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ABSTRACT

Antimicrobial Effect of Propolis Drops On Oral Pathogens: An
In Vitro Study

Background: The aim of this in vitro study was to evaluate the
antimicrobial effectiveness of various propolis drops found easily
in Turkey against two oral pathogens; Streptococcus mutans and
Enterococcus faecalis.

Methods: Seven different propolis drops (Group 1 to 7: Umay
Herbal Organic Propolis, Bee'o Up [15%], Propoli EVSP, Brazilian
Green Liquid Propolis, Egricayir Propolis, Bee'o Up [30%],
Biostore Propolis) were included in the study. Antimicrobial effect
of drops was investigated by the agar plate diffusion method. Petri
dishes were prepared with Brain-Heart Infusion broth. 100 ul of
microorganisms and 10 ul of each propolis were planted to these
petri dishes from a broth culture. Inhibition zones formed on the
24th hour were measured in mm's and each experimental group
was photographed. Data were compared by Mann Whitney-U test.

Results: Only water-based propolis of the present study (Group
1) formed no inhibition zone against both oral pathogens and
alcohol-based groups 4 and 5 formed no zone only against the
latter. Group 5 showed significantly the highest antimicrobial effect
against S. mutans, however that group showed no influence on E.
faecalis. Group 6 was found significantly more effective on E.
faecalis than other propolis drops (p<0.05).

Conclusion: All of the groups showed antimicrobial effect on
either one of the oral pathogens except for the water-based
propolis drop. Compared to E. faecalis, tested propolis drops had
affected S. mutans more. Thus, propolis extracts could be used as
a more natural and harmless prevention method to dental caries
specifically.
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0z
Farkhi  Propolis Damlalarinin  Oral Patojenlere  Karsi

Antimikrobiyal Etkinliginin Degerlendirilmesi: Bir In Vitro
Calisma

Amag: Bu in vitro calismanin amaci, Turkiye'de kolaylikla bulunan
cesitli propolis damlalarinin iki oral patojene (Streptococcus
mutans ve Enterococcus faecalis) karsi antimikrobiyal
etkinliklerinin degerlendirilmesidir.

Gereg ve Yontemler: Calismaya yedi farkli propolis damlasi (1'den
7'ye gruplar: Umay Herbal Organic Propolis, Bee'o Up [%15],
Propoli EVSP, Brazilian Green Liquid Propolis, Egricayir Propolis,
Bee'o Up [%30], Biostore Propolis) dahil edildi. Bakteriler 100 pul,
her bir propolis 6rnegi ise10 ul olacak sekilde yayma ekim teknigi
ile Brain-Heart Infusion agar besiyerine ekildi. Petri kutular bakteri
Uremesi igin 24 saat inkibasyona birakildi ve sonugta olusan zon
caplarl 6lctldl. Her deney grubu fotografland. Istatistiksel analiz
Mann Whitney-U testi kullanilarak yapildi.

Bulgular: Su bazli propolis (Grup 1) iki oral patojene karsi da
inhibisyon bélgesi olusturamamistir. Alkol bazl propolislerden ise,
yalnizca 4. ve 5. gruplar E. faecalis' e kargl etkinlik
gbsterememistir. S. mutanslara karsi en yuksek antimikrobiyal etki
5. grup'ta géralirken, ayni grup E. faecalis Uzerinde herhangi bir
etki gbsterememistir. 6. grup, E. faecalis Uizerinde diger propolis
damlalarindan anlamli olarak daha etkili bulunmustur (p<0,05).

Sonug: Test edilen propolis damlalart E. faecalis ile
karsilagtinldiginda, S. mutanslan daha fazla etkilemistir. Su bazl
propolis grubu hari¢, gruplann timunin, en az bir oral patojen
Uzerinde antimikrobiyal etkiye sahip oldugu gorilmustir. Bu
nedenle, propolis ekstreleri 6zellikle dis clrigini énlemede daha
dogal ve zararsiz materyaller olarak kullanilabilir.

ANAHTAR KELIMELER

Antimikrobiyal etkinlik, inhibisyon alani, Oral patojenler,
Propolis

The oral cavity contains various kinds of species
including bacteria and fungi.' All of these
compromises the oral microbiota on equilibrium and
the excessive amount of any species could create oral
diseases. Gathering of species to form oral biofilm is
an important virulence factor in the oral cavity, where
many microbial species share the same ecological
field, compete for resources and thus, influence each
other. To explain the importance, it is clear that oral
biofilm is mainly responsible for many oral diseases.?

