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ABSTRACT

Background
Endodontic root canal treatment is a treatment that can be 
performed in the dental pulp necrosis. Failure in endodontic 
root canal treatment can still occur, although it has been done in 
accordance with procedures. One cause of failure of root canal 
treatment is bacterial resistance to conservative treatment. Some 
microorganisms in pulp necrosis were able to form biofilm to 
enhance pathogen virulence. This happens because the necrotic 
pulp tissue is an opportunistic environment for development of 
microorganisms due to organic residues or nutrients, which 
serve as a substrate or microorganism culture. One of these 
microorganisms is Enterococcus faecalis. Medicament 
needed to eliminate microorganisms in the root canal pulp necrosis, 
especially in the form of bacterial biofilms. The problem 
faced by this time almost all the materials used in dentistry is a 
chemical and it has side effects, it is necessary for natural 
ingredients from nature that has antibacterial or antibiofilm. 
Antibiofilm or antibacterial agent can be found in propolis. 
Propolis contains tt-farnesol and apegenin that have mechanisms 
for inhibiting growth and development of bacterial biofilm.

Purpose
The aim of this study was to know the antibiofilm effects of 
propolis extracts by determining its minimum inhibitory 
concentration to Enterococcus faecalis biofilm.

Methods
This study is an in-vitro experimental research laboratory. 
Propolis extract used is propolis extracted by maceration method, 
and dilution into several concentrations using aquadest. Biofilm 
formation was observed using the microtitter plate method then 
continued reading of Optical Density (OD) using ELISA reader 
to determine the minimum inhibitory concentration of propolis 
extracts to Enterococcus faecalis biofilm

Results
Minimum concentrations of propolis extract can inhibit the growth 
and development of Enterococcus faecalis biofilm is 5,75%.

Conclusion
Influence of propolis extract in inhibiting the formation of bio-

film produced by Enterococcus faecalis, compared with no 
propolis extract. Propolis extract concentration by 5,75% is 
Minimum Inhibitory Concentration to Enterococcus faecalis 
biofilm in vitro.

INTRODUCTION
 
Pulp necrosis is death of part or all of the pulp tissue, usually 
caused by inflammation or traumatic injury. Pulp necrosis is also a 
process of bacterial infection. The treatment plan can be made in 
the treatment of pulp necrosis is a root canal treatment. Root canal 
treatment aims to restore the state of the sore tooth to be accepted 
by the biological surrounding tissues. This means that the tooth can 
function and no signs of other pathology.1,2

Root canal treatment failure can still occur despite 
conducted in accordance with procedures. Root canal treatment 
failure can be caused of bacteria resistant to conservative treatment. 
Allegedly some microorganisms in endodontic infections able to 
form biofilms as a significant mechanism in avoiding the host 
defense system and increase the virulence of the pathogen.3,4

Biofilms can be defined as microbial populations containing 
organic or inorganic substrate, which is coated by 
extracellular microbial products, which form the matrix inter 
microbial. In biofilms, microorganisms showed higher resistance, 
both on antimicrobial agents and host defense mechanisms when 
compared in the form of planktonic cells. Biofilm formation is 
a complex process involving the formation of attachment and 
immobilization, cell to cell interactions, forming micro colonies, 
confluent biofilm formation, and biofilm formation of three- 
dimensional structures. Bacteria in biofilms have different 
properties to the planktonic form. Biofilm production is 
regulated by quorum sensing system in several pathogenic bacteria. 
Quorum sensing is a regulatory system of bacterial gene expression 
in response to population density of microorganisms obtained 
through the production of extracellular signaling molecules called 
auto inducers.3,5

Biofilm formation on root canal may be started after the first 
invasion of the pulp chamber by oral planktonic 
microorganism. Necrotic pulp tissue into a favorable environment 
for the proliferation of microorganisms due to the presence of 
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organic residues or nutrients, which serves as a substrate 
medium or culture microorganisms. In the study of microbial 
biofilm communities found some root canal one is E. faecalis.6,7

E. faecalis is a microorganism that despite persistent small amounts 
of necrosis in the root canal, but it plays a role in the occurrence 
of persistent periradicular lesions after root canal treatment. 
E. faecalis can survive in adverse conditions, such as root canal 
instrumentation and obturation was done with only a few nutrients 
are available. Model of growth through the formation of biofilms.8

 
There are three basic stages in the definitive root canal treatment 
has known as the “Triad of Endodontic”, which consists of the 
biomechanical preparation, irrigation and disinfection, and 
obturation. Eliminating the remaining pulp tissue in dentin 
and eliminate microorganisms contained in the root canal is 
dominant during root canal treatment. Irrigation and biomechanical 
preparation can’t eliminate the entire microorganisms in the root 
canal. Thus, the use of root canal sterilization is required for root 
canal treatment. Problems encountered in the field of dentistry 
today is almost all materials used in dental treatment is a chemical 
and has side effects.9,10,11

