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A B S T R A C T

Most bacteria are beneficial to human health, but some have pathogenic properties. Pathogenic 
bacteria cause diseases in the host by directly damaging tissues or cells during replication via 
toxin production. Propolis nanoparticles is a method that has the potential to be an effective 
antibacterial. Advantages of using nanotechnology include boosting the drug delivery system and 
absorption of active herbal medicine substances, which have poor bioavailability owing to their 
high molecular weight, improved solubility, rapid penetration with low cytotoxicity, reduced 
drug dosage, and fewer side effects. This study reviews the literature on the effectiveness of 
propolis in various forms of nanoparticle technology as an antibacterial agent, which may help 
researchers to develop nanoparticle technology in the pharmaceutical industry. We conducted 
this research using search engines, including Scopus, PubMed, and ScienceDirect, with the key
words " Nanoparticles,”" Propolis,”and "Antibacterial,” without limiting the year of publication. 
We conducted a search between April and June 2025. They related the reviewed articles to 
knowledge of nanoparticle use. Propolis is a natural resinous substance produced by honeybees in 
various forms. These parameters were used to extract 1699 articles, which were reviewed and 
examined. The study identified eight types of propolis nanoparticles with antibacterial properties: 
nanoemulsions, nanostructured lipid carriers (NLC), nanosheets, metal nanoparticles, chitosan 
nanoparticles, nanoencapsulation, solid lipid nanoparticles (SLN), and polymer nanoparticles. 
The effectiveness of antibacterial propolis nanoparticles varies agents. The metallic form of 
propolis nanoparticles is the most effective nanoparticles. Metallic propolis nanoparticles can 
inhibit 19 types of bacteria and can be applied in eight different forms.

1. Introduction

Bacteria are microorganisms that play an important role in human life [1]. Most bacteria have many benefits for human health, 
whereas others have pathogenic properties [2]. Pathogenic bacteria are microorganisms that cause diseases in the host and directly 

* Corresponding author at: Department of Pharmaceutics and Pharmaceutical Technology, Faculty of Pharmacy, Universitas Padjadjaran, Jl. Raya 
Bandung Sumedang KM 21, Jatinangor 45363, Indonesia.

E-mail address: nasrul@unpad.ac.id (N. Wathoni). 

Contents lists available at ScienceDirect

OpenNano

journal homepage: www.elsevier.com/locate/onano

https://doi.org/10.1016/j.onano.2025.100276
Received 17 September 2025; Received in revised form 27 November 2025; Accepted 8 December 2025  

OpenNano 27 (2026) 100276 

Available online 9 December 2025 
2352-9520/© 2025 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC license 
( http://creativecommons.org/licenses/by-nc/4.0/ ). 

https://orcid.org/0000-0002-5985-6909
https://orcid.org/0000-0002-5985-6909
mailto:nasrul@unpad.ac.id
www.sciencedirect.com/science/journal/23529520
https://www.elsevier.com/locate/onano
https://doi.org/10.1016/j.onano.2025.100276
https://doi.org/10.1016/j.onano.2025.100276
http://crossmark.crossref.org/dialog/?doi=10.1016/j.onano.2025.100276&domain=pdf
http://creativecommons.org/licenses/by-nc/4.0/


damage tissues or cells during replication or by producing toxins [3]. Propolis is a substance that can kill or inhibit bacterial growth 
[4].

Propolis is a herbal substance with potential antibacterial properties. Numerous in vivo and in vitro studies have shown that 
propolis exhibits excellent antibacterial properties. Propolis contains several compounds that are beneficial to human health, including 
polyphenols, flavonoids, cinnamates, amino acids, benzoic acid derivatives, vitamins, carotenoids, sterols, terpenes, phenolic com
pounds, coumarins, steroids, and aromatic acids [4–8]. The antibacterial mechanism of propolis involves the disruption of bacterial 
metabolism, inhibition of colony formation, and damage to the bacterial cells [9,10]. One of the latest technologies for utilizing active 
propolis is the formation of nanoparticles. The advantages of using nanotechnology include improved drug delivery systems and the 
absorption of active herbal drug substances, which have low bioavailability due to their high molecular weight, but better solubility, 
rapid penetration with low cytotoxicity, lower doses, and fewer side effects [11,12].

Propolis has varying chemical properties that influence the quality of its bioactivity. Some of these factors include geography, 
season, plant source, and extraction method [13]. The variability of these various factors is thought to influence the effectiveness of 
antibacterial properties. One way to increase the antibacterial effectiveness of propolis can be done by converting the preparation into 
nanoparticle form because it can improve drug efficiency, bioavailability, permeability, and have minimal side effects [14–16].

Propolis nanoparticles exist in various forms, including nanoemulsions, nanostructured lipid carriers (NLCs), nanosheets, metal 
nanoparticles, chitosan nanoparticles, nanoencapsulation, solid lipid nanoparticles (SLNs), and polymer nanoparticles. Various forms 
of nanoparticles are believed to affect their antibacterial properties. This review determined the effectiveness of various forms of 
propolis nanoparticles as antibacterial agents. This study also reveals the effectiveness of propolis nanoparticles in various dosage 
forms as an antibacterial agent. A brief overview of the study on 9 nanoparticle dosage forms is presented in the Graphical Abstract.

2. Method

This research is a Systematic Literature Review conducted by analyzing, identifying, and interpreting the results of previous 
research journal searches through journal portals, such as Scopus, PubMed, and ScienceDirect, followed by an assessment. The 
research stages are illustrated in Fig. 1. A flow diagram of the search strategy according to the PRISMA guidelines.

Fig. 1. A flow diagram of the search strategy according to PRISMA guidelines.
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The review was conducted from April to June 2025. The initial stage involved a literature search using the keywords "Nano
particles," "Propolis", and "Antibacterial" across Scopus, PubMed, and ScienceDirect databases. The collected articles were converted to 
PDF format to facilitate the selection process. The inclusion criteria were applied to screen articles for discussion in this review, 
including articles published in English, studies using propolis nanoparticle preparations, and the inclusion of pharmacologically active 
substances that were tested to ensure their antibacterial efficacy. Exclusion criteria in this article review included: articles with study 
designs such as case reports, case series, and review articles; studies in articles that did not have antibacterial testing of the prepared 
formulations; and articles with incomplete data, such as those lacking information about the active substances used and the bacterial 
species used in antibacterial efficacy testing.

3. Result

Propolis nanoparticles are nanosized propolis particles (diameter: 1–100 nm) that are bound together to make them more effective 
without changing their properties by altering the size of the propolis through various methods [88,89]. This differs from the opinion 
[17,18] that the size of nanoparticles is in the range of 10–1000 nm. Based on these opinions, propolis can be considered a nanoparticle 
if it is less than 1000 nm in size. The results of the literature analysis on the effectiveness of propolis nanoparticles as antibacterial 
agents from 46 journals that met the inclusion criteria are listed in Table 1.

