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ABSTRACT

Objective: To provide a detailed summary of advanced formulations of propolis for dental applications, focusing on strategies designed to enhance
its therapeutic efficacy, solubility, stability, and overall clinical utility.

Methods: A comprehensive literature search was conducted using PubMed, Scopus, Web of Science, and Embase databases. Studies were included if
they investigated propolis-based formulations relevant to dentistry, particularly those involving nanoparticles, nanoemulsions, mouth rinses,
liposomes, or propolis incorporated into composites and sealants.

Results: Findings from the reviewed literature indicate that advanced delivery systems significantly improve the solubility, bioavailability, and
biofilm penetration of propolis while prolonging its antimicrobial activity. Nanoparticles and nanoemulsions enhance propolis’s stability and
therapeutic efficacy, whereas formulations such as mouth rinses, liposomes, and dental composites contribute to improved patient compliance, ease
of administration, and usability. Collectively, these approaches support the role of propolis in dental caries prevention and overall oral health
maintenance.

Conclusion: Advanced formulations of propolis successfully overcome limitations related to its natural form by enhancing stability, therapeutic
performance, and patient-friendly delivery. Continued research should focus on clinical validation and the development of standardized propolis

formulations for consistent and effective use in dental practice.
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INTRODUCTION

Dental caries is notable as a significant and persistent public health
issue in dentistry. Customized brushing method, dietary changes
and fluoride use are crucial in preventing carious lesions. Research
indicates that incorporating “MISWAK” with proper technique
alongside tooth brushing benefits both oral and systemic health.
Similarly, various studies have examined the impact of propolis on
the susceptibility of streptococcus mutans, caries formation, and
glycosyl transferase activity in rats, revealing that propolis extract
has cariostatic properties [1]. Additionally, consistent finding from
author demonstrates that propolis extract reduces plaque buildup
on teeth, thereby indirectly decreasing dental caries. Furthermore,
Durate et al. found that the fatty acids in propolis offer a cariostatic
effect by reducing microorganism tolerance to low pH and slowing
acid production [2]. Recently, Nam et al. reported that Brazilian
propolis  exhibits significant antimicrobial effects against
streptococcus mutans in the mouth by inhibiting enzyme activity
and cell division [3]. He also concluded that propolis could serve as a
natural alternative therapy for oral infection without reported side
effects. A study by Cardoso et al. reported that the ethanolic extract
of propolis does not inhibit the demineralization process in carries
[4]. Dental diseases, including dental caries, periodontitis, and oral
infections, remain a significant global health concern, affecting
individuals across all age groups. Conventional therapeutic
approaches, such as mechanical plaque removal and chemical
antiseptics, often have limitations, including incomplete biofilm
eradication, microbial resistance, and potential adverse effects. In
recent years, natural products have garnered attention for their
multifunctional bioactive properties and biocompatibility. Among
these, propolis, a resinous substance produced by bees from plant
exudates, has emerged as a promising candidate in oral healthcare
due to its potent antimicrobial, anti-inflammatory, antioxidant, and
immunomodulatory activities [5].

Despite its therapeutic potential, the clinical translation of propolis
is often hindered by poor solubility, instability, and variability in
composition. To overcome these challenges, advanced drug delivery
systems such as chitosan-based nanoparticles, mucoadhesive
hydrogels, nanoemulsions, and polymeric carriers have been
developed to enhance the bioavailability, stability, and controlled
release of propolis [6]. These formulations not only improve its
efficacy against cariogenic bacteria like Streptococcus mutans but
also offer targeted, sustained, and patient-friendly modes of
application [7].

This review aims to provide a comprehensive overview of propolis
and its advanced formulations in dental applications, summarizing
current evidence on their mechanisms of action, therapeutic
potential, and clinical relevance. By highlighting recent innovations
in formulation strategies, this work seeks to inform future research
and guide the development of effective propolis-based interventions
for dentistry.