Regarding dental caries, the main etiological agent is

Streptococcus mutans (S. mutans) among other
Streptococcus groups which have been described and
divided by gene sequence comparisons as pyogenic,
mitis, anginosus, mutans, salivarius, and bovis.2 S.
mutans plays a central role in the development of
cariogenic biofilms, mainly due to its acid-tolerant and
acidogenic characteristics. This microorganism uses
dietary sucrose for the carbohydrate fermentation
process that creates a low-pH oral environment
resulting in enamel and dentin demineralization.® Apart
from Streptococcus species, Enterococcus faecalis
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(E. faecalis), which is the predominant human
enterococcus, is also important for oral health, since it
is mainly an indicator of failures of endodontic
treatments.* E. faecalis localizes in root canals of
devitalized teeth and is responsible for apical
inflammation.*®* Moreover, E. faecalis has also related
to oral diseases, such as caries, periodontitis, and
peri-implantitis in certain studies as well.5” Recently,
Anderson et al. have reported that oral isolates had the
highest percentages of virulence genes as well as
extracellular enzymes and a capacity to form biofilms.8
Due to E. faecalis' resistance to common endodontic
irrigants, chlorhexidine (CHX) is generally used for root
canal therapies instead of calcium hydroxide and it
showed significant microbial reduction.®

Since oral diseases, such as dental caries, are among
the most common non-communicable diseases, great
importance on any prevention method should be taken
into consideration by health care providers.'® As there
are more than 700 species of bacteria in the oral
environment that could cause demineralization
reactions and persistent inflammations, it is advisable
to use natural products that have been contributing
significantly to drug development as well. Among
these, different kinds of propolis are such products
that are valuable for their biological properties,
including antimicrobial, antifungal and antitumor
effects with direct application in dentistry.®'"'2 Propolis
is a resinous hive product collected by Apis mellifera
bees. Additively, it contains bioactive molecules and
generally used for oral ulcers.™ However, regarding its
effects on inhibiting glucosyltransferase enzymes and
diminishing acid production of S. mutans, it could be
used as an anticaries agent as well." For instance,
Duarte et al. showed less acid production and
tolerance of cariogenic Streptococci after propolis
extracts in smooth surface caries of rats.' De Luca et
al. had also found in an in vivo study that propolis
varnish prevented smooth-surface enamel caries and
showed low cell toxicity.® Hence, propolis could affect
cariogenic bacteria directly and help to prevent not
only oral ulcers but also other oral diseases as well.

Considering that there is a lack of studies including
commonly consumed propolis products in Turkey, the
aim of the present in vitro study is to compare the
antimicrobial effect of these products against leading
oral pathogens, S. mutans and E. faecalis. CHX and
chloramphenicol were used as positive controls. The
null hypothesis was that there is no significant
difference among the propolis groups.

MATERIALS AND METHODS

Material selection

Seven different propolis drops that were commonly
consumed in Turkey were chosen to be used in the
present study. Numbers of the groups and contents of

each propolis drop are given in Table 1.
Table 1.

Group numbers and content of the propolis drops
used in the study

Umay Herbal Water, organic propolis extract, crude

L Organic Propolis propolis (44.4%) Rick

2 Bee'o Up Water, glycol, propolis (15%) Drop
Water, glycerol, L-ascorbic acid,

3 Propoli EVSP propolis extract (%20), green tea and Drop
grapes aroma

Brazilian Green .
4 Liquid Propolis Water, propolis (10%) Drop
o "

5 Egrigayir Propolis Water, alcohol (67%), crude propolis Drop
(30%)

6 Bee'o Up Water, grain alcohol, propolis (30%) Drop

7 Biostore Propolis Water, Glycerol, propolis (10%) Drop

Microorganisms

Microorganisms used in the present study were
Streptococcus Mutans ATCC 25175 and Enterococcus
Faecalis ATCC 29212. Bacterial strains were supplied
by Scientific Research Projects Coordination Unit of
Istanbul University (Project No: 30073).

