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ABSTRACT 
 

Introduction: Oral health is increasingly recognized as criti-
cal, as the oral cavity serves as a primary entry point for path-
ogens, potentially leading to oral diseases and systemic health 
complications. 
Materials and Methods: This experimental study employed 
a post-test only control group design to evaluate the antibac-
terial efficacy of Piper betle L. (betel leaf) extract compared 
to Aloe vera extract against Enterococcus faecalis, a key con-
tributor to root canal treatment failure due to its high re-
sistance and persistence in harsh environments. The study 
aimed to confirm the potential of these extracts as alternatives 
for managing E. faecalis infections in root canal therapy. Ex-
tracts were prepared via maceration using 96% ethanol as sol-
vent, and inhibition zones were measured at 100% 
concentration against E. faecalis cultured on Mueller-Hinton 
agar. 
Results and Discussion: E. faecalis cultures were grown on 
Mueller-Hinton agar. Both extracts demonstrated inhibitory 
effects on bacterial growth, with betel leaf extract exhibiting 
greater efficacy than Aloe vera extract. 
Conclusion: Betel leaf extract showed superior antibacterial 
activity against E. faecalis compared to Aloe vera extract, sup-
porting its potential as an adjunct in root canal disinfection. 
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INTRODUCTION 

Oral health is essential for maintaining overall 

well-being, as the oral cavity serves as the primary 

entry point for nutrients from food and drink, 

providing the body with vital energy. A healthy oral 

environment supports optimal physiological func-

tion. Furthermore, the oral cavity acts as a gateway 

for pathogens, where microbial entry can compro-

mise oral health and influence systemic health in 

other organs.1 

Indonesian Basic Health Data in 2018 shows 

that most dental and oral problems are caries or 

toothache, which is around 45.3%, and most oral 

problems are gingival inflammation or abscess, 

around 14%. This data shows that oral diseases 

that occur must be resolved in a pandemic situa-

tion to prevent an Increase in the prevalence of 

dental and oral problems. According to the WHO 

(2012), maintaining dental and oral hygiene is one 

of the efforts to improve health because it can pre-

vent various oral cavity diseases.1 The main prob-

lem in the oral cavity is dental caries.2 Various 

factors cause caries, one of the main factors is fre-

quent consumption of cariogenic foods and drinks 

with very high sucrose content. Treatment actions 

that can be carried out on patients with cavities or 

caries, the aim for the first visit is to relieve pain, 

which can be done with a temporary medication 

which given on the cavity. Administration of medi-

cation can be done in a local way, or it can be done 

directly with zinc oxide eugenol. This drug is given 

especially for pain relief, and the benefit is to pre-

vent caries. If the pain has gone, then treatment can 

be continued. 3 If the level of caries becomes wider 

and reaches the pulp tissue, it can potentially cause 

problems with the pulp. Teeth with pulp disease 

are one of the indications for endodontic treat-

ment/root canal treatment (RCT). 

 RCT is a treatment for pulp disease by remov-

ing the vital pulp or necrotic pulp. The most com-

mon dental and oral problems are caries or 

toothache, which is around 45.3%, and most oral 

problems are gingival inflammation or abscess, 

which is around 14%.1 Enterococcus faecalis is bac-

teria which can cause root canal treatment failure 

and can lead to persistent root canal infections. En-

terococcus faecalis is a gram-positive bacterium 

with a coccus shape and is a facultative anaerobic 

bacterium.4 Enterococcus faecalis is a bacterium 

known as the most resistant species found in root 

canals. This occurs due to the virulence factor of 

Enterococcus faecalis.5 Enterococcus faecalis can 

adapt to the conditions of the root canal that has 

been treated. maintenance, as well as its own de-

fense, which is strong against infection of root ca-

nals, when nutrients are very limited. Enterococcus 

faecalis can survive in environments with a pH of 

11.5 and 6.7. It can be killed using sodium hypo-

chlorite with high concentration, that is, 5.25 % 

until with 6 %. If sodium hypochlorite i s  used with 

very high concentrations, such as 5.25% to 6 % can 

increase the risk of toxic effects.5 

Root canal treatment is performed to preserve 

the tooth so it can survive in the oral cavity, using 

the principle called the triad endodontic. There are 

three stages called triad endodontic. Stage one is 

with access opening, which is directly to the root ca-

nal. The second stage is root canal preparation, 

which aims to remove all irritant which include 

sterilization process. The next stage is obturating 

to prevent infection by microorganisms and treat 

inflammation on the periapex. Preparation that 

does not extend beyond the root canal provides a 

good prognosis. Generally, RCT is performed in 

several visits to ensure sterility of the root canal, 

but with advances in technology, RCT can be per-

formed in a single visit.7. Root canal preparation is 
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one of the stages that must be carried out, where 

each needle change and irrigation are performed. 

