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ABSTRACT

To determine the antibacterial effectiveness of 2.5% sodium hypochlorite (NaOCI) irrigation solution and garlic extract nano-
particles (Allium sativum Linn.) against Enterococcus faecalis. This type of research is anin vitro laboratory experiment with a
post-testonlywith control group design usingthe dilution method. Theresearch sample consisted of garlic nanoparticles, 25%
NaOCl,and distilled water with each repetition carried out 3 times. Theantibacterial ability is basedon the inhibition zone formed
around the stainless-steel cylinderon the MHAmedium. Data processing and analysis techniques were carried out using the
Shapiro Wilk testand one-way Anova. The average diameter of each inhibition zone for the antibacterial of garlicextract nano-
particles with concentrations of 20%, 30%and 40% was 30.69+1.03 mm, 34.73+1.09 mm and 39.66+2.14 mm, meanwhile 25%
NaOCI showed anaverageinhibitionzone diameterof 35.49+0.55 mm. Itis concluded that garic extract nanoparticles concen-
centrations 0of 20%, 30% and 40% have a very strong antibacterial effect against E.faecalis.
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ABSTRAK

Untuk mengetahui efektivitas antibakteri larutan irigasi natrium hipoklorit (NaOCI) 2,5% dan nanopartikel ekstrak bawang puth
(Allium sativum Linn.)terhadap Enterococcus faecalis. Penelitian eksperimen laboratorikin vitro dengan post-test only with con-
trol group design,dengan metode dilusi. Sampelterdiridar nanopartikel bawang putih, NaOCI 2,5%, dan akuades dengan ma-
sing-masing pengulangan sebanyak 3 kali. Kemampuan antibakteri didasarkan pada zona hambatyang terbentuk di s ekitar si-
linder stainless steel padamedia MHA. Teknik pengolahan dan analisis data dilakukan dengan menggunakan uji Shapiro Wilk
dan Anova satuarah. Rerata diameter zonahambat antibakteri nanopartikel ekstrak bawang putih 20%, 30%, dan 40% adalah
30,69+1,03mm, 34,73+1,09 mm, dan 39,661+2,14 mm. Sedangkan NaOCl 2,5% menunjukkanrerata diameter zona hambat
sebesar35,49+0,55 mm. Disimpulkan bahwa nanopartikel ekstrak bawang putih konsentrasi 20%, 30% dan 40% memiliki efek

antibakteri yang sangat kuat terhadap E.faecalis.

Kata kunci: nanopartikel, bawang putih, antibakteri, Enterococcus faecalis
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INTRODUCTION

Bacteria are the main etiology of endodontic infecti-
ons. Afterthe pulp is exposed due to caries, bacteria oc-
cupying the pulp space and root canal lumen will invade
the entire root canal system, causing intra-radicular in-
fection.1:2According to Alghamdi and Shakir,3cases with
pain and infection following endodontic treatment are pre-
dominantly associated with the presence of Enterococ-
cus faecalis, with a high prevalence rate reaching 90%
inall cases. The E.faecalis is a Gram-positive facultative
anaerobic bacteriumthat causes opportunistic infections.
This bacterium possesses numerous \irulence factors
that enable it tosunvive in unfavorable conditions, such as
low oxygen environments, temperatures between 10-60
°C, high salinity, high pH, or nutrient-deprived environ-
ments. Based ontheseirulence factors, E.faecalis can
contribute to failures in endodontic treatment. 4

Endodontic treatmentaimsto eliminate bacteria from
the root canal system and prevent secondary infections.
The debridement phase becomes challenging due to the
complexity of root canal anatomy and the presence of
persistent bacteria. Therefore, irrigation solutions are
needed to complement the mechanical action of debride-
ment, ensuring the maximal elimination of bacteria.®So-
dium hypochlorite (NaOCl) is the most widely used irfi-
gation solution. This solution produces acid and hypochlo-
rite ions thatactas antibacterial agents. Cytotoxicity and
caustic effects of NaOCI on healthyperi-radicular tissues
during unintentional extrusion in irrigation procedures are
reasons for using lower concentrations, typically bet-
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ween 0.5-1% or 2.5%. However, at these concentrations,
NaOClis not capable ofremoving theinorganic compo-
nents of the smear layer.57

The limitations of NaOCl irrigation solution and to mi-
tigate its side effects, therefore this research approach fo-
cuses onthe useof natural substances. Onenatural sub-
stance with antibacterial properties is garlic (Allium sati-
vum Linn.) because it contains alliin (S-allyl cysteine sul-
foxide), whichis conwerted into allicin and several orga-
nosulfur components by the enzyme alliinase when gar-
licis crushed. Dried garlic powder contains approximate-
ly 1% alliin. The extract content demonstrates a broad-
spectrum inhibitory effect on the growth of various Gram-
positive and Gram-negative bacteria.8?