In vitro experiment

Properly lyophilized bacterial strains were diluted
according to Mac-Farland 0.5 and incubated at 37°C
for 24 hours. 18 standard petri dishes were prepared
with Brain-Heart Infusion broth. 100 ul of each
microorganism were planted to these petri dishes from
a broth culture. Then, 10 ul of each propolis was
planted to 6 mm diameters of discs. As a negative
control, 10 ul of saline solution, and as the positive
controls, 10 ul of chloramphenicol and 2% CHX were
impregnated in each disc. The total amount of
antimicrobials was calculated to be lower than 30 ug.
Both propolis and antimicrobial discs were placed on
petri dishes with a sterilized forceps. For each bacterial
and propolis sample, the experiment was performed in
duplicate. Then, the dishes were incubated in the oven
at 37°C for 24 hours. Eventually, inhibition zones were
measured in mm's. and each experimental group was
photographed.

Statistical Analysis

Data were analyzed through SPSS 24.0 software
(SPSS Inc., Chicago, IL, USA). The normality of data
was examined by Kolmogorov-Smirnov and Shapiro-
Wilk tests. The data from zones of inhibition of each
bacterium related to groups were compared by a
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non-parametric Mann Whitney-U test. The level of
significance was set to 0.05.

RESULTS

Mean zones of microbial growth inhibition by propolis
drops are shown in Table 2.

Table 2.

Mean area of zones (mm) and statistical
significance of bacterial growth by propolis drops
and antibacterial agents. *

1 Umay Organic Propolis 0* o
2 Bee'o Up 15% 20° 16®
3 Propoli EVSP 14° 14°
4 Brazilian Green Liquid 15¢ ot
5 Egricayir 30° o
6 Bee'o Up 30% 24" 16°
7 Biostore 129 8°
Pos. Control CHX 34" 34°
Pos. Control Chloramphenicol 22 22F

*Different superscripsts showed statistical significance between groups (p<0.05). Lower
and upper cases are used for different bacteria.

It is shown on the table that positive control groups
demonstrated the widest inhibitory zones. All of the
propolis groups showed lower inhibition of bacteria
than positive control groups. Besides, CHX had the
highest inhibition and this result is statistically
significantly different than all of the groups including
chloramphenicol (p=0.000). The first experimental
group (Umay Organic) presented no growth of either
S. mutans or E. faecalis (Figure 1). Similarly,

experimental groups 4 and 5 showed no inhibitory
zone against E. faecalis.

Figure 1

Cultivation of S. mutans and E. faecalis in the same medium with
experimental group 1 and positive control groups.*

All experimental propolis drops formed statistically
significantly different inhibition zones against S.
mutans (p<0.05). Propolis drops tested against
E. faecalis showed significantly different results

except for the groups 2 and 6 (p=0.362) and 4 and
5 (p=0.186). Reactions of groups 2 and 4 to E.
faecalis are shown in Figure 2.

Figure 2

Example of bone level measurements on ImageJ programme.

DISCUSSION

Oral diseases are both the most common and also
easily preventable pathologies amongst non-
communicable diseases. Dental caries constitute a
great part of these diseases and there are many
methods for preventing caries and protecting risky
teeth such as fluoride intakes, diet analysis, gels
and mousses, oral hygiene motivation and others.'®
On the other hand, other oral diseases such as
periodontitis or endodontic problems usually need
treatment or anti-microbial agents. Nowadays,
herbal extracts and natural products are on great
demand due to their easy usage, lower impact on
systemic health and lack of possibility of drug
resistance.'” As it is previously reported that a
natural product, propolis, had reduced the
cariogenic activity'® and showed certain effects on
oral pathogens such as S. mutans and E. faecalis.®
Therefore, propolis types with various extract ratios
were investigated in the present study. CHX, which
is used as an irrigation solution for infected root
canals and as gels for cavity disinfection19 and
chloramphenicol, which is an antibiotic and used
usually as pasta for infected primary molars®, were
tested as positive controls. Tested propolis drops
showed significantly different inhibition zones, thus
the null hypothesis is rejected.