3.1. Nanoemulsion

Nanoemulsions are complex and kinetically stable emulsions with an average droplet size of 50–100 nm and average droplet 
diameter of 50–1000 nm. Nanoemulsions adhere to lipid-coated bacteria through thermodynamic processes and electrostatic at
tractions. When a certain number of nanoparticles attach to pathogens, the active ingredients and trapped energy generated by the 
nanoemulsion degrade the lipid membrane of the pathogen, causing cell lysis and bacterial death [19–22]. The mechanism of the 
antibacterial effect of the nanoemulsions is shown in Fig. 2.

Based on the analysis results in Table 1, the nanoemulsion inhibited five types of bacteria (P. aeruginosa, S. mutans, S. sanguinis, 
Lactobacillus acidophilus, and E. faecalis) [10,23–25]. Propolis nanoemulsions can enhance the antibacterial effects, reduce bacterial 
viability, and inhibit the formation of MDR P. aeruginosa biofilms [10]. Nano-propolis significantly reduced the number of cariogenic 
bacterial colonies in a rat model [23]. Propolis nanoparticles have the same effectiveness as 6 % NaOCl and 2 % chlorhexidine in 
reducing the bacterial CFU of E. faecalis [24,25]. Nanoemulsions can be used directly [10,24] in the form of composite resins [23] and 
bioceramic sealers [25] for dental care.

Propolis in nanoemulsion form has effective antibacterial properties against several types of pathogenic bacteria (P. aeruginosa, S. 
mutans, S. sanguinis, L. acidophilus, and E. faecalis) [10,23–25]. Propolis in nanoemulsion form has a higher Minimum Inhibitory 
Concentration (MIC) against bacteria compared to propolis not in nanoemulsion form. Propolis nanoemulsions with MIC 15.6 to 125 
µg/mL are more effective than non-nano propolis with MIC 31.2 to 500 µg/mL [24]. Propolis in nanoemulsion form does not have a 
Minimum Inhibitory Concentration (MIC) against bacteria that is higher than that of antibiotics. Propolis nanoemulsions with MICs of 
3.2 to 15 mg/mL were not more effective than antibiotics with MIC 0.31 to 1.25 mg/mL [10]. The smaller of the Minimum Inhibitory 
Concentration (MIC) number, the better the effectiveness of a preparation, this shows that a very small dose can control pathogenic 
bacteria.

3.2. Nanostructure lipid carrier (NLC)

Nanostructured lipid carriers (NLC) are lipid-based nanoparticles [26,27]. Nanostructured lipid carriers (NLC) have a hybrid 
structure of polymer nanocapsules and liposomes, which serve as an alternative for encapsulating lipophilic drugs in a liquid core and 
protecting them from potential degradation. NLC can improve stability, controlled drug release, good tolerability, overcome multidrug 
resistance (MDR), enhance intracellular internalization, and increase the efficacy of transported drugs [27,28]. Nanostructured lipid 
carrier (NLC) propolis can inhibit bacteria in two stages. First, propolis directly affects the bacterial membrane and inhibits its motility, 
thereby damaging the immune system of bacterial cells [16,27]. The mechanism of the antibacterial effect of the Nanostructured lipid 
carrier (NLC) is illustrated in Fig. 3.

The analysis results in Table 1 show that the propolis nanostructure lipid carriers (NLC) are effective in inhibiting the two types of 
bacteria (B. subtilis and S. aureus), and one type of fungus (C. albicans) [29]. Propolis NLC is effective in inhibiting the growth of 
gram-positive bacteria (Bacillus subtilis and Staphylococcus aureus), gram-negative bacteria (Salmonella spp.), and fungi (C. albicans) 
twice as much as propolis extract [29]. NLC can be used directly as antibacterial agents [29].

Propolis in Nanostructured lipid carriers (NLC) form has effective antibacterial properties against several types of pathogenic 
bacteria (B. subtilis and S. aureus), and one type of fungus (C. albicans) [29]. Propolis in Nanostructured lipid carriers (NLC) form has a 
higher Minimum Inhibitory Concentration (MIC) against bacteria compared to propolis not in Nanostructured lipid carriers (NLC) 
form. NLC Propolis with MIC 31.25 to 500 µg/mL are more effective than non-NLC propolis with MIC 250 to 500 µg/mL [29].

4. Nanosheet

A nanosheet is a very thin two-dimensional nanomaterial with a thickness ranging from 1 nm to 100 nm and a large surface area-to- 
volume ratio. This structure possesses unique properties, such as high durability and excellent electrical and thermal conductivity, and 
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Table 1 
Application of propolis nanoparticles for antibacterial pathogens.

No Type of 
Nanoparticle

Type of Preparation Bacterial Species MIC or 
effectiveness of 
killing bacteria

Antibacterial properties/ 
activity

Reference

1 Nanoemulsion Nanoemulsion P. Aeruginosa Iranian Propolis 
MIC 3.2–15 mg/ mL 
NP 
MIC 0.31–1.25 mg/ 
mL AB

Propolis nanoemulsion can 
enhance antimicrobial effects, 
reduce bacterial viability, and 
affect the formation of MDR 
P. aeruginosa biofilms.

[10]

Transbond XT 
orthodontic primer 
(Orthodontic 
Composite)

S. mutans, S. sanguinis, dan L. 
acidophilus

Iranian Propolis 
Dose 1 %, 5 %, and 
10 % of nano- 
propolis

Orthodontic primer containing 
nano-propolis significantly 
reduced the number of 
cariogenic bacterial colonies 
in a rat model.

[23]

Nanoemulsion E. faecalis Malaysian Propolis 
MIC 15.6 to 125 µg/ 
mL Propolis 
MIC 31.2 to 500 µg/ 
mL NP

Propolis nanoparticles had the 
same effectiveness as 6 % 
NaOCl and 2 % CHX in 
reducing CFU of E. faecalis 
bacteria

[86]

Nanoemulsion 
(bioceramic sealers)

E. faecalis Indonesian Propolis 
MIC 0.9664 g/ml 
NP 
MIC 0.9513 g/ml 
comercil 
MIC 0.9528 g/ml 
NP 
MIC 0.9492 g/ml 
comercil

The addition of 5 % propolis 
nanoparticles to commercial 
bioceramic sealers and epoxy 
resins can eliminate E. faecalis 
bacteria

[25]

2 NLC Nanostructure Lipid 
Carrier

Gram-positif (B. subtilis and 
S. aureus), bakteri Gram- 
negatif, dan mikroba jamur 
(C. albicans)

South east Asia 
Propolis 
MIC 31.25 to 500 
µg/mL NP 
MIC 250 to 500 µg/ 
mL Propolis

Propolis-NLC showed 
antibacterial effect on Gram- 
positive bacteria (B. subtilis 
and S. aureus), Gram-negative 
bacteria, and fungal microbes 
(C. albicans) (p < 0.0001)

[29]

3 Nanosheet Hydrogel bio 
nanocomposite propolis

C. albicans, S. aureus, and E. coli Iranian Propolis 
MIC 25 μg/mL NP 
MIC 0.5–32 μg/mL 
AB

Antimicrobial efficacy 
increased with the 
concentration of nanosheets 
showing effectiveness against 
C. albicans (0 CFU), S. aureus 
(1 × 10³ CFU), and E. coli (22 
× 10³ CFU).