The study by Birring et al, 1 on the effectiveness of
70% concentration garlic extractdemonstrated the most
effective results in preventing biofilm formation by E.fae-
calis. Another study by Octavia et al'1, proved that garlic
extract concentrations of 25%), 50% and 100% could re-
duce the viability of E.faecalis. However, the concentra-
tions of garlic extractused inthese studies were still very
high, potentially leaving sediment in the root canal.

Nanopatrticle technology is widely used in biomedi-
cine, particularly in addressing the challenges of poorly
soluble active substances and low bioavailability.12 The
formulation of garlic extract nanoparticles aimsto reduce
the normal dose of garlic extract. Additionally, garlic has
astrong odor, lipophilic properties, high volatility,and low
physicochemical stability, limiting its extensive use. This
technology is an alternative expectedto enhance func-



Makassar Dental Journal August 2024; 13(2): 184-187, p-ISSN:2089-8134, e-ISSN:2548-5830

185

Research

tional properties and be more advantageous.*®* Gabriel et
al* demonstrated formation of inhibition zones against
the growth of S.aureus, E..coli, S.mutans, and P.gingivalis
by 40% and 60% garlic extract nanoparticles, indicating
a strong bacterial growth inhibitory effect. Based on the
background, the author aims to evaluate the antibacte-
rial effectiveness of garlic nanopatrticle extract formula-
tion against E.faecalis.

METHOD

The research was validated by Ethics and Advocacy
Unit of Hasanuddin University (No.0142/PL.09/KEPK
FKG-RSGM UNHAS/2023). This study utilizes garlic pro-
cessed into an extractthrough mechanical method using
ablenderwith aquadest as the solent. The garlic extract
is reduced to the nanometer scale and precipitated to
obtain amass inthe form of garlic extract nanoparticles.

The samples usedinthis study are E.faecalis bacte-
ria. The determination ofthe minimuminhibitory concen-
tration (MIC) is conducted by observing the colony count
on petridishes. Subsequently,thetreatmentgroups are
divided into 5 categories, which are aquadest as the ne-
gative control, 2.5% NaOCI solution as the positive con-
trol, and test groups using garlic extract nanoparticles
at concentrations of 20%, 30% and 40%. The materials
used in this study include garlic, 2.5% NaOCI, E.faeca-
lis ATCC 29212, Mueller Hinton Agar (MHA), blood agar
(BA), brain heart infusion broth (BHIB), and aquadest so-
lution.

The petri dishes are divided into 5 gradients. Follo-
wing the principles ofthe dilution method, each gradient
will contain a sterile stainless-steel cylinder, each pre-
treated with aquadest as the negative control, a 2.5%
NaOCI solution as the positive control, and test groups
using garlic extract nanoparticles at concentrations of
20%, 30% and 40%. Subsequently, E.faecalis bacteria
are added to each petri dish, poured along with MHA
media between the stainless-steel cylinders in each pe-
tridish. Three petri dishes containing samples are then
incubated for 24 hours at a temperature of 37°C. After
the incubation is complete, the inhibition zones formed
around the stainless-steel cylinders are obserned, and
their diameters are measured in millimeters using a digi-
tal caliper.

RESULT

The MICtestinthis study isconducted by observing
the colony count on petri dishes. The concentrations of
garlic extract nanoparticles used are 10%, 20% 30%
and 40%, as indicated in Fig.1. After incubating for 24
hours, the obtained results indicate that the MIC capa-
ble of inhibiting the growth of E.faecalis is 30% concen-
tration of garlic extract nanopatrticles.