Propolis extracts have numerous benefits such as
antibacterial, antifungal, antitumoral and
antioxidative.’™?! Its direct mechanism is not known
however it showed that propolis' could directly
damage the cell membrane'® and the main active
ingredients,  phenolic  compounds.’®  These
compounds are responsible for the inhibition of
glucosyltransferase enzyme which creates the
sticky layer to initiate biofilm formation.'”® The
ingredients of propolis products depend on both its
water or alcohol content and also its year of
collection. Although differences from the collection
year distinctively inhibited the biofilm formation of S.
Mutans, it did not influence bacterial growth.'® The
present study had investigated the bacterial growth
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in terms of inhibition zone so, phenolic contents of the
groups had not evaluated. Generally, propolis extracts
are solved in alcoholic contents but except for the
alcohol-based drops, water-based propolis (Group 1)
had included in the present study to distinguish the
effect of alcohol.

Similar to our study, Aglero et al. found that alcohol-
based propolis was more effective.?? In the present
study, only water-based propolis could not inhibit any
of the oral pathogens. Even though that group had the
highest propolis ratio among all groups, it showed no
effect. That result could also support the outcomes
from some studies evaluating water and alcohol-based
propolis'.2224

According to results, group 5 (Egricayir) formed the
largest inhibition zone against S. mutans compared to
positive control groups. That group contains not only
one of the highest propolis ratios (30%), but it also had
the highest alcohol content (67%) among others. One
of the limitations of the study is that there is not an
alcohol group (i.e. ethanol) used as negative control
so, the individual contribution of propolis extract and
alcohol toward inhibition of bacteria cannot be
determined. Although group 5 showed great inhibition
to S. mutans, it could not affect E. faecalis. Besides, the
same reaction was also seen in group 4 (Brazilian
Green Liquid) as well. Propolis extracts showed
superior inhibitory effects against E. faecalis in many
studies.’'32> However, the contra-results on inhibition
of propolis drops could be attributed to the content of
groups. There are conflicting results over Brazilian
green propolis against E. faecalis. Although Brazilian
Green propolis contains astaxanthin, which is 10 times
effective than strong antioxidants,?® carotenoids found
in many propolis formulae, inferior results were found
in the present study. Vasconcelos et al. showed a
16+0.5 mm inhibition zone against E. faecalis and a
22+0.5 mm zone against S. mutans with Brazilian
green propolis.?” The propolis extract used in that study
consisted of 40% crude propolis so, the difference
between the ratios of the content may lead to higher
inhibition zones for both bacteria. However, a study
verified that Brazilian green propolis was only
susceptible to E. faecalis®® and another recent study
showed that green propolis was effective on E. faecalis
as irrigant solution, but not able to inhibit bacteria.?®
10% propolis ratio may not form an inhibitory zone so,
the present study is in accordance with those
researches. Low propolis level in the drop used in the
study could be the reason for inferior results on E.
faecalis.

The main factors of propolis that serve as antioxidants
and show antibacterial and antiinflammatory properties
are mainly flavonoids. Ketones, acids, esters and other
phenolics may contribute to those actions.®® The more
propolis extract involves in solutions, the more
beneficial activities reveals. Therefore it is obvious that

group 7 with 10% propolis extract had the least
inhibition against S. mutans growth and lower
inhibition against E. faecalis. Group 3 had also 20%
of propolis extract however with the addition of L-
ascorbic acid which is an antioxidant as well.
Results of group 3 on both bacteria may appear
from the synergic effect of ascorbic acid and
propolis itself. The importance of the propolis ratio
was revealed between the similar results of groups
2 and 6. All the ingredients were the same except
for half of the propolis ratio of group 2 (15%) and it
showed statistically significantly lower inhibition
than group 6 (30%).

CONCLUSION

The present study determined the effect of various
types of propolis drops, which are found in the
Turkish market, against the growth of common oral
pathogens by measuring inhibition zones. Drops
with higher propolis ratios could able to inhibit S.
mutans and E. faecalis more. Instead of water-based
propolis drops, alcohol-based groups showed
higher inhibition of the growth of oral pathogens.

The molecular level of propolis' was not investigated
in the present study even so, instead of dental forms
such as kinds of toothpaste and mouthwashes, oral
drops that were highly retained to hard and soft
tissues were found effective on especially S.
mutans. Within the limitations of the present study,
propolis extracts could be used as a more natural
and easily accessible prevention method to dental
caries specifically. Further investigations are needed
on improving the standardization of intensity and
type of propolis formulas that can be used in
dentistry areas.

ACKNOWLEDGEMENT

The present study was supported by Scientific
Research Projects Coordination Unit of Istanbul
University (Grant Number: 30073).