[8]

4 Metallic 
nanoparticle

Zinc nanoparticle 
(Nanocomposite)

E. coli, S. typhi, P. aeruginosa, B. 
cereus, and S. aureus

Egypt Propolis 
MIC 100 – 500 µg/ 
mL P 
MIC 100 – 400 µg/ 
mL NP 
MIC 50 – 400 µg/ 
mL PE 
MIC 50 – 75 µg/mL 
ZnO-P 
MIC 30 – 50 
ZnO–NPs

The synthesized ZnO-propolis 
composite, incorporating 
propolis, was verified to 
enhance its antimicrobial 
efficacy, including E. coli, S. 
typhi, P. aeruginosa, B. cereus, 
and S. aureus.

[7]

Silver nanoparticle Biofilm P. gingivalis Dose 0.1 %, 0.3 %, 
and 0.5 % of AgNPs

AgNPs exhibited an inhibitory 
effect on P. gingivalis biofilm 
formation.

[38]

Zinc oxide nanoparticle 
(Gel)

E. coli Egypt Propolis 
Dose 5 – 10 % of 
ZnO–NPs

The antimicrobial activity of 
the nanocomposite gel loaded 
with 10 % PP1/ZnO–NPs (G6) 
revealed the highest inhibition 
zone against E. coli (26 ± 2.31 
mm).

[37]

Silver nanoparticle Gram negative bacteria 
P. aeruginosa, E. coli, K. 
pneumoniae, A. baumannii and 
gram positive bacteria: 
S. aureus and E. faecalis

MIC 20 and 30 μg/ 
mL NP

AgNPs propolis showed 
greater inhibitory effect 
against the growth of gram- 
negative bacteria 
P. aeruginosa, E. coli, K. 
pneumoniae, A. baumannii and 
gram-positive bacteria: 
S. aureus and E. faecalis

[39]

(continued on next page)
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Table 1 (continued )

No Type of 
Nanoparticle 

Type of Preparation Bacterial Species MIC or 
effectiveness of 
killing bacteria 

Antibacterial properties/ 
activity 

Reference

Iron oxide nanoparticle 
propolis

Gram-positive (B. subtillis and 
S. 
pyogenes) 
gram-negative (P. aeruginosa, 
and E. coli)

the various sections 
of Cyprus (North 
West, North, North 
East, 
Central Cyprus and 
South West,) 
MIC 0.46, 0.39, and 
0.19 mg/mL 
MIC 0.15, 0.113, 
and 0.098 mg/mL

PE-Fe2O3-NP has a more 
effective threat to eliminate 
pathogenic bacteria at lower 
doses, either Gram negative or 
Gram positive.

[40]Iron oxide nanoparticle 
propolis

Gram-negative and gram- 
positive bacteria, including 
E. coli, P. aeruginosa, S. aureus, 
and B. subtilis.

Egypt Propolis 
23.5 ± 0.7 mm NP 
21.0 ± 1.4 mm 
Rifampicin 
(1:1) BEP-IONPs 
(1:2) BEP-IONPs

The results showed that the 
synthesized BEP-IONP had 
strong antibacterial activity 
with an inhibition zone of 23.5 
mm for gram-negative 
bacteria Pseudomonas 
aeruginosa.

[33]

Silver and gold ZnONPs Gram-positive S. sciuri and 
Gram-negative P. aeruginosa 
and S. enterica

Egypt Propolis 
75 µg/ml 
AgNPs@ZnO 
75 µg/ml 
AuNPs@ZnO 
155 µg/ml 
ZnO–NPs

Promising medical 
applications for 
biosynthesized ZnNPs in 
combination with other 
metals, such as ZnO-AgNPs, as 
safe antibacterial and 
anticancer drugs.

[41]

ZnO nanoparticle 
propolis

Gram-positive bacteria (B. 
Subtilis and S. Aureus), Gram 
negative bacteria (E. coli and P. 
Aeruginosa), and fungal 
microorganisms (C. Albicans 
and Mucor).

Egypt Propolis 
10 mg/mL 
ZnO–NPs

The antimicrobial activity of 
the optimally prepared ZnO 
nanoparticles was studied 
using various types of 
microbes, Gram-positive 
bacteria (Bacillus Subtilis and 
Staph. Aureus), Gram-negative 
bacteria (E. coli and 
Pseudomonas Aeruginosa), 
and fungal microorganisms 
(Candida Albicans and 
Mucor).

[42]

Copper nanoparticle E. coli Iranian Propolis 
8.4 ± 0.192 1 mg/ 
mL

Significant biofilm inhibition 
(84 %) and reduction in 
motility (92 %) when 
compared to the positive 
control (Ampicillin)

[43]

Au-Ag nanoparticle S. sciuri, P. aeruginosa, and S. 
enterica Typhimurium

Egypt Propolis 
Au@AgNPs (1.6 
µg/mL) 
Au@AgNPs (5 µg/ 
mL)

Biosynthesis of Au–Ag 
nanoparticles using propolis 
has activity as a natural 
reducing agent and has 
effective antibacterial activity 
against antibiotic-resistant S. 
sciuri, P. aeruginosa, and S. 
enterica Typhimurium and 
shows anticancer activity in 
cancer cell lines.

[44]

Silver nanoparticle 
propolis

S. aureus dan E coli State of Sonora 
25 – 100 µg/mL

Silver nanoparticle propolis 
demonstrated remarkable 
antibacterial and antibiofilm 
activity against multidrug- 
resistant clinical isolates, with 
S. Aureus and E. coli

[45]

ZnO nanoparticle 
propolis

Gram-positive (bacteria S. 
Aureus) and gram-negative 
bacteria (E. coli and P. 
Aeruginosa)

Iraqi Propolis 
164.31 µg/ml for 
ZnONPs 
111.43 µg/ml for 
ascorbic acid

The results showed effective 
antibacterial activity on both 
Gram-negative and Gram- 
positive bacteria at different 
concentrations.

[46]

Silver-platinum (Ag-Pt) 
nanoparticle propolis

E. coli, S. aureus, B. subtilis, K. 
pneumoniae, S. epidermidis, 
and S. marcescens

100 μg/ml of Ag–Pt 
bimetallic NPs

The antimicrobial activity of 
silver-platinum (Ag–Pt) 
bimetallic nanoparticles 
showed effective results 
against E. coli, S. aureus, B. 
subtilis, K. pneumoniae, S. 
epidermidis, and S. 
marcescens.

[47]

Pullulan ZnONP 
nanoparticle 
(Meat packaging)

Gram-positive L. 
monocytogenes and Gram- 
negative E. coli bacteria

Korea In addition, the pullulan/ 
chitosan based biocomposite 
films showed good antioxidant 
activity due to propolis and 
excellent antibacterial activity 
against foodborne pathogens 
due to ZnONPs.