Studies in Indonesia today is mostly done to find substitute 
materials chemicals using basic ingredients of 
traditional plant or materials which may be obtained from the 
natural environment in Indonesia. Indonesia has known to have 
various types of local bees. Honeybees produce some products 
that have utility both for itself and for the human. One of their 
products is bee glue or propolis. Bee glue or propolis has known to 
have antibacterial activity that can be used for both pulp therapy in 
primary teeth and permanent.11,12

Propolis is a sticky resin that comes from a tree trunk or bark, 
collected and processed by bees salivary fluid secretion. 
Each type of bee has a specific resin existing resources in their 
respective areas so that the composition of propolis varies. The 
main components of propolis are flavonoids and phenolic acids, 
including caffeic acid phenylesthylester (CAPE) that its content 
reaches 50% of the entire composition. Based on the results of 
the study, in the commercial propolis and extract contained the 
same active compound, which contains flavonoids, phenolic, 
hidroquinon, tannins, volatile oils, steroids, saponins and reducing 
sugars. In the propolis extract also contained tt-farnesol (terpenoid) 
and apigenin.13,14,15

The purpose of this study was to determine the minimum 
inhibitory concentration of propolis extract against bacterial 
biofilms of E. faecalis, which later can be considered the use of 
propolis extracts as an ingredient for the success of the sterilization 
of the root canal treatment to inhibit bacterial biofilm formation of 
E. faecalis.

METHODS AND MATERIALS

This research is an experimental research laboratory in-vitro with 
post-test only control group design. Samples of this research 
are propolis extracts which diluted in various concentrations 
using distilled water diluent. The materials used are oese, brander 
spirits, incubators, anaerobic jar, test tube, test tube rack, petri 
dish, pipettes, microscopes, 96-well flat-bottomed plastic tissue 
culture plate, ELISA reader, Tryptone Soy Broth (TSB) medium, the 

stock of E. faecalis bacteria, a solution of phosphate-buffered saline 
(pH 7,3), propolis extract, sterile distilled water, crystal violet 0,2 
ml of 2%, and isopropanol.

Propolis extract obtained from Balai Penelitian dan 
Konsultasi Industri (BPKI) Surabaya which extracted by 
maceration method (number of laboratory test results 03573/KI/
VI-2012). Furthermore, the method of thinning of the series to get 
a wide range of concentrations, ie 11,45%, 5,75%, 2,86%, 1,43%, 
0,715%, 0,38%, 0,19%, and 0,10%. E. faecalis bacteria were 
used obtained from Balai Besar Laboratorium Kesehatan (BBLK) 
Surabaya.

Biofilm formation and determination of minimum inhibitory 
concentration: Culture E. faecalis in Trypticase Soy Broth (TSB) 
diluted to 1:100 in TSB glu overnight. Then 0,1 ml of 
E. faecalis at the concentration of 1x 106 bacteria/ml loaded on 
96-well flat-bottomed plastic tissue culture plate and 0,2 ml 
of E. faecalis loaded in 96-well flat-bottomed plastic tissue 
culture plate as a positive control. Furthermore, microtitter was 
incubated for 24 hours at the temperature of 37oC. After 24 hours, 
propolis extract was applied into each microtitter in 11,45%, 
5,75%, 2,86%, 1,43%, 0,715%, 0,38%, 0,19%, and 0,10% and 
then incubated for 24 hours at a temperature of 37oC and the 
contents of each microtitter plate aspirated and washed 3 times 
with 0,2 ml of phosphate-buffered saline (pH 7,3) by using a 
pipette. Biofilm microorganisms which attached to the well were 
painted with crystal violet. Flushing is done by using distilled 
water and dried. To analyze biofilm formation, added 0,2 ml of 
isopropanol in each well then measured by Optical Density (OD) 
at 570 nm using an ELISA reader.

The data was obtained from the quantitative data in the form of 
readings on spectophotometric Optical Density (OD) of each 
well plates which treated differently that propolis extract with a 
concentration of 11,45%, 5,75%, 2,86%, 1,43%, 0,715%, 0,38%, 
0,19%, 0,10%, and the positive control well without application of 
propolis extract. After that, the data were analyzed using one-way 
ANOVA test.

RESULTS

Researcher did the study using a bacterial biofilm-forming 
E. faecalis and subsequently given propolis extract concentration of 
11,45%, 5,75%, 2,86%, 1,43%, 0,715%, 0,38%, 0,19%, 0,10%, 
and 0% as the positive control treatment given to the microtitter 
plate.

The results showed that the propolis extract is able to inhibit E. 
faecalis biofilm formation. In this study, concentration of the 
extract was ranging from 0,10% to inhibit biofilm growth (Table 1). 
From the analysis, it is known that at the concentration of 5,75% of 
propolis extract, contained biofilm bacteria less than 10%, so the 
concentration of 5,75% is the minimum inhibitory concentration 
of propolis extract against E. faecalis biofilm.