Root canal irrigation is an important stage in sup-

porting the success of root canal treatment because 

it facilitates the removal of necrotic tissue, microor-

ganisms, and dentin fragments from the infected 

root canal. The action of rinsing this irrigation so-

lution is one of the principles of triad endodontics. 

In addition, the irrigation solution removes and 

dissolves infected hard/soft tissue deposits in the 

periapical and periapical tissues. In addition to 

having an antibacterial effect, irrigation materials 

are toxic in nature and can cause pain if they enter 

the periapical tissue.⁸ The ideal irrigation solution 

should have a broad antibacterial spectrum, be 

non-toxic, be able to dissolve necrotic pulp tissue 

residues, prevent the formation of a smear layer 

during root canal preparation, or be able to dis-

solve it immediately after cleaning. However, ac-

cording to various studies conducted, no irrigation 

solution compound has ideal criteria. 

On the other hand, research shows that using a 

combination solution rinse can increase the effec-

tiveness of the rinse and support the success of the 

treatment. The popular irrigation solution for root 

canal is a sodium hypochlorite, a chelator/ethylene 

diamine tetra-acetic acid (EDTA) solution, a mix-

ture of tetracycline, an acid, and a detergent 

(MTAD), chlorhexidine, and iodine potassium io-

dide (IPI). The advantages of sodium hypochlorite 

are the ability to dissolve vital and necrotic pulp 

tissue, flush debris out of the root canal, its broad-

spectrum antimicrobial, sporicidal, virucidal, lubri-

cating, economical, and readily available proper-

ties. However, sodium hypochlorite solution can 

irritate if pushed into the periapical tissue, it is un-

able to dissolve inorganic components, it causes 

white spots if it gets on the patient's clothing, and 

it has an unpleasant odor.⁸ 

In Indonesia, many plants are very well-known 

and frequently used by the majority of people as 

herbal medicines. Herbal medicines are plant-de-

rived preparations processed or extracted into 

powders, pills, or liquids without the use of chemi-

cals. As is known, herbal medicines can cure dis-

eases with minimal side effects because they are 

made from natural ingredients. Unlike synthetic 

drugs, which can cause side effects either directly 

or after long-term use, herbal medicines are gener-

ally considered safer.¹⁰ One plant that has potential 

as an alternative herbal medicine for root canal 

treatment is from the Piperaceae family, namely 

betel leaf (Piper betle L.). Betel leaf is a natural an-

tiseptic, used as a gargle, a feminine cleanser, and a 

drug for eye inflammation. The benefits of betel 

that originate from a number of the active com-

pounds it contains include alkaloids, flavonoids, 

polyphenols, tannins, and essential oils. Alkaloids 

are detoxifying and can neutralize toxins. Flavo-

noids and polyphenols are antioxidants, antidia-

betics, anticancer, antiseptics, and anti-

inflammatories. Tannins could bind and precipi-

tate proteins and are antibacterial. The part of the 

betel leaf that contains antibacterial properties is 

phenol, and its derivative compounds can denature 

bacterial cell proteins. In addition to betel leaves, 

plants that have potential as alternative herbal in-

gredients for root canal medication include Aloe 

vera (Aloe barbadensis Miller), which belongs to the 

Liliaceae family. Aloe vera contains beneficial com-

pounds, including tannins, amino acids, anthraqui-

nones, enzymes, hormones, minerals, salicylic acid, 

sterols, sugars, and vitamins. The active substance 

contained in Aloe vera is the polysaccharide ace-

mannan. Acemannan can be used as a therapy for 

tumors, diabetes, leukemia, metastases, sarcomas, 

melanomas, and other malignancies. Aloe vera also 

contains antibacterial substances, namely 
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anthraquinones, saponins, and tannins.¹³ Based on 

the explanation above, researchers are interested 

in examining whether there is a difference in the 

effectiveness of betel leaf extract (Piper betle L.) 

compared to aloe vera extract (Aloe vera) against 

bacterial growth of Enterococcus faecalis. 

 

MATERIALS AND METHODS  

This study was a true experimental laboratory 

study using a post-test only control group design. 

The bacterial sample used was Enterococcus fae-

calis ATCC 29212 obtained from the stock culture of 

the Microbiology Laboratory, Faculty of Medicine, 

Airlangga University. 