[48]

(continued on next page)
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Table 1 (continued )

No Type of 
Nanoparticle 

Type of Preparation Bacterial Species MIC or 
effectiveness of 
killing bacteria 

Antibacterial properties/ 
activity 

Reference

Silver (Ag) nanoparticle Salmonella, S. enteritidis MIC 92 µg/mL to 
5.25 µg/mL AgNPs

This combination of AgNPs 
and phages offers the prospect 
of nanoparticles with 
significantly enhanced 
antibacterial properties and 
therapeutic performance.

[49]

Ag nanoparticle 
propolis

(L. monocytogenes, S. 
typhimurium,and E. coli) and 
three fungal strains 
(A. solani, Helminthosporium 
sp., and F. oxysporum).

Saudi Propolis These compounds did not 
enhance the antiradical 
activity in the aqueous extract 
of Pro-AgNP but enhanced its 
antibacterial activity.

[50]

Silver nanoparticle 
(Wound sewing thread)

pathogenic gram-negative and 
gram-positive bacteria, E. coli 
and S. aureus

Turkey Propolis 
40 μg/cm

The fabrication of bioAgNP- 
propolis coated sutures 
showed strong antibacterial 
activity against pathogenic 
gram-negative and gram- 
positive bacteria, E. coli and 
Staphylococcus aureus

[51]

Silver nanoparticle 
propolis

S. Aureus, S. Epidermidis, 
E. coli, P. Aeruginosa

Brazilian Red 
Propolis 
4.162 to 16.650 μg/ 
mL Propolis 
4.162 to 16.650 μg/ 
mL AgNp-C 
8 to 2081μg/mL 
AgNP-P

Our product showed 
significant antimicrobial 
activity indicating synergism 
between propolis and silver 
nanoparticles as expected and 
shows promise as an effective 
antimicrobial product for use 
in infections.

[52]

Magnetite nanoparticle 
propolis 
(combination 
Chloramphenicol)

S. Aureus Morocco Propolis 
MIC 0.025 to 0.36 
mg/ml

Synthesis of novel 
antibacterial nanocomposites, 
for possible applications as 
prospective nanoantibacterial 
agents or drug carriers.

[53]

Silver nanoparticle Pathogen Bacteria (E. coli, S. 
Aureus, C. Albicans

Bulgaria Propolis Propolis containing silica- 
silver showed significantly 
better antibacterial and 
antifungal activities than 
poplar propolis and the carrier 
modified with silver itself.

[54]

Silver nanoparticle 
propolis

S. aureus, S. epidermidis, E. 
faecalis, E. coli, P. aeruginosa, 
P. vulgaris, B. subtilis, B. 
cereus, and C. albicans

UAB Medicata Filia, 
Lithuania 
0.347 μg/mL

Antimicrobial activity testing 
confirmed the ability of AgNPs 
containing PLA electrospun 
materials to inhibit the growth 
of microorganisms.

[55]

Silver nanoparticle 
(wound dressing)

S. aureus, S. epidermidis, E. 
faecalis, E. coli, P. aeruginosa, 
P. vulgaris, B. subtilis, B. 
cereus, dan C. albicans

UAB Medicata Filia, 
Lithuania 
750 or 1500 μg/mL

Evaluation of antimicrobial 
activity on S. aureus, S. 
epidermidis, E. faecalis, E. coli, 
P. aeruginosa, P. vulgaris, B. 
subtilis, B. cereus, dan C. 
albicans strains confirmed the 
ability of the electrospun mats 
to inhibit the growth of the 
tested microorganisms.

[56]

Silver nanoparticle 
(wound healing)

S. Aureus Indian Propolis 
06.3 ± 0.6 ppm 
AgNp 
03.7 ± 0.57 ppm 
PSLN 
08.0 ± 1.00 ppm 
PMSN 
10.00±1.00 ppm 
Propolis

The combination of propolis 
with AgNP significantly 
reduced the minimum 
inhibitory concentration of 
AgNP alone when tested 
against S. aureus.

[57]

5 Chitosan 
Nanoparticle

Chitosan nanoparticle E. coli, S. aureus, dan S. 
epidermidis

Iran Propolis 
2 to 230 µg/ml

Statistically significant and 
greater reduction in the 
number of E. coli, S. aureus, 
and S. epidermidis strains in 
biofilms, pre-formed biofilms, 
and planktonic phases.

[5]

(continued on next page)
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Table 1 (continued )

No Type of 
Nanoparticle 

Type of Preparation Bacterial Species MIC or 
effectiveness of 
killing bacteria 

Antibacterial properties/ 
activity 

Reference

Chitosan nanoparticle S. sciuri, S. typhimurium, dan P. 
aeruginosa

31.2 and 62.2 μg/ 
mL Ag-CS NPs

Ag-CS-NPs with phages 
showed potential bactericidal 
and inhibitory effects against 
S. sciuri, S. typhimurium, and P. 
aeruginosa bacteria, as well as 
against biofilm production.

[64]

Chitosan nanoparticle 
propolis 
(Edible coating)

E. coli, S. aureus dan 
S. typhimurium, S aureus

Egypt Propolis 
50 to 57.5 μg/mL 
bee chitosan 
nanoparticles 
35 to 45 μg/mL 
Propolis 
30 to 37.5 μg/mL 
Pro/SeNPs 
25 to 30 μg/mL 
BCht/Pro/SeNPs 
37.5 to 47.5 μg/mL 
Ampicillin

Chitosan nanoparticle propolis 
showed strong antibacterial 
action against E. coli, S. aureus 
and S. typhimurium.

[65]

Chitosan nanoparticle 
(intracanal 
medicament)

Biofilm Enterococcus faecalis Malaysian Propolis 
100 µg/ml propolis 
250 µg/ml propolis 
100 µg/ml CPN 
250 µg/ml CPN250 
2 % chlorhexidine

CPN250 was the most effective 
in reducing E. faecalis colonies 
on day 1, day 3 at both depths, 
and day 7. CPN250 was 
equally effective as CPN100 
and 2 % CHX.

[66]

Chitosan nanoparticle K. pneumonia Egypt Propolis 
MIC 6.25 μg/ml

The developed 
nanoformulation can be 
considered as a potential 
antibacterial agent in the 
treatment of K. pneumonia.

[67]

nanoparticle chitosan 
propolis 
(edible film)

E. coli dan L. monocytogenes Mexico Propolis The use of chitosan 
nanoparticles and propolis 
ethanol extract in edible films 
is a promising alternative for 
active packaging with 
antibacterial properties 
considering its application for 
strawberry preservation 
against foodborne bacteria.

[68]

Chitosan propolis 
nanoparticle 
(combination with 
antibiotics)

S. Epidermidis Malaysian Propolis 
100 μg/mL CPNP

CPNP has a direct inhibitory 
effect on the survival of S. 
epidermidis.

[69]

Chitosan nanoparticle 
propolis 
(Pasta)

Bacterial biofilm, E. Faecalis Uruguay Propolis Incorporating CNP into Ca 
(OH)2 paste has the potential 
to be beneficial when using 
intracanal treatment between 
appointments due to its ability 
to kill bacteria in both short- 
term and long-term exposure.

[70]

Chitosan nanoparticle 
propolis 
(varnishes)

S. Mutans Egypt Propolis Incorporating natural products 
with fluoride into dental 
varnish can be an effective 
approach to caries prevention, 
especially miswak and 
propolis when financial 
resources are limited.