After obtaining the MIC values, the inhibitory power
test was continued using the dilution method with stain-
less steel cylinders infive treatment groups, namely po-
sitive control (2.5% NaOClI), aquadest as the negative
control, garlic extract nanoparticles at 20%, 30%, and
40% concentrations, with the results as stated cleary in
Table 1.
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Figure 1 Graph of E.faecalis quantity (x 108 CFU/mL) atMIC

Table 1 Mean values and standard deviations of the diame-
ter of inhibition zones for E.faecalis bacteria after 24 hours.
Inhibition Zone

Concentration N Mean SD Min Max
Aquades 3 0,00 0.00 0.00
Garlicextract20% 3 30.69+1.03 29.20 32.70
Garlicextract30% 3 34.73+1.09 33.10 36.80
Garlicextract40% 3 39.66+2.14 36.40 42.00
NaOCl2.5% 3 35.49+055 34.60 36.40

N=sample size Min=smallest diameter of the inhibitionzone
SD=standard deviation Max=largest diameter of theinhibition zone
Mean=average diameter of the inhibitionzone

Figure 2 Inhibition zones of E.faecalis bacteria

Table 2 Results of the Shapiro-Wilk and one-way Anova sta-
tisticaltests for the inhibition zones of E.faecalis bacteria.

Inhibition Zone

Concentration N - -
Normality test* Comparison test™

Aquades 3 -
Garlicextract20% 3 0.107*
Garlicextract30% 3 0.698* 0.344**
Garlicextract40% 3 0.286*

NaOCl25% 3 0.956*

Based on Table 1, it is observed that all test groups
have values for the inhibition zone, except for the aqua-
dest test group. According to Buldani et al?3, the anti-
bacterial strength of garlic extract nanopatrticles at con-
centrations of 20%, 30% and 40% is considered very
strong (>20 mm) with average diameter values of the
inhibition zone being 30.69+1.03 mm, 34.73+1.09 mm,
and 39.66+2.14 mm, respectively. Additionally, the anti-
bacterial strength of garlic extractnanoparticles ata con-
centration of 40% shows a greater value compared to
2.5% NaOCI, with an average diameter of the inhibition
zone being 35.49+0.55 mm. The inhibition zone calcu-
lations were conducted on petri dishes as indicated in
Fig.2.

Next, the Shapiro-Wilk testwas conducted to assess
the normality of the data, followed by the one-way Ano-
va statistical test to compare the data sets (Table 2).
Based on the Shapiro-Wilk statistical test, a p-value of
(p>0.05) was obtained, indicating that the data is normal-
ly distributed. Additionally, basedon the one-way Anova
statistical test, a value of 0.344 (p>0.05) was obtained,
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indicating no significant difference between the data
sets of the treatment groups. The test results suggest
that there is no need to conduct the LSD statistical test
because the Anova results indicate nonsignificant find-
ings.

DISCUSSION

The E.faecalisis abacterium commonlyfoundin the
root canal and can sunvve ina pH range of 4-11, as well
as temperatures between 10-45°C. Prolonged root ca-
nal infections allow E .faecalis to invade the entire root ca-
nal system, including branches and dentin tubules.1516
Additionally, this species has the ability to persist in the
root canal even under extreme conditions. 1’

Endodontic irrigation plays a crucialrole in root canal
debridement and s consideredthe onlyway toclean limit-
ed areas that cannot be reached by mechanical means.
The extensive wall area and anatomical complexity of the
root canal result in the walls remaining untouched, reg-
gardless of the instrumentation technique used. Due to
its antibacterial properties and its ability to dissolve organ-
ic materials, NaOClis the most popular irrigating soluti-
onused in dentistry.®ldeally,an irrigating material should
be biocompatible with tissues, but NaOCI can alter the
elastic modulus, tensile and flexural strength, as well as
the microhardness of dentin. Additionally, itcan be caus-
tic if accidentally extruded apically.®

Inthis study, the garlic extract nanoparticles were ob-
tained through an extraction process using aquades as
the solvent.20 The primary advantage of extraction with
aquades is the potential for consumption or direct admi-
nistration to animals or in \itro cells without additional pro-
cessing. Bajac etal, 2L evaluated the bioactive content of
garlic extract using aguades and ethanol extraction me-
thods, and it was found that aquades extraction resulted
in the highest content of allicin, allyl sulfide, and metha-
nethiosulfonic acid S-methyl ester. Phytochemical ana-
lysis ofaquades extraction revealed the presence of bio-
active substances such as tannins, terpenoids, and sa-
ponins in moderate quantities, as well as low quantities
of flavonoids and alkaloids. These components are res-
ponsible for the antibacterial properties of garlic.22

