ty
In

cl
ud

ed

1473 of records identified through database searching
PubMed/MEDLINE (n = 153); Scielo (n = 18); Science Direct (n = 1121); 
Scopus (n = 30); Cochrane (n = 10); Lilacs (n = 0); Web of Science (n = 

61); OpenGrey (n = 0) Google Scholar (n = 100)

179 of records after duplicates removed

1294 of records screened 1276 of records excluded

18 of full-text articles 
assessed for eligibilty

5 of full-text articles excluded, with reasons:

- Does not evaluate with periodontopathogens 4,16

- Does not specify which periodontopathogenic 
bacteria are studied 13

- Does not assess antimicrobial activity by MIC 14

- Did not specify the MIC of propolis extract only for 
each periodontopathogen 17

13 of studies included in 
qualitative synthesis

Figure 2. Assessment of the quality of evidence on the included publications using the Database of Abstract of Reviews of 
Effects (DARE) tool and the Checklist for Reporting In-vitro Studies (CRIS) guidelines.
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The risk of bias in the studies included was appraised us-
ing the QUIN method for in-vitro studies.15 Two reviewers (D. 
M. S. and J. G. A. M.) evaluated the QUIN tool’s 12 criteria. Each 
criterion was then assigned a score: 2 for “adequately speci-
fied,” 1 for “inadequately specified,” and 0 for “not specified.” 
Criteria recognized as not applicable were not included in the 
final score. The studies’ risk of bias was considered low when 
the final score was above 70%, medium between 50% and 70%, 
and high below 50%.

Results

The database search resulted in the retrieval of 1473 articles. 
After analysis of the titles and abstracts, 179 duplicated arti-
cles were excluded, and 18 articles were selected for full-text 
screening, of which five were then excluded.4,14-17 Thus, this 
systematic review comprised 13 articles (Figure 2).5,7,9-11,18-25

The studies evaluated the antimicrobial activity of pure 
propolis against Porphyromonas gingivalis and other periodon-
topathogenic bacteria (Prevotella intermedia, Prevotella nigrescens, 
Fusobacterium nucleatum, and Aggregatibacter actinomycetemcom-
itans). They analyzed propolis collected in different regions of 
Brazil and the world, as well as the main oral bacterial strains. 
Table 2 summarizes the propolis samples’ region of origin, 
periodontal bacterial strains, and positive and negative con-
trols used in the microbiological studies.

As indicated in Table 2, the crude propolis samples were 
diluted in ethanol to different concentrations, and the extracts 
were obtained using different techniques. The MIC was the 
lowest extract concentration to inhibit the visible growth of 
the test organism. The agar diffusion test was used in all stud-
ies to describe the MIC of antimicrobial activity.

All 13 articles included evaluated the action of propolis 
extract against P. gingivalis and other periodontopathogenic 
bacteria, including P. Intermedia,5,7,19,21,23 F. Nucleatum,7,10,18,21 A. 
Actinomycetemcomitans,10,11,20,22,25 and P. nigrescens.19,24 One of 
the articles also evaluated the action of propolis extract against 
the growth of C. Albicans.2

Five of the articles included used clinical use antibiotics, 
such as ampicillin,24 amoxicillin with clavulanic acid,5 clinda-
mycin,19 tetracycline,5,10,19,24 meropenem,9,10,19 penicillin,9,19 
metronidazole,5,19 and erythromycin,19 as comparison groups 
regarding propolis extract against the aforementioned micro-
organisms. Articles by Shabbir et al.5 and Santos et al.19 report-
ed the tested bacteria showed resistance to tetracycline5,19 and 
clindamycin,19 but were susceptible to propolis extract. In con-
trast, Santos et al.10 observed that all bacteria analyzed were 
susceptible to the antibiotics used (tetracycline and meropen-
em) and propolis extract.

Chlorhexidine, at 0.12%25 and 0.2% concentrations,20 was 
also used as a comparison. Miranda et al.25 found that propo-
lis extract significantly reduced orange complex species, while 
chlorhexidine was less effective. The same authors reported 
that both propolis extract and chlorhexidine significantly re-
duced the proportions of red complex specimens associated 
with periodontal disease. Akca et al.20 suggested that propolis 
extract would be more effective against P. intermedia than ch-
lorhexidine.

 In the quality of evidence assessment, no study indi-
cated whether the sample calculation was performed or 
whether there was a randomization or blinding process for the 
MIC analysis. However, all studies explained how sample 
preparation and handling were performed and whether a cor-
rect statistical test was used (Figure 2). Table 3 presents, in 
detail, the results of the risk of bias assessment of the studies 
included in this systematic review. All articles included pre-
sented a moderate risk of bias.

Discussion

The present systematic review evaluated studies that used 
propolis to inhibit the microbial activity of oral bacteria. Sev-
eral antimicrobial agents are used as coadjuvants to mechan-
ical therapy in periodontal disease. The choice of propolis was 
based on the increasing attention given to natural products.8 
Among the coadjuvant therapies tested, propolis has shown 
antimicrobial properties, which justifies the investigation of 
this phytotherapeutic agent against periodontopathogenic 
bacteria.

