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ABSTRACT

Background: Enterococcus faecalis (E. faecalis) is the most resistant bacteria in the root canals and one of the causes of
recurrent endodontic treatment. Enterococcus faecalis was not the only bacteria found in failed endodontic treatment but
these bacteria can thrive in unfavorable environment. White pomegranate (Punica granatum) is known for its flavonoids
and tannins that function as antimicrobial agent. White pomegranate extract is potential for use as disinfection or
irrigation material. Purpose: This aim of this study was to determine the bactericidal potency of white pomegranate
(Punica granatum) extract on E. faecalis growth. Methods: This study was an in vitro experimental observation. E.
faecalis was obtained from stock culture taken from the root canal of recurrent endodontic treatment. E. faecalis from
the serial dilution were cultured in blood agar media. Antibacterial potency was determined by colony calculation of E.
faecalis growth in blood agar in colony forming unit (CFU) and conducted in 6 replications for each concentration group.
Statistical analysis was done using one-way analysis of variance at 5% significance level. Results: White pomegranate
peels extract concentrations of 3.125%, 6.25%, 12.5% and 25% provide significant decrease in the number of E. faecalis
colony compared to the control group (p<0.05). No bacterial growth was found on 25%, 50% and 100% concentration.
Conclusion: The potent minimal bactericidal concentration of white pomegranate peels extract on E. faecalis was 25%.
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INTRODUCTION

The principles of root canal treatment include biomechanical
preparation, chemo-mechanical disinfection and hermetic
obturation. This principle must be supported by the
successful elimination of infectious microorganisms in
the root canal system.' There are attempts to improve the
success of root canal treatment, including navigating the
efficient instrumentation, effective cleansing,> antibacterial
medicaments and irrigation materials.*

One of the resistant bacteria which survive disinfection
is E. faecalis.® This is supported by anatomical complexity
of the root canal system. E. faecalis may hide in dentine
tubules and unaffected from biomechanical preparation
and disinfection. This may cause undetected periapical
abnormalities which may happen several months or years
after endodontic treatment.”

An ideal disinfection or irrigation material for root canal
treatment procedure should be able to dissolve organic and
inorganic debris, low surface tension, non-carcinogenic,
non-mutagenic, biocompatible, retain high antimicrobial

https://e-journal.unair.ac.id/CDJ

activity, non-toxic, and economical. In the past decades,
there is a trend to the use of natural products, organic wastes
or herbal plants. This global ‘back-to-nature’ trend is a
good choice because natural products are usually organic,
biodegradable, easy to obtain, and economical, especially in
Indonesia where the availability of such material is abundant
and sustainable.

One of many natural product which has abundant
bioactive substances is pomegranates (Punica granatum).t
Pomegranates from different geographical regions
(including edaphic characteristics, latitude, longitude,
and altitude), cultivar types, cultivation and climates
would affect its bioactive molecules, physiochemical
and antioxidant profiles, especially its polyphenolic,
anthocyanin and flavonoids content.” Pomegranate peel
extracts have the highest antioxidant activity, flavonoid and
phenolic compound compared to the seeds and fruit pulp.'
White pomegranate cultivars contain the highest flavonoid
compared to other cultivars.® Previous researches showed
that pomegranate peel extract has antibacterial potency on
cariogenic bacteria!! and oral candidiasis.'?
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Currently there are limited study on white pomegranate
from Indonesia for endodontic use. Generally, researches
and analysis were done using pomegranate cultivars from
Iran, India, Yemen, China, South Africa, Tunisia, Spain,
Algeria, Oman, Egypt, and Turkey with known polyphenolic
and flavonoid compounds.® Based on this introduction,
the authors would like to compare the antibacterial
concentration of white pomegranate (Punica granatum)
peel extract from Indonesian cultivar on E. faecalis from
recurrent endodontic treatment.

MATERIALS AND METHODS

This is an experimental in vitro study, conducted in
Conservative Dentistry Clinic, Universitas Airlangga Dental
Hospital and Microbiology Laboratory, Research Center,
Faculty of Dental Medicine, Universitas Airlangga. Ethical
clearance was obtained from Universitas Airlangga Faculty
of Dental Medicine Ethic Committee. Materials used in
this research were extracted from fresh white pomegranate
from Indonesian cultivar, grown in Surabaya, East Java.
Enterococcus faecalis bacteria used in this study were
bacteria previously cultured from recurrent endodontic
treatment. E. faecalis from stock was cultured in BHI broth
media and standardized with 0.5 McFarland. The method
used in this study was serial dilusion using Brain Heart
Infusion (BHI) broth.

White pomegranate peels were extracted according to
Balaban et al. (2021)"* and Nozohour et al. (2018)'* with
modifications. First, the peels from white pomegranate were
cleaned and dried, away from direct sunlight, and pulverized
into powder and sieved. The powder was stored in a jar,
mixed with 70% ethanol and stirred. Maceration was done
in 72 hours, and the mixture was strained. Filtrate from
the straining was dehydrated with vacuum evaporator for
3 hours to obtain the pure white pomegranate peel extract,
and sterilization of this extract was done in an autoclave at
121°C for 20 minutes.