DISCUSSION

Biofilm formation on root canal may be started after the first 
invasion of the pulp chamber by oral planktonic microorganisms. 
Necrotic pulp tissue become a favorable environment for the 
proliferation of microorganisms due to the presence of organic 
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Fig 1. The results of staining with Crystal Violet on E. faecalis 
Biofilm Bacteria Application of Different Concentrations with 
Propolis Extract
a. Control
b. Propolis extract at the concentration of 11,45%
c. Propolis extract at the concentration of 5,75%
d. Propolis extract at the concentration of 2,86%
e. Propolis extract at the concentration of 1,43%
f. Propolis extract at the concentration of 0,715%
g. Propolis extract at the concentration of 0,38%
h. Propolis extract at the concentration of 0,19%
i. Propolis extract at the concentration of 0,10%

Table 1. Measurement Result of 
ELISA reader OD E. faecalis Biofilm

Fig 2. Graphs Measurement Results OD ELISA Reader Biofilm

Extract concentration n Mean OD OD

0% 5 3,344 100%

0,10% 5 1,2264 36,67%

0,19% 5 1,2536 37,48%

0,38% 5 0,7802 23.33%

0,715% 5 0,6292 18,81%

1,43% 5 0,5706 17,06%

2,86% 5 0,4898 14,65%

5,75% 5 0,3304 9,88%

11,45% 5 0,3360 10,04%

residues or nutrients, which serves as a substrate or culture 
medium mikroorganism.6

Research in the field of health to propolis have been carried 
out, both in vitro and in vivo. Fokt et al 2010, the study showed 
propolis has multiple biological and pharmacological activity, 
propolis in addition to act as antibacterial against Gram positive 
and Gram negative, propolis also has anti-inflammatory, anti- 
fungal, antiviral, anti-oxidant, anti -protozoal, anti-tumor, 
hepatoprotective, anti-ulcer, cardio-protective, neuroprotective, 
radioprotective, immunomodulatory, lowering blood pressure 
and cholesterol levels of the body. Propolis also promote the 
regeneration of tissue, bone, and cartilage. Propolis can also stop 

the formation of bacterial biofilms.16,17,18,19

Tt-Farnesol and apigenin content in propolis have 
instrumental in stopping the formation of biofilm 
microorganisms. This is consistent with the study of Koo et al., 2003, 
which found that the content of propolis, namely apigenin (4’,5,7- 
trihydroxyl-flavone) and tt-farnesol (3,7,11-trimethyl-2,6,10- 
dodecatrien-1-ol), it causes a decrease in the amount of 
polysaccharides in the biofilm microorganisms without interfering 
with the survival of the bacteria. Because apigenin and tt-farnesol 
have bacteriostatic capability. This means being able to overcome 
the infection without killing the microorganisms of the oral cavity 
of normal and not cause resistance of bacteria.15

Apigenin and tt-farnesol affects one of the polysaccharides in 
the biofilm, which is alkali-soluble glucan, so that will inhibit 
biofilm formation. Alkali-soluble glucan is a function of extracellular 
glucan to adherence to the cell surface. Insoluble glucans 
synthesized from sucrose by GTFs (glucosyltransferases) also 
play an important role in the attachment and colonization of 
microorganisms. Apigenin and tt-farnesol have a significant 
impact on the further development and biofilm accumulation by 
influencing the synthesis of polysaccharides in the biofilm.15

Apigenin and tt-farnesol have different mechanisms to reduce 
the synthesis of glucan. The main targets for apigenin is GTF 
enzymes (glucosyl transferase). Inhibition of glucan synthesis by 
tt-farnesol have an effect on the cell membrane, rather than enzymatic 
activity, because tt-farnesol is poor for GTFs inhibitor. The 
chemical structure and lipophilic nature of tt-farnesol 
support for membrane damage, which is caused by changes in 
permeability and fluidity of cell membranes. Agents are capable 
of causing damage to the cell membrane not only reduces the 
metabolism of bacteria, but it also affects the synthesis of glucan 
by microorganism.15

The results showed that the extract of propolis is able to 
inhibit the formation of biofilms by E. faecalis bacteria. At extract 
concentrations ranging from 0,10% can inhibit biofilm growth 
(Table 1). From the analysis, it is known that the concentration 
of propolis extract contained 5,75% of biofilm bacteria with a 
percentage of less than 10% or at this concentration of propolis 
extract could inhibit biofilm by 90%, resulting in a concentration 
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of 5,75% is the minimum inhibitory concentration of the extract of 
propolis against E. faecalis biofilm bacteria. This is because propolis 
extract contains tt-farnesol/terpenoid and apigenin that can cause 
disorders of biofilm membrane and cause a decrease in the amount 
of polysaccharides in biofilms that occur subsequent release of 
cellular content of biofilms. It is characterized by elevated 
concentrations of proteins and polysaccharides outside cells.15,19

It can be concluded that propolis extract plays an important role 
in the inhibition of biofilm formation produced by the E. faecalis 
bacteria, compared with no extract of propolis and propolis extract 
the minimum inhibitory concentration against E. faecalis biofilm 
bacteria in vitro of 5,75%.
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