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ABSTRACT  
To determine the antibacterial effectiveness of 2.5% sodium hypochlorite (NaOCl) irrigation solution and garlic extract nano-
particles (Allium sativum Linn.) against Enterococcus faecalis. This type of research is an in vitro laboratory experiment with a 
post-test only with control group design using the dilution method. The research sample consisted of garlic nanoparticles, 2.5% 
NaOCl, and distilled water with each repetition carried out 3 times. The antibacterial ability is based on the inhibition zone formed 
around the stainless-steel cylinder on the MHA medium. Data processing and analysis techniques were carried out using the 
Shapiro Wilk test and one-way Anova. The average diameter of each inhibition zone for the antibacterial of garlic extract 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 2.5% 
NaOCl showed an average inhibition zone diameter of 35.49±0.55 mm. It is concluded that garlic extract nanoparticles concen-
centrations of 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 (NaOCl) 2,5% dan nanopartikel ekstrak bawang putih 
(Allium sativum Linn.) terhadap Enterococcus faecalis. Penelitian eksperimen laboratorik in vitro dengan post-test only with con-

trol group design, dengan metode dilusi. Sampel terdiri dari nanopartikel bawang putih, NaOCl 2,5%, dan akuades dengan ma-
sing-masing pengulangan sebanyak 3 kali. Kemampuan antibakteri didasarkan pada zona hambat yang terbentuk di sekitar si-
linder stainless steel pada media MHA. Teknik pengolahan dan analisis data dilakukan dengan menggunakan uji Shapiro Wilk 
dan Anova satu arah. Rerata diameter zona hambat antibakteri nanopartikel ekstrak bawang putih 20%, 30%, dan 40% adalah 
30,69±1,03 mm, 34,73±1,09 mm, dan 39,66±2,14 mm. Sedangkan NaOCl 2,5% menunjukkan rerata diameter zona hambat 
sebesar 35,49±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.  After the 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.1,2

 According to Alghamdi and Shakir,3
 cases 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% 

in all cases. The E.faecalis is a Gram-positive facultative 

anaerobic  bacterium that causes opportunistic infections. 
This bacterium possesses numerous virulence factors 

that enable it to survive in unfavorable conditions, such as 
low oxygen environments, temperatures  between 10-60 
°C, high salinity, high pH, or nutrient-deprived environ-

ments. Based on these virulence factors, E.faecalis can 
contribute to failures in endodontic treatment.4 

Endodontic  treatment aims to 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.5
 So-

dium hypochlorite (NaOCl) is the most widely used irri-
gation solution. This solution produces acid and hypochlo-

rite ions that act as antibacterial agents. Cytotoxicity and 

caustic effects of NaOCl on healthy peri-radicular tissues 
during unintentional extrusion in irrigation procedures are 
reasons for using lower concentrations, typically bet-

ween 0.5-1% or 2.5%. However, at these concentrations, 
NaOCl is not capable of removing the inorganic compo-
nents of the smear layer.6,7 

The limitations of NaOCl irrigation solution and to mi-
tigate its side effects, therefore this research approach fo-
cuses on the use of natural substances. One natural sub-

stance with antibacterial properties is garlic (Allium sati-
vum Linn.) because it contains alliin (S-allyl cysteine sul-
foxide), which is converted into allicin and several orga-

nosulfur components  by the enzyme alliinase when gar-
lic is 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.8,9 

The study by Birring et al,10 on the effectiveness of 

70% concentration garlic extract demonstrated the most 
effective results in preventing biofilm formation by E.fae-
calis. Another study  by Octavia et al11, proved that garlic 

extract concentrations  of 25%, 50% and 100% could re-
duce the viability of E.faecalis. However, the concentra-
tions of garlic extract used in these studies were still very 

high, potentially leaving sediment in the root canal. 
Nanoparticle 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  aims to reduce 
the normal dose of garlic  extract. Additionally, garlic has 

a strong odor, lipophilic properties, high volatility, and low 
physicochemical stability, limiting its extensive use. This 
technology is an alternative expected to enhance func-



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

DOI 10.35856/mdj.v13i2.921  

185 

53

37

10 8

0

10
20
30
40

50

10% 20% 30% 40%

C
o

lo
n

y
 C

o
u

n
t

Concentration of Garlic Extract Nanoparticles

tional properties and be more advantageous.13
 Gabriel et 

al14 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 nanoparticle 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 extract through mechanical method using 
a blender with aquadest as the solvent. The garlic extract 
is reduced to the nanometer scale and precipitated to 

obtain a mass in the form of garlic extract nanoparticles. 
The samples used in this study are E.faecalis bacte-

ria. The determination of the minimum inhibitory concen-

tration (MIC) is conducted by observing the colony count 
on petri dishes.  Subsequently, the treatment groups are 
divided into 5 categories, which are aquadest as the ne-

gative control, 2.5% NaOCl 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% NaOCl, 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 of the dilution method, each gradient 

will contain a sterile stainless-steel cylinder, each pre-
treated with aquadest as the negative control, a 2.5% 
NaOCl 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-
tri dish. 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 observed, and 
their diameters  are measured in millimeters using a digi-

tal caliper. 
 