Concentrations of white pomegranate peels used in
this study were 100%, 50%, 25%, 12.5%, 6.25%, 3.125%,
1.565%, 0.781%. Serial dilution was done by preparing
10 sterile reaction tubes containing BHI broth of 5 ml
on cach tube. White pomegranate peels extract of 100%
concentration were poured 5 ml into the first tube. In the
second reaction tube 5 ml were taken from the first tube to
get 50% of white pomegranate peels extract. In the third
tube, 5 ml were taken from the second tube to get 25%
of white pomegranate peels extract. In the fourth tube, 5
ml were taken from the third tube to get 12.5% of white
pomegranate peels extract, and these procedures were
continued for the fourth until the eighth tube. In the eighth
tube, 5 ml was discarded. The ninth tube was used as
positive control, containing only BHI broth and E. faecalis.
The tenth tube was used as negative control, containing only
BHI broth media.

E. faecalis bacterial culture was taken 0.1 ml and poured
into the first to the ninth tubes. All of the tubes were
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incubated for 24 hours at 37°C in anaerobic condition. After
incubation period, the tubes were checked visually for any
changes. The positive control was prepared using blood
agar media and 0.1 ml of E. faecalis suspension without
white pomegranate peels extract. The negative control was
prepared using blood agar media and white pomegranate
peels extract without E. faecalis.

The tubes with changes in appearance (tube with 25%,
12.5%, 6.25%, and 3.125% white pomegranate peels
extracts) were taken 0.1 ml and cultured further in blood
agar media for 24 hours at 37°C in anaerobic condition for
confirmation on selected concentrations. Evaluation was
done for colony formation on the blood agar media. The
colonies grown in blood agar media were manually counted
by three independent observers in colony forming units
(CFU) and repeated three times. Bactericidal concentration
was considered if there was 99.9% bacterial inhibition. Data
of colony formation on blood agar media (in CFU) were
gathered for each plate.

Bacterial colony data were analyzed statistically and
significance level was set at 5%. Normality of data was
analyzed using Shapiro Wilk test. Significance was tested
using one-way analysis of variance.

RESULTS

The number of replications (n) for each concentration
group was 6. The result data were normally distributed.
Mean and standard deviation of E. faecalis colony growth
under the influence of white pomegranate peels extract at
different concentrations are shown in Table 1. The mean of
E. faecalis colony growth under the influence of 25% white
pomegranate peels extract was 0.00000 CFU, followed by
white pomegranate peels extract 12.5% (8.2857 CFU),
6.25% (79.4286 CFU), and 3.125% (149.5714 CFU). The
highest mean of £. faecalis colony growth was observed in
the positive control which was 229.5714 CFU.

Analysis of variance was used in this study to check
the significance among different concentrations of white
pomegranate peels extract on E. faecalis. The significance
between E. faecalis colony growth is shown in Table 2.
We found a significant difference among different white

Table 1. Mean and standard deviation of E. faecalis colony
growth under different concentrations of white
pomegranate peels extract (WPPE)

Groups E. faecalis hc/{(;l;)rrll}; gsr]gwth (CFU)
Positive Control 6 230.3333 +7.3394
WPPE 3.125% 6 149.6667 +4.5019
WPPE 6.25% 6 80.1667 + 5.4191

WPPE 12.5% 6 8.3333 +1.0328

WPPE 25% 6 0.0000 + 0.0000

Notes: n = replication; SD = standard deviation
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Table 2. Significance between white pomegranate peels extract (WPPE) with different concentrations on E. faecalis colony growth
Groups Positive Control WPPE 3.125% WPPE 6.25% WPPE 12.5% WPPE 25%
Positive Control - 0.00000* 0.00000* 0.00000* 0.00000*
WPPE 3.125% 0.00000* - 0.00000* 0.00000* 0.00000*
WPPE 6.25% 0.00000* 0.00000* - 0.00000* 0.00000*
WPPE 12.5% 0.00000* 0.00000* 0.00000* - 0.03077*
WPPE 25% 0.00000* 0.00000* 0.00000* 0.03077* -

Note: *Statistically significant (p<0.05)

pomegranate peels extract concentrations groups of 25%,
12.5%, 6.25%, 3.125% and the positive control (p < 0.05).
White pomegranate peels extract group of 25% has the
highest antibacterial efficacy with 0% colony growth.

DISCUSSION

Enterococcus faecalis from failed endodontic treatment
were chosen in this study because this bacterium is often
found in recurrent endodontic treatment. This bacterium
usually found together with other fungi and bacteria in
persistent endodontic lesions.® These bacteria usually
resistant and can survive disinfection procedure.’