MATERIALS AND METHODS

The methodology for this review involved a systematic and
comprehensive approach to evaluate current evidence on propolis
and its advanced formulations in dental applications. A thorough
literature search was conducted across multiple electronic
databases, including PubMed/Medline, Scopus, Web of Science,
Embase, and Cochrane Library, covering studies published up to
September 2025. Keywords such as “propolis,” “dental applications,”
“nanoparticles,” “mucoadhesive formulations,” “drug delivery
systems,” and “biofilm inhibition” were used in combination with
Boolean operators to refine the search. Studies were selected based
on their investigation of propolis as a primary therapeutic agent in
dentistry, particularly those exploring advanced delivery systems
such as nanoparticles, hydrogels, or nanoemulsions, and reporting
outcomes relevant to antimicrobial activity, caries prevention, or
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oral health enhancement. Excluded were review articles, conference
abstracts, editorials, studies not related to dentistry, and
publications lacking full text. Data extraction was performed
independently by two reviewers, capturing details on formulation
type, mode of action, experimental model, and key findings. The
collected data were then qualitatively synthesized to summarize
trends in propolis-based dental formulations, highlighting their
advantages, limitations, and potential clinical applications.

Propolis as intracanal medicaments

Compared the effectiveness of three intracanal medicaments and
propolis against E. faecalis and concluded that propolis as intracanal
medicament inhibited growth and proliferation of E. faecalis and had
right antibacterial efficacy. Awawdeh et al. compared propolis and
calcium hydroxide as intracanal medicament and demonstrated that
propolis was a fine intracanal medicament and reduced E. faecalis
significantly [8]. De Rezende et al., assessed the antimicrobial action
of two pastes containing propolis and calcium hydroxide vs
polymicrobial cultures from root canals of 16 necrotic primary
molars [9]. The agar well-diffusion technique was used to establish
the antimicrobial activity of the following pastes: 11% ethanolic
extract of propolis+calcium hydroxide; and 11.0% extract of
propolis without ethanol+calcium hydroxide. Results indicated that
anti-microbial activity of the latter paste was superior than the
former paste 1 (P=0.053). Overall, however, both pastes exhibited
high antimicrobial activity. They opined that combination of
propolis and calcium hydroxide is efficient to control dental
infections.

Propolis as a treatment for dentin hypersensitivity

Mahmoud and associates have evaluated the efficacy of propolis on
dentin hypersensitivity. Using electron microscopy, they found
propolis occluded the dentinal tubules. The clinical efficacy of casein
phosphor peptide amorphous calcium phosphate fluoride, sodium
fluoride, propolis and distilled water after 8 d, 60 d, and 3 mo of use.
The authors noted that propolis was the most effective material for
managing dentin hypersensitivity. While all materials were superior
than distilled water, they differed in the time of effect over the three
months [10].

Propolis as a pulp capping material

The treatment outcomes were equivalent to those of mineral
trioxide aggregate and calcium hydroxide. The properties of propolis
being resinous and adhesive is effective as it seals dentinal tubules
and possesses anti-inflammatory properties, reducing pulpal
inflammation. Furthermore, Sabir et al. investigated the dental pulp
responses of rats treated with direct pulp capping using propolis.
Nine rats were divided into three groups. Class 1 cavities were
prepared on the occlusal surface of the maxillary right first molars.
The dental pulp was exposed, and either the zinc oxide-based filler,
propolis flavonoids, or propolis non-flavonoids were placed in the
cavities. The study found that dental pulp capping with propolis
flavonoids in rats delayed pulpal inflammation and promoted dentin
regeneration [11].

Propolis for treatment of periodontitis

Murray et al. studied the effect of a mouth rinse with propolis, a
chlorhexidine rinse and a placebo on the formation of microbial
plaques [12]. Chlorhexidine was much more effective than either of
the two other rinses, and prevented plaque formation altogether.
Propolis mouth rinse demonstrated some benefit over that of the
negative control and the difference was not statistically significant.
The difference in the results of these two studies may be attributable
to the difference in methodologies. Koo et al. looked at the efficacy of
amouth rinse containing RS-SNB propolis on dental plaque [13].