[87]

Chitosan nanoparticle 
propolis

E. faecalis Malaysian Propolis 
Kill 90 % at 200 μg/ 
mL 
Kill 40 % and ~75 
% at 200 and 300 
μg/ml

The results of this study 
indicate that chitosan-propolis 
nano formulation can be 
considered as a potential anti- 
biofilm agent in fighting 
infections involving biofilm 
formation such as chronic 
wounds and surgical site 
infections.

[72]

6 Nanoencapsulation Nanoencapsulation E. coli and S. Aureus Turkey Propolis 
2 % of the PVA-NPs

Antibacterial efficacy was 
evaluated by Broth dilution 

[16]

(continued on next page)
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is used in semiconductor technologies such as nanosheet transistors [30]. Propolis nanosheets inhibit bacterial growth by attaching to 
the bacterial cell wall and coating the entire bacterial cell, thus damaging the bacterial cell wall and ultimately causing cell contents to 
leak, leading to bacterial cell death[31]. The mechanism of the antibacterial effect of the nanosheets is illustrated in Fig. 4.

Based on the analysis results in Table 1, propolis nanosheets are effective in inhibiting two types of bacteria (S. aureus and 
Escherichia coli) and one type of fungus (C. albicans) [8]. Nanosheet propolis has good antibacterial activity, as evidenced by its 
antibacterial activity, which increases with the concentration of nanosheets. Nanosheets were effective in inhibiting the growth of C. 
albicans (0 CFU), S. aureus (1 × 10³ CFU), and E. coli (22 × 10³ CFU) to prevent infection [8]. Nanosheets used in this study were used 
directly, as in the study conducted by [8].

Propolis in nanosheet form has effective antibacterial properties against several types of pathogenic bacteria (S. aureus and E. coli) 
and one type of fungus (C. albicans) [8]. Propolis in nanosheet form has a higher Minimum Inhibitory Concentration (MIC) against 

Table 1 (continued )

No Type of 
Nanoparticle 

Type of Preparation Bacterial Species MIC or 
effectiveness of 
killing bacteria 

Antibacterial properties/ 
activity 

Reference

method and PVA-NP showed 
good inhibitory activity 
against S. aureus at low 
concentration ratio, while it 
had no inhibitory activity 
against E. coli.

Propolis encapsulated 
with mesoporous silica

S. aureus Red Propolis 
MIC 150 to 375 μg/ 
ml

The analysis showed that the 
integrity of the red propolis 
constituents was maintained 
after the embedding process, 
and the antioxidant and 
antibacterial activities were 
maintained.

[76]

Propolis encapsulated 
alginate nanoparticle

S. Aureus, E. coli, P. vulgaris, C. 
diversus and S. enterica

Egypt Propolis Propolis-ALg NP samples 
showed the highest 
antimicrobial activity against 
all pathogens examined 
compared to pure propolis 
and/or antibiotics 
(clindamycin)

[77]

Collagen film 
(nanoencapsulation) 
(wound healing)

E. coli dan S. aureus. Sigma-Aldrich 
MIC 100 to 200 μg/ 
ml

The antibacterial effect 
depends on the concentration 
of nanoparticles in the 
collagen film, the effect is 
more pronounced against 
E. coli than S. aureus.

[78]

7 Solid Lipid 
Nanoparticle

Solid Lipid 
Nanoparticle

Gram positive bacteria Propolis 
1 ±
0.034 
0.5 ±
0.021 
0.125 ±
0.029 
2 ±
0.031

PSLN 
0.5 ±
0.010 
0.25 ±
0.019 
0.125 
±

0.008 
1 ±
0.011

Optimized SLN propolis can be 
used as an antioxidant and 
antibacterial additive and has 
the potential to be used as a 
drug or drug carrier for the 
treatment of lung cancer.

[80]

8 Polymer 
nanoparticle

Polymer nanoparticle 
(wound healing)

S. aureus, K. pneumonia, 
E. coli, P. aeruginosa, and A. 
baumannii

MIC 750 μg/ml 
Sericin 
MIC 1250 μg/ml 
Propolis 
MIC 250 μg/ml 
nSE/P 
MIC 1 μg/ml nSE/P 
Amoxicilin

Significant reduction in 
bacterial growth was seen 
after 2 h of incubation with 
sericin/propolis/Amoxicillin 
(nSE/P/AMX) nanoparticles, 
and complete eradication of 
the growth of S. aureus, K. 
pneumonia, E. coli, P. 
aeruginosa, and A. baumannii 
bacteria was seen after 4 h of 
incubation.

[85]

Polymer 
(Root canal sealer)

E. faecalis and S. mutans 
bacterial strains and antifungal 
activity against C. albicans

Egypt Propolis 
154.1, 95.97, 85.55 
and 
100.2 µg/mL

ProE loaded NPs can be 
incorporated into and 
represented as root canal 
sealers with extended release 
and enhanced 
cytocompatibility as well as 
antimicrobial activity.

[84]
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Fig. 2. Antibacterial mechanism of Nanoemulsion.

Fig. 3. Antibacterial mechanism of Nanostructured Lipid Carrier (NLC).

A. Fadhil et al.                                                                                                                                                                                                         OpenNano 27 (2026) 100276 

9 



bacteria compared to propolis not in nanosheet form. Nanosheet propolis with MIC 25 µg/mL were not more effective than antibiotics 
with MIC 0.5 to 32 µg/mL [8]

4.1. Metallic nanoparticle

Metallic nanoparticles are nanoparticles with sizes between 10 and 500 nm [32]. Metallic nanoparticles can be applied in the 
medical field, including drug delivery, cancer treatment, antibacterial applications, and targeted therapy [33]. The most commonly 
used metals for nanoparticle synthesis are gold (Au), silver (Ag), iron (Fe), aluminum (Al), cadmium (Cd), cobalt (Co), copper (Cu), and 
zinc (Zn) [34,35]. Metal-based nanoparticles are known to have non-specific antibacterial toxicity mechanisms (not binding to specific 
receptors in bacterial cells), which makes it difficult for bacteria to develop resistance and broaden the spectrum of antibacterial 

Fig. 4. Antibacterial mechanism of Nanosheet.

Fig. 5. Antibacterial mechanism of Metallic Nanoparticle.
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activity [36]. The antibacterial mechanism of metallic nanoparticles is related to increasing the permeability of metal compounds into 
microbes and increasing cell wall damage due to electrostatic interactions, which also causes protein denaturation, membrane lipid 
oxidation, and oxidative DNA damage in microbes [37]. The mechanism of the antibacterial effect of metallic nanoparticles is illus
trated in Fig. 5.

Based on the analysis results in Table 1, metallic nanoparticles effectively inhibited 19 types of bacteria (E. coli, Salmonella typhi, P. 
aeruginosa, B. cereus, S. aureus, biofilm P. gingivalis, K. pneumoniae, A. baumannii, E. faecalis, B. subtilitis, S. pyogenes, S. enterica, S. sciuri, 
S. enterica typhimurium, S. epidermidis, S. marcesens, L. monocytogenes, Salmonella enteritidis, and P. vulgaris), and 4 type of fungus 
(C. albicans, A. solani, Helminthosporium sp., and F. oxysporum) [7,33,37–57].