In Santos et al. study,9 P. anaerobius, P. gingivalis, and P. inter-
media were the bacteria most susceptible to propolis, with 
MICs ranging from 128 to 256 μg/ml. Meropenem and penicil-
lin G were used as positive controls, and their MIC ranged from 
0.03 to 8 and 4 μg/ml, respectively. Compared to these values, 
the MICs of the ethanolic extract of propolis and its fractions 
do not appear to be significant. However, the antibacterial ac-
tivity of propolis is highly significant since many of the bacte-
ria tested are resistant to clinically used antibiotics.9

The systemic administration of antimicrobial agents can 
lead to multidrug-resistant microorganisms, transfer of resis-
tance determinants, and side effects. Several studies have 
demonstrated the resistance of bacterial strains to tetracy-
cline. In turn, clinical isolates resistant to tetracycline were 
found to be susceptible to propolis extract. One factor that may 
explain the lack of development of bacterial resistance to 
propolis is the wide variety of active agents in its composition 
associated with the need for synergism among these com-
pounds.5,9,10,18,19,26 These essential characteristics permit prop-
olis to act against diverse oral pathologies, reducing the pre-
scription of antimicrobials and consequent bacterial 
resistance.

Brazilian green propolis with some isolated compounds, 
such as artepillin C, baccharin, and ursolic acid, causes a de-
polarization of the P. gingivalis membrane, making it more per-
meable.23 Yoshimasu et al.24 concluded that the combined 
therapy of Brazilian green propolis ethanolic extract with low 
doses of antibiotics would increase antibiotics’ effectiveness, 
but such synergistic activity should be further studied. The use 
of the Brazilian green propolis ethanolic extract with the main 
antibiotics in addition to periodontal treatment is, therefore, 
an interesting practice to reduce the adverse effects caused by 
antibiotics and their time of administration.

Ethanol extraction is the most popular method for the 
production of propolis extracts.27 Park et al.28 concluded that 
the 80% ethanol extract resulted in the largest quantity of 
flavonoids and that most flavonoids identified were extracted 
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with 60 to 80%. Furthermore, the inhibition of microbial 
growth was considerably higher at this concentration. Based 
on these studies, it would be interesting to standardize the 
concentration of ethanol for propolis extraction in order to 
obtain adequate antimicrobial activity for propolis collected 
in any region.

Propolis extract can be obtained using different tech-
niques. The traditional method is maceration, which is slow, 
requiring 2 to 10 days.29,30 Extraction by ultrasound is faster 
and more efficient.31 It is important to establish the best tech-
nique for extracting samples collected in different regions to 
obtain the highest antimicrobial activity.

The subgingival microbiota is dominated by Gram-nega-
tive rod-shaped bacteria.32 Koru et al.18 observed that the MICs 
of anaerobic Gram-positive bacteria were lower than those of 
anaerobic Gram-negative bacteria; thus, the latter were more 
sensitive to the ethanolic extract of propolis. In contrast, in 
the studies of Akca et al.20 and Grange and Davey,33 the results 
of biofilm analysis did not confirm that finding, as propolis 
was more effective against Gram-positive bacteria. Koru et 
al.18 also found that all anaerobic bacterial strains were sus-
ceptible to the ethanolic extract of propolis, regardless of its 
region of origin.

Oda et al.22 demonstrated a weak inhibitory effect of Bra-
zilian green propolis on A. actinomycetemcomitans. Bacterial 
growth was observed up to the highest concentration of 2,000 
μg/ml, the dose limit that does not cause cytotoxic effects on 
gingival fibroblasts. Sonmez et al.7 found that Australian prop-
olis (non-alcoholic, 30%) and North American propolis (alco-
holic, 20%) effectively inhibited antimicrobial activity, but the 
concentrations tested were cytotoxic to gingival fibroblasts. 
Agarwal et al.11 evaluated Chinese propolis, and the concen-
trations that inhibited oral pathogens, including P. gingivalis, 
were also cytotoxic to gingival fibroblasts.

The studies by Miranda et al.25 and Figueiredo et al.26 show 
that the ethanolic extract of Brazilian red propolis has a sig-
nificant effect on multispecies biofilms of pathogens associ-
ated with periodontal disease and can be a great ally when 
associated with non-surgical periodontal treatment.

The bacteria used in experimental studies can be derived 
from clinical isolates or reference strains. Most papers includ-
ed in this study used reference strains.7,9,11,18,20-24 None of the 
included articles assessed only clinical isolate strains, but the 
studies by Santos et al.9, Santos et al.,10 and Shabbir et al.5 used 
part of bacterial strains from clinical isolates and part of ref-
erence strains.

It is understood that periodontal diseases result from a 
“dysbiotic” biofilm and not directly from the effect of specific 
pathogenic bacteria on the host. However, some key patho-
gens, such as Porphyromonas gingivalis, play an important role 
in the imbalance with the host, increasing the pathogenicity 
of the bacteria in the biofilm and inducing a disease state.34 
This understanding of the polymicrobial dependence of a dys-
biotic biofilm for the emergence of periodontal diseases indi-
cates the need to carry out more experimental studies that use 
a microbial environment similar to those found in individuals 
with periodontal disease. Using isolated strains may not con-
figure an evaluation of the periodontal pathological condition 
close to the real one.

One of this study’s limitations is that the quality of evi-
dence of the studies included in this systematic review was 
not assessed using GRADE because in-vitro studies do not gen-
erate evidence with immediate clinical application. Besides, 
several points analyzed by the GRADE tool cannot be applied 
in a methodology of experimental studies in vitro.

Conclusions

In conclusion, the results show that propolis extract exhibits 
effective antimicrobial activity against the main oral bacteria 
and might be a feasible therapeutic option for the modulation 
of periodontitis, in addition to reducing the use of antibiotic 
therapy for oral pathogens and consequently the risk of bac-
terial resistance. Further studies are important to better un-
derstand the mechanisms of propolis’ anti-inflammatory and 
antimicrobial actions and analyze the cytotoxic effects of dif-
ferent concentrations on gingival fibroblasts.
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