This study isalaboratory experimental researchaimed

to determine the antibacterial effects of garlic extractna-
noparticles at concentrations of 20%, 30%, and 40%
against E.faecalis.The three concentrations were chosen
based on the results of the MIC test and the effective
concentration was foundto be 30%. In the inhibitory po-
wer test conducted at concentrations of 30% and 40%,
the inhibition zones formed were 34.73 + 1.09 mm and
39.66 + 2.14 mm, respectively. According to Buldani et
al, 23 inhibition zones exceeding 20 mm are considered
very strong. This indicates that the used concentrations
are capable of inhibiting E.faecalis, and as the concen-
tration of garlic. increases, the inhibition zone for E.fae-
calis alsoincreases. The bioactive compound (allicin)
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andinduces the death of E .faecalis bacteria.*25Further-
more, the lipophilic nature of allicin affects the structure
and integrity ofthe phospholipid membrane of E.faeca-
calis bacteria, causing cellular content leakage.26 These
results align with the study by Octavia et al, which exa-
mined the viability of E.faecalis against garlic extract at
concentrations of 25%, 50% and 100%, finding viabili-
ties 0f5.17%, 4.71% and 4.62%, respectively. 1t Another
study by Soraya et al?” also showed anincreaseinthe e
fectiveness of garlic extract withiincreasing concentra-
tion.

Birring et all% investigated garlic extract concentrati-
ons of 10%, 40% and 70% using the diffusion methodand
found that the most effective concentration in inhibiting
E.faecalis. Soraya et al?” also examined garlic extract
concentrations of 12.5%,25%,50%, 75% and 100%, and
they found thataconcentration of 75% inhibited E.faecalis
more effectively compared to concentrations of 12.5%,
25% and 50%. In contrast, in the MIC test of this study,
the MIC of garlic extractnanoparticles was found to be at
a concentration of 30%. These results indicate that the
use of garlic extractin nanoparticle form has antibacterial
effects at lower concentrationscompared to previous stu-
dies.

The calculation of the average inhibition zones indi-
cates acomparison between treatment groups, showing
that 2.5% NaOCl is more effective compared to30% gar-
lic extractnanoparticles. However, at a concentration of
40%, garlic extract nanoparticles demonstrate better ef-
fectiveness compared to 2.5% NaOCI in inhibiting the
growth of E.faecalis. Inthe study by Ghoddusi et al, 2 the
results showed that garlic extractwas equallyeffective as
2.5% NaOCl against E .faecalisata concentration of 70%.
The findings ofthis studysuggestthatgarlic extract nano-
particles are statistically more effective than 2.5% NaOCl
in inhibiting the growth of E.faecalis at much lower con-
centrations compared to previous research. This couldbe
attributed to the homogenous distribution of nanoparticle
formulations and their good solubility and penetration ca-
pabilities, allowing them to penetrate bacterial cells fast-
erandkill more bacteria. Thisaligns withthe characteris-
tics of nanoparticles, which exhibit high efficiency even
at low concentrations.??

Based onthe results ofthis study, it can be seenthat
the utilization of nanoparticle technology canbe a solu-
tionto enhance the antibacterial effects of natural subs-
tances. However, it's important to note that higher nano-
particle sizes and concentrations can lead toincreased
precipitation and agglomeration of the material.30

Itis concluded that garlic extract nanoparticles at con-
centrations of 20%, 30% and 40% exhibit antibacterial e
fects against E.faecalis. The effectiveness of garlic ex-
tract nanoparticles atconcentrations of 40% onlyis high-
erthan NaOCI 2.5%. However, there is no significant dif
ference in inhibiting the growth of E.faecalis.

1.Mintrakul K, Vongsawan K, Watcharakirin W, Khererat P. Quantitative analysis of Lactobacillusand Enterococcusfaecalis
between irreversible pulpitis and pulp necrosis in primaryteeth. DentRes OralHealth. 2019;2(2):17.