676



Selcuk Dent J. 2021

Beyler E, Altiparmak N, Akdeniz SS

REFERENCES

1. Ardizzoni A, Pericolini E, Paulone S, Orsi CF,
Castagnoli A, Oliva |, et al. In vitro effects of
commercial mouthwashes on several virulence
traits of Candida albicans, viridans streptococci
and Enterococcus faecalis colonizing the oral
cavity. PLoS One. 2018;13(11):e0207262.

2. Nobbs AH, Lamont RJ, Jenkinson HF.
Streptococcus adherence and colonization.
Microbiol Mol Biol Rev. 2009;73:407-50.

3. Luca D, Passos M, Freires IA, Gala-Garcia A,
Santos VR, Vale MP, et al. The anti-caries activity
and toxicity of an experimental propolis-containing
varnish. Braz Oral Res, 2017;31:e45.

4. Tazegiil S, Kogak MM, Topuz O, Ozcan S, Cekic
AA, Erten H. Ug Farkli Soliisyonun Streptococcus
mutans ve Enterococcus faecalis Uzerine
Antimikrobiyal Etkinliklerinin Degerlendirimesi. EU
Dis Hek Fak Der. 2006;27:153-158.

5. Ardizzoni A, Blasi E, Rimoldi C, Giardino L, Ambu
E, Righi E, et al. An in vitro and ex vivo study on
two antibiotic-based endodontic irrigants: a
challenge to sodium hypochlorite. New Microbiol.
2009;32:57-66.

6. Kouidhi B, Zmantar T, Mahdouani K, Hentati H,
Bakhrouf A. Antibiotic resistance and adhesion
properties of oral Enterococci associated to dental
caries. BMC Microbiol. 2011;11(1):155.

7. Rams TE, Feik D, Mortensen JE, Degener JE, van
Winkelhoff AJ. Antibiotic  susceptibility of
periodontal Enterococcus faecalis. J Periodontol.
2013;84:1026-33.

8. Anderson AC, Jonas D, Huber |, Karygianni L,
Woélber J, Hellwig E et al. Enterococcus faecalis
from Food, Clinical Specimens, and Oral Sites:
Prevalence of Virulence Factors in Association
with  Biofilm  Formation. Front  Microbiol.
2016;6:1534.

9. Savitha A, SriRekha A, Vijay R, Champa C,
Jaykumar T. An in vivo comparative evaluation of
antimicrobial efficacy of chitosan, chlorhexidine
gluconate gel and their combination as an
intracanal medicament against Enterococcus
faecalis in failed endodontic cases using real time
polymerase chain reaction (QPCR). Saudi Dent J.
2019;31(3):360-366.

10.FDI World Dental Federation. Oral health and non-
communicable diseases. [Internet]. Switzerland:
World Dental Federation; 2011 [cited Jan 13].
Available from:
https://www.fdiworlddental.org/what-we-
do/advocacy/oral-health-and-noncommunicable-
diseases

11.Freires 1A, Alencar SM, Rosalen PL. A
pharmacological perspective on the use of
Brazilian Red Propolis and its isolated compounds
against human diseases. Eur J Med Chem.
2016;110:267-79.

12.Koo H, Gomes BPFA, Rosalen PL, Ambrosano
GMB, Park YK, Cury JA. In vitro antimicrobial activity
of propolis and Arnica montana against oral
pathogens. Arch Oral Biol. 2000;45(2):141-148.

13.Nazeri R, Ghaiour M, Abbasi Sh. Evaluation of
antibacterial effect of propolis and its application in
mouthwash production. Front Dent. 2019;16(1):1-
12.

14.Bueno-Silva B, Alencar SM, Koo H, lkegaki M, Silva
GV, Napimoga MH et al. Anti-Inflammatory and
antimicrobial evaluation of neovestitol and vestitol
isolated from Brazilian red propolis. J Agric Food
Chem. 2013;61(19):4546-50.

15.Duarte S, Rosalen PL, Hayacibara MF, Cury JA,
Bowen WH, Marquis RE, et al. The influence of a
novel propolis on mutans streptococci biofilms and
caries development in rats. Arch Oral Biol.
2006;51(1):15-22.