Propolis versus other mouthwash

Ozan et al. studied the effectiveness of propolis solutions at different
concentrations (1, 2.5, 5 and10%) and compared it to a control
mouthwash containing 0.2% chlorhexidine [14]. They conducted
experiments to evaluate efficacy against oral organisms and effects on
human gingival fibroblasts for each mouthwash. Chlorhexidine was
more effective against microorganisms but was also more cytotoxic to
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human gingival fibroblasts. Propolis can also help maintain oral health
and even reduce children caries due to its antibiotic and anti-plaque
properties. A simple propolis mouthwash can be made by mixing 10-
50 drops of propolis to one glass of warm water. Propolis mouth rinse
can sometimes be swallowed with potential additional benefit
compared to conventional mouthwashes.

Propolis in caries prevention

Hayacibara et al. investigated propolis effects on the viability of
Streptococcus mutans, glucosyltransferase activity and the extent of
caries in rats [15]. They concluded that propolis was an effective
caries prevention agent, since it inhibited the activity of
glucosyltransferase enzyme. The same conclusion was reached by
Ikeno et al. [16] Koo et al. also studied propolis constituents and
their effect on the glucosyltransferase enzyme activity, caries extent
in general, and found one specific propolis constituent-apigenin-was
strong in inhibiting glucosyltransferase activity [17].

Propolis as intracanal irrigant

Qathami and Al-Madi compared the antimicrobial efficacy of
intracanal irrigation by propolis, sodium hypochlorite and salt [18].
Microbial sample was collected on immediate canal opening, access
cavity preparation and root canal preparation and irrigation. They
checked the influence of propolis on colony forming unit count. The
findings from the current study proved that the antimicrobial
potential of propolis was as effective as that of sodium hypochlorite.
Kandaswamy et al. separated 180 extracted teeth inoculated with
Enterococcus faecalis for 21 d into six groups based on the
intracanal irrigant solution to be utilized (Saline, propolis, MCJ, 2%
povidone iodine, 2% chlorhexidine gel and calcium hydroxide) [19].
The dentinal tubule colonies that were viable at 200 and 400 p
depths were counted one, three and five days later. The findings
were in such a way that chlorhexidine gluconate (100%) was more
potent in its antimicrobial activity compared to 2% povidone iodine
(87%), propolis (71%), MCJ] (69%) and calcium hydroxide (55%).
No difference was observed in the activity of propolis and MC] at
200 or 400 pm depths. The findings revealed that propolis and MCI
suppressed E. faecalis growth in dentin of extracted teeth.

Propolis used as a cavity disinfectant

Effective caries prognosis is closely linked to the removal of infected
dentin (fig. 1). With a better understanding of the caries process,
there have been significant advancement in managing carious
lesions. Cavity disinfection serves as an additional method to lower
or eliminate bacterial presence in the remaining dentin after cavity
preparation. Propolis along with other disinfectants like APH
(acidulated phosphate fluoride) gels, diode lasers, and 2%
chlorhexidine, was tested against Streptococcus mutans showing a
notable reduction in bacterial count across all groups. In
comparison, APF gels were the least effective, whereas Brazilian
propolis and diode lasers showed similar levels of effectiveness to
the 2% chlorhexidine control group. Research by Prabhakar et al,
along with other studies, suggested that both aloe vera and propolis
have the potential to serve as cavity disinfectants after minimally
invasive hand excavation [20].

Advanced propolis-based formulations in dentistry

Advanced propolis-based formulations in dentistry utilize modern
drug delivery systems to overcome the limitations of raw propolis,
such as poor solubility and rapid degradation. Nanoparticles, such as
chitosan-propolis NPs, enhance solubility, bioavailability, and
controlled release while penetrating dental biofilms [21-25].
Nanoemulsions improve diffusion into plaque and provide stable,
highly antimicrobial formulations. Mouthrinses and varnishes offer
an easy-to-use preventive approach with direct antimicrobial and
fluoride-like protective effects. Liposomes protect the active
compounds, enable controlled release, and improve biofilm
penetration [26-28]. Dental composites and sealants provide
continuous antimicrobial action, prevent secondary caries, and
combine restorative and therapeutic benefits. Collectively, these
advanced formulations significantly enhance the efficacy, stability,
and clinical applicability of propolis in caries prevention and overall
oral healthcare.
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Fig. 1: Schematic representation of dental applications of propolis