Propolis zinc oxide nanoparticles (ZnO–NPs) exhibited the highest activity against all the tested bacteria. ZnO–NPs had a higher 
antibacterial effect than the propolis extract, followed by nanopropolis and propolis. The combination of ZnO–NPs with nanopropolis 
in a nanocomposite has a synergistic effect and high antibacterial activity [7,37,48]. According to Osman et al. 2023 of propolis ZnO 
nanoparticles has stronger antibacterial activity than antibiotics (gentamicin) in inhibiting bacterial activity. Antibacterial activity 
increased with increasing concentrations. Propolis ZnO nanoparticles disrupt cell wall and membrane permeability, endangering 
biomolecules such as DNA and proteins by inhibiting key activities such as DNA replication and protein synthesis and by cutting off 
energy access to bacteria [46].

Silver nanoparticle propolis has potential as an effective option for improving periodontal treatment outcomes as it has shown good 
inhibitory effects against various types of bacteria and biofilm formation [38,45,50,52,54–56]. AgNP-propolis showed a greater 
inhibitory effect against several bacteria and did not cause any toxic effects [39]. The combination of AgNPs and propolis exhibits 
significant antibacterial properties against various types of bacteria and can prevent multidrug resistance [49]. However, coating silk 
surgical threads with propolis and biogenic silver nanoparticles provides effective antibacterial capacity against surgical threads [51,
56,57].

The iron oxide nanoparticle propolis showed a more effective antibacterial effect than iron oxide nanoparticles without propolis 
[33,40].

The combination of silver and gold zinc oxide nanoparticles and propolis is effective as an antibacterial agent against both Gram- 
positive and Gram-negative bacteria [41,44]. The combination of silver-platinum nanoparticle propolis shows that the antibacterial 
activity of silver-platinum nanoparticles is directly proportional to the nanoparticle concentration [47,48].

Copper nanoparticle propolis (CuNPs) has good antibacterial activity [43].
Metallic nanoparticles are used directly [33,38,39–47,49,50,52,54,55], in composite form [7], in gel form [37], in meat packaging 

form [48], in wound sewing form [51], in combination with chloramphenicol [53], wound dressing, and wound healing [56,57] for 
wound treatment.

Propolis in metallic nanoparticle form has effective antibacterial properties against several types of pathogenic bacteria. Propolis in 
metallic nanoparticle (Zinc) form has a higher Minimum Inhibitory Concentration (MIC) against bacteria compared to propolis not in 
metallic nanoparticle (Zinc) form. ZnO–NP Propolis nanoemulsions with MIC 10 to 164.31 µg/mL are more effective than non-nano 

Fig. 6. Antibacterial mechanism of Chitosan Nanoparticle.
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propolis with MIC 100 to 500 µg/mL [7,42,46]. Propolis in metallic nanoparticle (Silver) has a higher Minimum Inhibitory Con
centration (MIC) against bacteria compared to propolis not in metallic nanoparticle (Silver) form. Propolis nanoemulsions with MIC of 
1.6 to 100 µg/mL are more effective than non-nano propolis with 155 µg/mL [39,41,45,47,49,52,55].

4.2. Chitosan nanoparticle

Chitosan is a natural carbohydrate polymer obtained by deacetylating chitin, the main compound found in crabs, lobsters, and 
shrimp shells [58]. Chitosan nanoparticles are drug delivery systems that can be combined with propolis [59]. The studies of chitosan 
nanoparticles have shown that chitosan nanoparticles (CNPs) have a more potent antibacterial action against gram-positive, gram-
negative bacteria, and biofilms that are difficult to destroy [60]. The antibacterial activity of chitosan nanoparticles is attributed to 
their interactions with bacterial cell walls or cell membranes [58]. Its antibacterial mechanism can cause electrostatic interactions 
between positively charged chitosan nanoparticles and negatively charged bacterial cell membranes, this disrupts the integrity of the 
membrane, which causes leakage of intracellular components and bacterial cell death [60]. This interaction triggers common vari
ations on the cell surface, leading to modifications in membrane permeability that sequentially trigger osmotic imbalance and release 
of intracellular substances, resulting in cell death [61,62]. Chitosan nanoparticles also have better antioxidant effects compared to 
those derived from herbal extracts, antioxidants from chitosan nanoparticles work by increasing the transition metal ion catalyst, 
breaking down peroxides, then inhibiting chain reactions, and blocking continuous hydrogen abstraction [60,63]. The mechanism of 
the antibacterial effect of chitosan nanoparticles propolis is illustrated in Fig. 6.

Based on the results in Table 1, propolis nanoparticles with chitosan nanoparticles were effective in inhibiting 10 types of bacteria 
(E. coli, S. aureus, S. epidermidis, S. sciuri, Salmonella typhimurium, P. aeruginosa, biofilm E. faecalis, K. pneumonia, L. monocytogenes, and 
S. mutans) [5,64–72].

The propolis chitosan nanoparticles exhibited a strong antibacterial effect against several bacteria with the highest resistance 
[64–66,72]. Propolis extracted using ethanol combined with chitosan showed statistically significant and greater antibacterial inhi
bition than propolis extracted without chitosan [5,65]. Chitosan nanoparticles combined with ethanol propolis extract and colistin 
showed potential antibacterial activity. This effect occurs because of the interaction between polycationic chitosan nanoparticles and 
the negative charges on the surface of bacterial cells, which disrupts the cell membrane, leading to leakage of intracellular compounds 
and cell death [67]. Chitosan-propolis nanoparticles not only directly inhibit the survival of bacteria but also show synergy with 
several synthetic antibiotics, namely ciprofloxacin, vancomycin, doxycycline, and rifampicin, indicating an effective treatment 
regimen. This will provide opportunities to overcome bacterial antibiotic resistance by reducing antibiotic treatment doses by at least 
four-fold in combination therapy [69].

Propolis chitosan nanoparticles are known to be directly usable [5,64,67,72], in edible coating form [65], in intracanal medica
ment form [66], in edible film form [68], can be combined with antibiotics [69], in pasta form [70], and in varnish form [71] for dental 

Fig. 7. Antibacterial mechanism of Nanoencapsulation.
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care.
Propolis in chitosan nanoparticle form has effective antibacterial properties against several types of pathogenic bacteria (E. coli, S. 

aureus, S. epidermidis, S. sciuri, S. typhimurium, P. aeruginosa, biofilm E. faecalis, K. pneumonia, L. monocytogenes, and S. mutans) [5,
64–72]. Propolis in chitosan nanoparticle form has a higher Minimum Inhibitory Concentration (MIC) against bacteria compared to 
propolis not in chitosan nanoparticle form. Chitosan nanoparticle propolis with MIC 2 to 230 µg/mL are more effective than 
non-chitosan nanoparticle propolis with MIC 250 µg/mL [5,66,67]. Chitosan nanoparticle propolis form has a higher Minimum 
Inhibitory Concentration (MIC) against bacteria compared to antibiotics. Chitosan nanoparticle propolis with MIC of 25 to 30 mg/mL 
are more effective than antibiotics with MIC 37.5 to 47.5 mg/mL [65].