16.Cardoso JG, lorio NLP, Rodrigues LF, Couri MLB,
Farah A, Maia LC, et al. Influence of a Brazilian wild
green propolis on the enamel mineral loss and
Streptococcus mutans' count in dental biofilm. Arch
Oral Biol. 2016;65:77-81.

17.Shekar BRC, Nagarajappa R, Suma S, Thakur R.
Herbal extracts in oral health care-A review of the
current scenario and its future needs. Pharmacogn
Rev. 2015; 9(18): 87.

18.Veloz JJ, Saavedra N, Lillo A, Alvear M, Barrientos L,
Salazar LA. Antibiofilm activity of Chilean propolis on
Streptococcus mutans is influenced by the year of
collection. BioMed Res Int. 2015;2015:291351.

19.Mostafa M, El-Bayoumy S, Magda EL, El-sayed S.
Evaluation of The Antimicrobial Effect of Propolis
Extract on Oral Microflora. Al-Azhar Dent J.
2019;3(2):135-40.

20.Luengo JF, Ayala SJ, Carlos LEM, Toscano IG,
Anaya MA. Clinical and Radiographic Evaluation of
Formocresol and Chloramphenicol, Tetracycline
and Zinc Oxide-Eugenol Antibiotic Paste in Primary
Teeth Pulpotomies: 24 month follow up. J Clin
Pediatr Dent. 2019;43(1):16-21.

21.Arslan S, Ozbilge H, Kaya EG, Er O. In vitro
antimicrobial activity of propolis, BioPure MTAD,
sodium hypochlorite, and chlorhexidine on
Enterococcus faecalis and Candida albicans. Saudi
Med J. 2011;32(5):479-83.

22.Aguero MB, Svetaz L, Baroni V, Lima B, Luna L,
Zacchino S, et al. Urban propolis from San Juan
province (Argentina): Ethnopharmacological uses
and antifungal activity against Candida and
dermatophytes. Ind Crops Prod. 2014;57:166-73.

23.Airen B, Sarkar PA, Tomar U, Bishen KA.
Antibacterial effect of propolis derived from tribal
region on Streptococcus mutans and Lactobacillus
acidophilus: An in vitro study. J Indian Soc Pedod
Prev Dent. 2018;36(1):48.

677



Antimicrobial Effect of Propolis Drops On Oral Pathogens: An In Vitro Study Cilt 8  SayI 3

24.Jafarzadeh TSK, Kasra RK, Erfan M, Vahid
Dastjerdi E, Rezaei Y, Tabatabaei FS, et al.
Evaluating the in-vitro antibacterial effect of Iranian
propolis on oral microorganisms. Iran J Pharm
Res. 2011;10:363-8.

25.Sardana D, InduShekar KR, Manchanda S, Saraf
BG, Sheoran N. Role of propolis in dentistry:
review of the literature. Focus Altern Complement
Ther. 2013;18(3):118-125.

26.Sawicka D, Car H, Borawska MH, Niklinski J. The
anticancer activity of propolis. Folia Histochem
Cytobiol. 2012;50(1):25-37.

27.Vasconcelos WA, Braga NM, Chitarra VR, Santos
VR, Andrade AL, Domingues RZ. Bioactive glass-
green and red propolis association: antimicrobial
activity against oral pathogen bacteria. Nat Prod
Chem Res. 2014;2(4):154.

28.Gomes RT, Teixeira KIR, Cortés ME, Santos RV.
Antimicrobial activity of a propolis adhesive
formulation on different oral pathogens. Braz J
Oral Sci. 2007;6(22):1387-91.

29.Endo MM, Estrela CR, Alencar AHG, Silva JA,
Decurcio DA, Estrela C. Antibacterial action of red
and green propolis extract in infected root canal.
Rev Odonto Ciénc. 2017;32(2):99-103.

30.Kayaoglu G, Omdirlii H, Akca G, Gurel M, Gencay
O, Sorkun K, et al. Antibacterial activity of Propolis
versus conventional endodontic disinfectants
against Enterococcus faecalis in infected dentinal
tubules. J Endod. 2011;37(3):376-381.

Corresponding Author:

Glnce OZAN

Istanbul University

Faculty of Dentistry

Department of Restorative Dentistry
Istanbul, Turkey

Phone : +90212414 2020

E-mail : gunce.saygi@istanbul.edu.tr

678