Fig. 2: Propolis used delivery platforms to improve its therapeutic effectiveness in dentistry

Propolis has been formulated into diverse delivery platforms to
improve its therapeutic effectiveness in oral disease and caries
management (fig. 2). Nanoparticles, particularly those based on
chitosan and other polymers, provide sustained release, enhance
bioavailability, and penetrate Dbiofilms, thereby significantly
reducing plaque formation and caries lesions. Nanoemulsions,
usually oil-in-water systems, improve solubility and diffusion of
propolis, resulting in enhanced antimicrobial activity and effective
inhibition of Streptococcus mutans. Similarly, mouthrinses and
varnishes containing propolis offer simple, preventive, and patient-
friendly applications with fluoride-like protective action,
contributing to reduced salivary S. mutans counts and plaque scores.
Advanced carriers such as liposomes protect the bioactive
components from degradation, enable controlled release, and
enhance antibacterial as well as anti-inflammatory effects (table 1).
In restorative dentistry, propolis-infused composites and sealants
act dually by restoring tooth structure and releasing antimicrobials

continuously, thereby preventing secondary caries [29, 30].
Biopolymeric hydrogels, composed of chitosan or alginate, allow
controlled release through swelling and diffusion, prolonging
antimicrobial action while adhering effectively to oral mucosa.
Likewise, electrospun fibers of polycaprolactone provide high
surface area and controlled degradation, supporting localized
antimicrobial delivery within cavities. Mucoadhesive films and
patches extend contact time in the oral cavity, improving compliance
and enabling direct diffusion into saliva and mucosa. Microspheres,
such as PLGA-based systems, release propolis through polymer
erosion, offering longer stability and sustained antimicrobial activity
compared to free propolis. Finally, toothpastes and mouthrinses
incorporated with propolis provide a convenient, patient-friendly
approach for daily oral care, reducing bacterial load and
inflammation. Collectively, these delivery systems demonstrate the
versatility of propolis in preventive and therapeutic strategies
against dental caries and oral diseases [31].

Table 1: Propolis-incorporated delivery systems: formulations and clinical relevance in caries control

Delivery system Formulation /Material used Advantages in caries/Oral disease management
Nanoparticles Chitosan-propolis NPs, polymeric nanoparticles Enhanced bioavailability, biofilm reduction, biocompatibility
Nanoemulsion Oil-in-water nanoemulsion with propolis extract Increased antimicrobial activity, stable formulation
Mouthrinse/Varnishes  Propolis extract in mouthrinse or varnish Easy application, preventive approach

Liposomes Phospholipid-based liposomes encapsulating propolis Enhanced stability, antibacterial and anti-inflammatory effects
Dental Resin composites or sealants infused with propolis Prevents secondary caries, dual restorative-therapeutic role
Composites/Sealants

Hydrogels Chitosan-propolis or alginate-propolis hydrogel Prolonged antibacterial effect, bioadhesive to oral mucosa
Electrospun Fibres Polycaprolactone/propolis composite fibers High surface area, flexibility, local delivery to cavities
Films/Patches Mucoadhesive oral films containing propolis Prolonged contact time, improved patient compliance
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CONCLUSION

This current review focused on pharmacological properties of
propolis s pharmacological application propolis has been used
dental carries treatment. Since few decades in this paper currently
focused on various method. We have full review on applications of
propolis especially dental carries management. The propolis has
been treatment for dental disease but it has limitation like low water
soluble and poor bioavailability nanoparticles has been mainly we
use to overcome the limitation of propolis. The review covers the
current advanced propolis formulations explore therapeutic
improvement of the propolis. This review paper enlists in the
propolis and its formulation as well as therapeutic usages in
dentistry.
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