4.3. Nanoencapsulation

Nanoparticles with encapsulation result in a small size, large surface area, and protection, with high bioavailability compared to 
large-sized particles [73]. Nanoencapsulation can be achieved by emulsification, high-pressure homogenization, evaporation, spray 
drying, sonication, high-speed stirring, microemulsion, and ball milling [74]. The mechanism of action of nanoencapsulated propolis 
against its antibacterial activity begins with its entry into microbial cells, followed by the inhibition of DNA synthesis and bacterial 
ribosomal activity, and ultimately inhibiting protein metabolism [75]. The mechanism of the antibacterial effect of the nano
encapsulation is illustrated in Fig. 7.

Based on the results in Table 1, it is known that nanoencapsulation of propolis is effective in inhibiting five types of bacteria (E. coli, 
S. aureus, P. vulgaris, C. diversus, and S. enterica) [16,76–78].

Propolis nanoencapsulation exhibits good inhibitory activity against several pathogenic bacteria at low concentration ratios [16]. 
The antioxidant and antibacterial activities of red propolis encapsulated in nanoparticles showed good performance in inhibiting 
various types of bacteria as well as increasing the surface area of dispersion [76]. Propolis processed by nanoencapsulation showed the 
highest antibacterial activity against several pathogenic bacteria compared to pure propolis [77,78]. The nanoencapsulation of 
propolis in this study was directly applicable [16,76,77] and the wound healing form [78] for wound care.

Propolis in nanoencapsulation form has effective antibacterial properties against several types of pathogenic bacteria (E. coli, S. 
aureus, P. vulgaris, C. diversus, and S. enterica) [16,76–78]. Propolis in nanoencapsulation form has a higher Minimum Inhibitory 
Concentration (MIC) against bacteria compared to propolis not in nanoencapsulation form. Nanoencapsulation propolis with MIC 100 
to 375 µg/mL are more effective than non nanoencapsulation form [76,78].

4.4. Solid lipid nanoparticle (SLN)

Solid Lipid Nanoparticles (SLNs) are stable colloidal carriers composed of solid lipids with a size range of 10–1000 nm, consisting of 
lipids dispersed in an aqueous phase. These nanoparticles are formed from a solid lipid core stabilized by surfactants and contain 
dissolved or dispersed drugs [79–81]. The rigidity of the lipid core is an important parameter that determines the drug release rate. 
These nanoparticles have low toxicity [79]. The mechanism of action of Solid Lipid Nanoparticles (SLN) of propolis against its anti
bacterial activity involves the prevention of biofilm formation, inhibition of ATPase activity, damage of bacterial membranes, and 
disruption of bacterial division, ultimately leading to membrane damage [80]. In addition, Propolis SLN (PSLN) has an antioxidant 
effect that is not as good as propolis ethanolic extract (PEE), because the structure of PSLN resembles lipid particles. The antioxidant 

Fig. 8. Antibacterial mechanism of Solid Lipid Nanoparticle (SLN).
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performance of PSLN in the ABTS test is weaker compared to PEE. ABTS is soluble in water and organic solvents, while DPPH is only 
soluble in organic solvents. Therefore, PEE shows better results due to the presence of more hydrophilic and lipophilic compounds 
compared to PSLN [80]. The mechanism of the antibacterial effect of solid lipid nanoparticles (SLN) is illustrated in Fig. 8.

Based on the analysis results in Table 1, propolis nanoparticles of the Solid Lipid Nanoparticle (SLN) type were effective in 
inhibiting four types of bacteria (E. coli, S. aureus, B. subtilis, and P. aeruginosa) [80]. Ethanol propolis extract and propolis Solid Lipid 
Nanoparticles (PSLN) were effective against the inhibition of various types of bacteria [80]. Solid lipid nanoparticles (SLN) are used 
directly [80].

Propolis in Solid Lipid Nanoparticles (SLN) form has effective antibacterial properties against several types of pathogenic bacteria 
(E. coli, S. aureus, B. subtilis, and P. aeruginosa) [80]. Propolis in Solid Lipid Nanoparticles (SLN) form has a higher Minimum Inhibitory 
Concentration (MIC) against bacteria compared to propolis not in Solid Lipid Nanoparticles (SLN) form. Propolis SLN with 0.125 ±
0.008 to 1 mg/mL are more effective than non SLN form with MIC 0.125 ± 0.029 to 2 mg/mL [80].

4.5. Polymer nanoparticle

Polymer nanoparticles are particles with a size range of 1–1000 nm and can be loaded with active compounds that are either 
trapped inside or adsorbed onto the surface of the polymer core [82]. Polymer nanoparticles have great potential for targeted drug 
delivery in the treatment of several diseases [82]. Polymer nanoparticles can penetrate and disrupt microbial cell membranes through 
abrasiveness that damages bacterial cell membranes, induces intracellular antibacterial effects such as the production of reactive 
oxygen species (ROS), interacts with DNA/RNA and proteins, inactivates enzymes, enhances efflux by overexpressing efflux pumps, 
decreases cell permeability, releases metal ions, and inhibits biofilm formation[83,84]. The mechanism underlying the antibacterial 
effect of the polymer is illustrated in Fig. 9.

Based on the analysis results in Table 1, propolis nanoparticles of the polymer nanoparticle type are effective in inhibiting seven 
types of bacteria (S. aureus, K. pneumonia, E. coli, P. aeruginosa, A. baumannii, E. faecalis, and S. mutans) and 1 type of fungi (C. Albicans) 
[84,85].

Polymer nanoparticle propolis has a significant inhibitory effect on the growth of several types of bacteria [85]. Propolis polymer 
nanoparticles can be used as root canal sealers. Sealers containing propolis polymer nanoparticles have shown antibacterial activity 
against several types of bacteria [84]. Polymer nanoparticle propolis is used for wound healing [85] and root canal sealer forms [84] 
for dental and oral care.

Propolis in polymer form has effective antibacterial properties against several types of pathogenic bacteria (S. aureus, K. pneumonia, 
E. coli, P. aeruginosa, A. baumannii, E. faecalis, and S. mutans) and 1 type of fungi (C. Albicans) [84,85]. Propolis in polymer form has a 
higher Minimum Inhibitory Concentration (MIC) against bacteria compared to propolis not in polymer form. Nanoparticle polymer 
propolis with 100 to 250 µg/mL are more effective than non nanoencapsulation form with MIC 1250 µg/mL [84,85]. Propolis in 
polymer form has not a higher Minimum Inhibitory Concentration (MIC) against bacteria compared to antibiotic. Nanoparticle 
polymer propolis with 100 to 250 µg/mL were not more effective than antibioticm with MIC 1 µg/mL [84,85].