RESULT 

The MIC test in this study is conducted 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 nanoparticles. 
After obtaining the MIC values, the inhibitory power 

test was continued using the dilution method with stain-

less steel cylinders in five treatment  groups, namely po-
sitive control (2.5% NaOCl), aquadest as the negative 
control, garlic extract nanoparticles  at 20%, 30%, and 

40% concentrations,  with the results as stated clearly in 
Table 1. 

 
 

 

 
 
 

 
 

 
Figure 1 Graph of E.faecalis quantity (x 108 CFU/mL) at MIC 

 

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

  Concentration N 
Inhibition Zone 

Mean ± SD Min Max 

Aquades  3 0,00 0.00 0.00 
Garlic extract 20%  3 30.69±1.03 29.20 32.70 
Garlic extract 30%  3 34.73±1.09 33.10 36.80 
Garlic extract 40%  3 39.66±2.14 36.40 42.00 

NaOCl 2.5%  3 35.49±0.55 34.60 36.40 
N=sample size     Min=smallest diameter of the inhibition zone  

SD=standard deviation  Max=largest diameter of the inhibition zone 
Mean=average diameter of the inhibition zone                                 

Figure 2 Inhibition zones of E.faecalis bacteria 
 

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

Concentration N 
Inhibition Zone 

Normality test* Comparison test** 
Aquades 3 - 

0.344** 

Garlic extract 20% 3 0.107* 

Garlic extract 30% 3 0.698* 
Garlic extract 40% 3 0.286* 

NaOCl 2.5% 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 al23, the anti-
bacterial strength of garlic extract nanoparticles 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 extract nanoparticles at a con-
centration of 40% shows a greater value compared to 

2.5% NaOCl, 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 test was 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,  based on 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.faecalis  is a bacterium commonly found in the 

root canal and can survive in a 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.15,16 

Additionally, this species has the ability to persist in the 
root canal even under extreme conditions.17 

Endodontic  irrigation plays a crucial role in root canal 

debridement and is considered the only way to clean 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, NaOCl is the most popular irrigating soluti-
on used in dentistry.18

 Ideally, an irrigating material should 
be biocompatible with tissues, but NaOCl can alter the 

elastic modulus, tensile and flexural strength, as well as 
the microhardness  of dentin. Additionally, it can be caus-
tic if accidentally extruded apically.19 

In this 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 vitro cells without additional pro-

cessing. Bajac et al,21
 evaluated the bioactive content of 

garlic extract using aquades 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  of aquades 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 is a laboratory  experimental research aimed 

to determine the antibacterial effects of garlic extract na-
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 found to 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 also increases. The bioactive compound (allicin) 

obtained when garlic is crushed inhibits the proliferation 
and induces the death of E.faecalis bacteria.24,25

 Further-
more, the lipophilic nature of allicin affects the structure 

and integrity of the 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 of 5.17%, 4.71% and 4.62%, respectively.11 Another 

study by Soraya et al27
 also showed an increase in the ef-

fectiveness  of garlic extract with increasing concentra-
tion. 

Birring et al10
 investigated garlic extract concentrati-

ons of 10%, 40% and 70% using the diffusion method and 

found that the most effective concentration in inhibiting 

E.faecalis. Soraya et al27 also examined garlic extract 
concentrations of 12.5%, 25%, 50%, 75% and 100%, and 
they found that a concentration 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 extract nanoparticles  was found to be at 

a concentration of 30%. These results indicate that the 
use of garlic extract in nanoparticle form has antibacterial 
effects  at lower concentrations compared to previous stu-

dies. 
The calculation of the average inhibition zones indi-

cates a comparison between treatment groups, showing 
that 2.5% NaOCl is more effective compared to 30% gar-

lic extract nanoparticles. However, at a concentration of 
40%, garlic extract nanoparticles demonstrate better ef-
fectiveness compared to 2.5% NaOCl in inhibiting the 

growth of E.faecalis. In the study by Ghoddusi et al,28 the 
results showed that garlic extract was equally effective as 
2.5% NaOCl against E.faecalis at a concentration of 70%. 

The findings of this study suggest that garlic 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 could be 
attributed to the homogenous  distribution of nanoparticle 
formulations  and their good solubility  and penetration ca-

pabilities, allowing them to penetrate bacterial cells fast-
er and kill more bacteria. This aligns with the characteris-
tics of nanoparticles, which exhibit high efficiency even 

at low concentrations.29 

Based on the results of this study, it can be seen that 
the utilization of nanoparticle technology can be a solu-

tion to enhance the antibacterial effects of natural subs-
tances. However, it's important to note that higher nano-
particle sizes and concentrations can lead to increased 

precipitation and agglomeration of the material.30 

It is concluded that garlic extract nanoparticles  at con-

centrations  of 20%,  30% and 40% exhibit antibacterial ef-

fects against E.faecalis. The effectiveness of garlic ex-
tract nanoparticles  at concentrations  of 40% only is high-
er than NaOCl 2.5%. However, there is no significant dif-

ference in inhibiting the growth of E.faecalis. 
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