Pomegranates consists of parts like leaf, flower,
root, bark, seeds, juice and peels which contain different
therapeutic properties.'> Although both pomegranate
seeds and peels have antibacterial activity, the peels have
more potent effect.' Pomegranate peels comprise about
30-40% of the total fruit weight and contains high level
of ellagic acid, ellagitannins, punicalagins, tannins, and
flavonoids. '

White pomegranate peels extract from Indonesian
cultivar, grown in Surabaya were chosen because they are
economical, easily obtained and does not require lengthy
transportation procedure. Limited study is reported regarding
the antibacterial efficacy of white pomegranate peels extract
on E. faecalis. Other than the cultivar selection of white
pomegranate, which has excellent chemical composition
(antioxidants, phenolic compounds, punicalagins, ellagic
acids), in this study, extraction method with ethanol solvent
was used because the extract would retain the highest
antimicrobial effect.”

Bactericidal potency of white pomegranate peels extract
on E. faecalis colony growth was experimentally observed
with serial dilution method and inoculum of E. faecalis
were mixed in the diluted solution of 100%, 50%, 25%,
12.5%, 6.25%, 3.125% white pomegranate peels extract
concentrations, and these mixtures were grown in blood
agar media. The bacterial colony growth on blood agar
plates were measured in colony forming unit (CFU). Serial
dilution is a laboratory calculation method to check whether
a material have the ability to inhibit bacterial growth.
Colony forming unit (CFU) is the gold standard method of
antibacterial assessment."”

White pomegranate peels extraction method has a
correlation on the extraction of active compounds and
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antibacterial efficacy, where extraction with alcohol
solvent like ethanol is more optimal than water.'"® Some
microorganisms are more sensitive to plant extracts than
disinfection agents, in this study, E. faecalis is sensitive
to white pomegranate peels extract in the concentration
of 100%, 50% and 25%, but the lowest concentration of
white pomegranate peels extract with maximal antibacterial
potency is 25%.

The antibacterial efficacy of white pomegranate, as
in other types of pomegranate, derived from phenolic
compound such as phenolic acid (ellagic acid, chlorogenic
acid, gallic acid, caffeic acid, quercetin, and ferulic acids),
pro-anthocyanidins and flavonoids.® Pomegranate peels
contain high phenolic compounds and ellagitannins.'
Polyphenolic compound responsible for strong antioxidant
potency, while the tannin content in pomegranate peel
extract is responsible for antibacterial and antifungal
efficacy.?

Polyphenols, in particular, tannins are the major
components in the peel extract with a mechanism of protein
precipitation to cause leakage of bacterial cell membrane,
leading to cell lysis and cell death for both Gram-positive
and Gram-negative bacteria.'® Ellagic acid and punicalagin
induce enlargement of bacterial cells and cell membrane
thickness, destruct and change the permeability of cellular
membrane, enzyme inactivation, protein precipitation, as
well as disruption of bacterial communication system of
quorum sensing to destroy bacteria and inhibit biofilm
formation."

E. faecalis can be killed with high pH level. High
pH or an extreme alkaline environment would disturb
the survival of most bacteria.?’ However, there are some
studies stated that pH of higher than 11.5 is required for
potent disinfection.?' To be used as a root canal dressing
material, white pomegranate peels extract must have
positive characteristics similar to calcium hydroxide, as the
gold standard of root canal dressing.”? Calcium hydroxide
has various influence on cells, from anti inflammation
to apoptosis.?*** However previous studies reported E.
faecalis resistance to calcium hydroxide.” A current study
reported that pomegranate gel have similar antibacterial
activity to calcium hydroxide.'” Experiment on the effect
of pomegranate peels extract on Candida albicans indicate
an effective antifungal which approximates clotrimazole
as the standard antifungal agent.”® Current clinical trial
reported the use of Punica granatum peels extract 5% as
a complementary irrigation to non-surgical treatment of
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chronic gingivitis showed improvement and no adverse
effect.”” The development of white pomegranate peels
extract as a natural irrigation or root canal dressing material
is expected to bring a solution to the bacterial resistance.

This study showed the higher the concentration of
white pomegranate peels extract, the lower E. faecalis
bacterial colony growth. This is caused by the high
polyphenolic, flavonoid, and tannins concentration which
has antimicrobial activity to inhibit E. faecalis colony
growth. Even though this extract won’t eliminate E. faecalis
in lower concentrations of below 25%, white pomegranate
peels extract can reduce the bacteria colony formation.
This can be developed as a natural irrigation or root canal
dressing material as an alternative to synthetic disinfectants
or antibiotics to prevent multi drug-resistant bacteria in the
root canal system.

Many other studies have been performed to introduce
natural, biocompatible, antimicrobial and regenerating
root canal irrigation materials or medicaments in order
to support successful endodontic treatment and improve
patient satisfaction. In conclusion, white pomegranate
peels extract 25% has potent antibacterial activity on F.
faecalis. However, further studies about the side effects on
pulpal and peri-radicular cells in-vivo, characteristics and
delivery method of white pomegranate peels extract should
be done to prepare this extract as an alternative natural
irrigation or dressing material prior to application in the
root canal system.
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