5. Discussion

In this study, the effectiveness of propolis nanoparticles was evaluated based on the frequency of technology use and the number of 

Fig. 9. Antibacterial mechanism of Polymer Nanoparticle.
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bacterial species inhibited. Based on the number of technologies used, nanoparticles in the form of nanoemulsions are more applicable 
than nanoparticles in the form of NLC, nanosheets, nanoencapsulation, Solid Lipid Nanoparticles (SLN), and polymer nanoparticles. 
Nanoemulsions can be applied in three forms: directly, made into resin composites, and as bioceramic sealers (in dental treatment). 
Propolis nanoparticles in the form of NLC, nanosheets, and SLN can only be directly applied.

The application of propolis nanoparticles in the form of metallic nanoparticles is more widespread than in all other forms of 
propolis nanoparticles. Metallic propolis nanoparticles can be applied in eight ways: directly made into composites, gels, meat 
packaging, wound sewing, wound dressings, wound healing, and combined with chloramphenicol to enhance antibacterial activity.

Chitosan nanoparticle propolis can be applied in seven forms: directly used, made into edible coatings, edible films, intracanal 
medicaments, combined with antibiotics, and made into pastes and varnishes for dental and oral care. Chitosan nanoparticle propolis 
has more applications than nanoemulsions, Nanostructured Lipid Carriers, nanosheets, nanoencapsulation, Solid Lipid Nanoparticles 
(SLN), and polymer nanoparticles.

Nanoencapsulation of propolis can be applied in two ways: directly or in the form of wound healing. The application of nano
encapsulated propolis is more extensive than the application of Nanostructured Lipid Carriers, nanosheets, and Solid Lipid Nano
particles (SLN), where SLN can only be applied in their own SLN form.

Polymer nanoparticle propolis can be applied in two ways: for wound healing and as a root canal sealer, which is more effective 
than Nanostructured Lipid Carriers, nanosheets, and Solid Lipid Nanoparticles (SLN).

The effectiveness of propolis nanoparticles, as reviewed by the number of bacterial species they can inhibit, showed that nano
emulsions can inhibit up to five types of bacteria (P. aeruginosa, S. mutans, S. sanguinis, L. acidophilus, and E. faecalis). The antibacterial 
properties of nanoemulsions are more effective than those of NLC, which can inhibit two types of bacteria (B. subtilis and S. aureus), and 
nanosheets that can only inhibit two types of bacteria (S. aureus, E. coli).

The antibacterial properties of propolis in the form of metallic nanoparticles have the highest inhibitory effect compared to all other 
nanoparticle forms, being able to inhibit 19 types of bacteria (E. coli, S. typhi, P. aeruginosa, B. cereus, S. aureus, biofilm P. gingivalis, K. 
pneumoniae, A. baumannii, E. faecalis, B. subtilitis, S. pyogenes, S. enterica, S. sciuri, S. enterica typhimurium, S. epidermidis, S. marcesens, L. 
monocytogenes, S. enteritidis, and P. vulgaris).

The antibacterial properties of propolis chitosan nanoparticles can inhibit 10 types of bacteria (E. coli, S. aureus, S. epidermidis, S. 
sciuri, S. typhimurium, P. aeruginosa, biofilm E. faecalis, K. pneumonia, L. monocytogenes, and S. mutans). Chitosan nanoparticle propolis 
has more effective antibacterial properties than nanoemulsions, nanosheets, Nanostructured Lipid Carriers (NLCs), nano
encapsulation, Solid Lipid Nanoparticles (SLNs), and polymer nanoparticles.

Nanoencapsulation was effective as an antibacterial agent against five types of bacteria (E. coli, S. aureus, P. vulgaris, C. diversus, and 
S. enterica). Nanoencapsulation is more effective than some types of nanoparticles, such as Nanostructured Lipid Carriers (NLCs), 
nanosheets, and Solid Lipid Nanoparticles (SLNs), and has the same bacterial inhibitory effectiveness as nanoemulsions.

Solid Lipid Nanoparticles (SLNs) are effective at inhibiting four types of bacteria (E. coli, S. aureus, B. subtilis, and P. aeruginosa). SLN 
are more effective than some types of nanoparticles, such as Nanostructured Lipid Carriers (NLC) and nanosheets.

Polymer nanoparticle propolis has effective antibacterial activity against seven types of bacteria (S. aureus, K. pneumonia, E. coli, P. 
aeruginosa, A. baumannii, E. faecalis, and S. mutans). Polymer nanoparticle propolis has good antibacterial effectiveness compared with 
nanoemulsions, Nanostructured Lipid Carriers (NLCs), nanosheets, and Solid Lipid Nanoparticles (SLNs).

Propolis treatment made into nanoparticle preparations in various forms can increase the Minimum Inhibitory Concentration (MIC) 
of bacteria higher than those without nanoparticle form. However, propolis treatment into nanoparticles has a lower effectiveness in 
inhibiting bacteria compared to antibiotics, except for the chitosan nanoparticle form of propolis. Chitosan nanoparticle propolis 
showed better MIC data compared to antibiotics.

6. Challenges and future perspectives

Based on the results of this study, it is known that there are already quite a few applications of nanoparticles available, but their 
effectiveness as antibacterial agents in each form has not been widely reported. The wide variety of technologies and lack of infor
mation about their effectiveness make the application of nanoparticles, especially as antibacterial agents, less practical.

To overcome this, it is necessary to study and create effective, safe, and easy-to-use nanoparticle products. In the field of health, 
nanoparticle products are expected to be combined with other treatments to make them more effective in treating diseases. Besides 
being used in the pharmaceutical and health fields, the use of propolis nanoparticles is also expected to be developed for other areas of 
human well-being, such as antiviral, antifungal, and anticancer properties of propolis nanoparticles.

7. Conclusion

Based on the analysis conducted, it was found that metallic nanoparticle propolis had the most applications compared with other 
nanoparticles. The number of applications for propolis nanoparticles, in order, are as follows: 1) metallic nanoparticles, 2) chitosan 
nanoparticles, 3) nanoemulsions, 4) polymer nanoparticles, 5) nanoencapsulation, 6) NLC, nanosheets, and SLN. In terms of the 
number of bacteria inhibited by nanoparticles, propolis in the form of metallic nanoparticles had the highest ability to inhibit most 
types of bacteria. The nanoparticles that inhibited most bacteria, in order, were as follows: 1) metallic nanoparticles, 2) chitosan 
nanoparticles, 3) polymer nanoparticles, 4) nanoemulsions, 5) nanoencapsulation, 6) SLN, 7) nanosheets, and NLC. Propolis treatment 
made into nanoparticle preparations in various forms can increase the Minimum Inhibitory Concentration (MIC) of bacteria higher 
than those without nanoparticle form. However, propolis treatment into nanoparticles has a lower effectiveness in inhibiting bacteria 
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compared to antibiotics, except for the chitosan nanoparticle form of propolis. Chitosan nanoparticle propolis showed better MIC data 
compared to antibiotics.
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[55] E. Adomavičiute, et al., Formation and investigation of electrospun PLA materials with propolis extracts and silver nanoparticles for biomedical applications, 
J. Nanomater. 2017 (2017), https://doi.org/10.1155/2017/8612819.
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