DOI10.35856/mdj.v13i2.921



Makassar Dental Journal August 2024; 13(2): 184-187, p-ISSN:2089-8134, e-ISSN:2548-5830 187
Research

2.Zargar N, Marashi MA, AshrafH, Hakopian R, Beigi P. Identification of microorganisms in persistent/secondary endodontic
infections with respectto clinicaland radiographic findings: Bacterial culture and molecular detection. IranianJ Microbiolo-
gy. 2019;11(2): 121.
3.AlghamdiF, Shakir M. The influence of Enterococcusfaecalis as a dentalroot canal pathogen onendodontictreatment A
systematic review. Cureus. 2020;12(3): €7257. doi:10.7759/cureus.7257.
4.Bajoria AA, Alfawzan AA, Ramaiah W, Habibullah MA, Tareen SU, BabajiP. Evaluation of pathological microbes in root
canals with pulp necrosis. WorldJ Dent2020;11(3): 211.
5.Siddigue R, Anjaneyulu K, Muralidharan NP. Antimicrobial efficacy of garlicdlemon in comparison with sodium hypochlorite
against E.faecalis. J Clin Diagn Res. 2020;13:57.
6.GopikrishnaV. Grossman’s endodontic practice. 14" ed. New Delhi: Wolters Kluwer Health; 2021. p.298-301.
7.HajihassaniN, Alavi O, Karamshahi M, Marashi SM, Khademi A, MohammadiN. Antibacterial effect of nano-chlorhexdine
on Enterococcusfaecalis biofilm in root canal system: An in vitro study. J DentRes. 2022;19: 80.
8.Shooriabi M. Effects of Allium sativum (garic) and its derivatives on oraldiseases: Anarrative review. J Res Dent Maxillo-
fac Sci2021;6(1): 37.
9.Prabhakaran P, Mariswamy AB. A scanning electron microscope evaluation of efficacy of sodium hypochlorite and Allium
sativum insmearlayerremovalinroot canals with the use of modified evacuation system: An exvivo study. J Conserv Dent
2018;21:401-7.
10.Birring OJ, ViloriaIL, Nunez P. Anti-microbial efficacy of Allium sativum extract against Enterococcus faecalis biofilm and its
penetrationinto the rootdentin: An in vitro study. Indian J Dent Res. 2015;26: 477.
11.Octavia A, Budiardjo SB, Indiarti IS, FauziahE, SuharsiniM, Sutadi H, etal. Garic extract efficacy against the viability of En-
terococcusfaecalis (In vitro). IntJ Appl Pharmaceut 2019;11:194.
12.Kumar M, Curtis A, Hoskins C. Application ofnanoparticle technologies inthe combat against anti-microbial resistance. Phar-
maceut2018;10(1):11.
13.Khrisna SBN. Emergentroles of garlic-based nanoparticles for bio-medical applications - Areview. Current Trends in Bio-
technol Pharm 2021;15(3): 350.
14.Gabriel T, Vestine A, Kim KD, Kwon SJ, Sivanesan|, Chun SC. Antibacterial activityof nanoparticles of garlic (Allium sat-
vum) extractagainst differentbacteria suchas Streptococcusmutansand Phorpyromonas gingivalis. ApplSci2022;12: 3491.
d0i:10.3390/app12073491.
15.Mahendra |, Wardanil, Rochyani L. Daya antibakter ikanterijengki (Stolephorus insularis) terhadap Enterococcusfaecalis.
Jurnal Kedokteran Gigi2018;12(2): 106-16.
16.Asmah N.Pathogenicity biofilm formation of Enterococcus faecalis. Joumal of Syiah Kuala Dentistry Society 2020;5(1): 478.
17.Anisa PDN, Prisinda D. Perawatan saluran akar ulang non-bedah gigiinsisivus lateral kanan rahang atas pada pasien ge-
riatri. Jurnal Kedokteran Gigi2020; 32(3): 232-43.
18.Cimpean S, Pop-CiutrilalS,Matei SR, ColosilA, Costache C, Nicula GZ, et al. Effectivenessof different finalirrigation pro-
cedures on Enterococcus faecalis infected root canals: An in vitro evaluation. Materials 2022; 15: 6688. doi: 10.3390/ma
15196688.
19.Boutsioukis C, Arias-Moliz MT. Pres ent status and future directions-irrigants andirrigation methods. Int Endod J. 2022;55:
588-612.doi: 10.1111/i€j.13739.
20.Bar M, Binduga UE, Szychowski KA. Methods of isolation of active substances from garlic (Allium sativum L.) and itsimpact
on the composition and biological properties of garlic extracts. Antioxidants 2022;11:1345. doi: https://doi.org/10.3390/
antiox11071345.
21.Bajac J, NikolovskiB, Kocic-Tanackov S, Tomsik A, Mandic A, Gvozdanovic-VargaJ, etal. Extraction of different garlic va-
rieties (A. sativum L.) determination of organosulfur compounds and microbiological activity. In Proceedings of the IV
International Congress Food Technology, Qualityand Safety, Novi Sad, Serbia, 23-25 October 2018; p.82.
22.Johnson M, Olaleye O, Kolawole O. Antimicrobial and antioxidant properties of aqueous garlic (Allium sativum) extract
against Staphylococcusaureus and Pseudomonas aeruginosa. Br Microbiol Res J2016; 14:1-11.
23.BuldaniA, Yulianti R, Soedomo P. Uji efektivitas ekstrak rimpang bangle (Zingiber cassumnar Roxb.) sebagai antibakter
terhadap Vibriocholerae dan Staphylococcus aureussecara in vitrodengan metode difusi cakram. Senit2017;2: 230-1
24 .SarfrazM, Nasim MJ, Jacob C, Gruhlke MCH. Efficacy of allicin against plant pathogenic fungiand unveiling the underlying
mode ofactionemploying yeastbased chemogenetic profiling approach. Appl Sci2020;10:2563. doi:10.3390/app10072563.
25 Kristiananda D, Allo JL, Widyarahma VA, Lusiana, Noverita JM, Riswanto FDO, etal. Aktivitas bawang putih (Allium sa-
tivum L.) sebagai agen antibakteri. Jurnal lmu Farmasi dan Farmasi Klinik. 2022;19(1): 46-9.
26.Magrys A, Olender A, Tchorzewska D. Antibacterial properties of Allium sativum L. againstthe most emerging multidrug-
resistantbacteriaand its synergywith antibiotics. Arch Microbiol2021; 203: 2257-68. doi: https://doi.org/10.1007/500203-
021-02248-z.
27.Soraya C, Chismirina S, Novita R. Influence of garlic juice (Allium sativum L.) as root canal irrigation material to inhibit the
growth of Enterococcus faecalis in vitro. Cakradonya DentJ. 2018;10(1): 1-9.
28.GhoddusiJ, Forghani M, BagheriH, Aryan E, KoohiNoghondarM, Hajizadeh S. Antibacterial efficacy of Allium satvum L.
extractas arootcanalirrigantin pulpless teeth with infected root canal systems. IntJ Res Report Dent 2021; 4(4):147-55.
29.Syahrial S, Rimbawan R,Damayanti E, Astuti DP, Suptijah P. Pengaruh pemberian nanodaun kelor (Moringaoleifera) ter-
hadap kadarmineral serum dantulang pada tikus sprague dawley jantantumbuh. Indonesian J Nutrition 2019;7(2):114-20.
doi: 10.14710/jgi.7.2.114-120.
30.Algharib SA,Dawood A, Zhou K, Chen D, Li C, Meng K, etal. Preparation of chitosan nanoparticles byionotropic gelation
technique: Effects of formulation parameters andin vitro characterization. J Molec Struct 2022; 1252:132129. doi: https#/
doi.org/10.1016/j.molstruc.2021.132129.

DOI10.35856/mdj.v13i2.921


https://pubmed.ncbi.nlm.nih.gov/32292671/
https://koreauniv.pure.elsevier.com/en/publications/antibacterial-activity-of-nanoparticles-of-garlic-allium-sativum-
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9571448/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9571448/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9321999/
https://doi.org/10.3390/%20antiox11071345
https://doi.org/10.3390/%20antiox11071345
https://www.mdpi.com/2076-3417/10/7/2563
https://doi.org/10.1007/s00203-%20021-02248-z
https://doi.org/10.1007/s00203-%20021-02248-z
https://ejournal.undip.ac.id/index.php/jgi/article/view/20087/0