The study population consisted of Enterococcus 

faecalis bacteria, which were randomly allocated 

into four groups. Group P1 received 100% betel leaf 

extract, Group P2 received 100% aloe vera extract, 

Group K1 served as the positive control and was 

treated with chlorhexidine, and Group K2 served as 

negative control and was treated with distilled wa-

ter. Observations were conducted to determine the 

antibacterial inhibitory effect in each group.  

The aloe vera used in this study was obtained 

from Bali, and the extraction process was carried 

out in Karangasem Regency, Bali. Five kilograms of 

aloe vera were washed thoroughly and air-dried for 

seven days. The dried material was ground using a 

food processor until smooth and then macerated 

with 96% ethanol for 72 hours. The macerated solu-

tion was filtered three times using a Buchner funnel 

lined with filter paper and collected in an Erlen-

meyer flask. The filtrate was evaporated using a vac-

uum rotary evaporator and further heated in a 

water bath at 40°C to obtain a thick extract. To pre-

pare a 100% extract, 25 grams of the extract were 

dissolved in 25 mL of distilled water. 

The betel leaves used in this study were also ob-

tained from Bali. Two kilograms of betel leaves were 

washed thoroughly, dried at room temperature, and 

ground into simplicial. The powdered material was 

macerated with 96% ethanol for 72 hours. The fil-

trate was obtained through triple filtration using a 

Buchner funnel and evaporated using a vacuum ro-

tary evaporator at 40°C to obtain a thick extract. A 

100% extract was prepared by dissolving 25 grams 

of extract in 25 mL of distilled water. 

The Enterococcus faecalis suspension was pre-

pared by culturing bacteria obtained from the Mi-

crobiology Laboratory, Faculty of Medicine, 

Airlangga University. The antibacterial activity test 

was conducted using Mueller-Hinton Blood Agar 

media. The prepared media were sterilized in an au-

toclave at 121°C for 15 minutes. A loopful of pure 

bacterial culture was inoculated and incubated at 

37°C for 24 hours. The bacterial suspension turbid-

ity was adjusted to the McFarland 0.5 standard (1 × 

10⁸ CFU/mL). 

The antibacterial inhibitory activity of aloe vera 

and betel leaf extracts was tested using the Kirby-

Bauer diffusion method. The standardized bacterial 

suspension was spread evenly on the surface of 

Mueller-Hinton Blood Agar using a sterile cotton 

swab and allowed to stand for 5-15 minutes. The 

samples were divided into four groups: 100% aloe 

vera extract, 100% betel leaf extract, 0.2% chlorhex-

idine (positive control), and sterile distilled water 

(negative control). The plates were incubated at 

37°C for 24 hours. The inhibition zone, defined as 

the clear area around the paper disc, was measured 

using a caliper. 

Data analysis was performed using SPSS soft-

ware. Normality was tested using the Shapiro-Wilk 

test because the sample size was less than 30. Ho-

mogeneity of variance was assessed using Levene’s 

test. Since the data were not normally distributed, 

the Kruskal-Wallis test was used to determine sig-

nificant differences among groups. If the Kruskal-
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Wallis test showed p < 0.05, further analysis was 

conducted using the Mann-Whitney test to identify 

differences between treatment groups. 

 

RESULTS AND DISCUSSIONS 

The results of testing betel leaf extract with 

100% concentration and aloe vera extract with 

100% concentration in inhibiting the growth of En-

terococcus faecalis bacteria on Mueller-Hinton Agar 

media show the results as in Table 1 below. 

 

Table 1. Test results of betel leaf and aloe vera ex-
tracts 

Repetition K+ K- 
100%  
Betel Leaf 

100%  
Aloe Vera 

I 20.60 - 15.80 13.55 
II 20.20 - 15.60 13.75 
III 20.40 - 15.80 13.60 
IV 20.55 - 15.75 13.40 
V 20.60 - 15.55 13.05 
VI 20.55 - 15.60 13.20 

 

Table 1 shows that the antibacterial inhibitory 

power of betel leaf extract with a concentration of 

100% and aloe vera extract with a concentration of 

100% is included in the strong category because it is 

in the range of 10-20mm, where in aloe vera extract 

with a concentration of 100% the average is 13.42 

mm, betel leaf extract with a concentration of 100% 

the average is 15.68 mm, while in positive control B 

it is included in the strong category with an average 

value of 20.4 mm. 

Based on the results of Tukey's further test, 

comparisons between groups showed significant 

differences in the bacterial growth inhibition zones. 

K (+) group compared with Betel Leaf has an aver-

age difference of 4,800 with p -value = 0.000, which 

indicates significant results. Group K (+) compared 

to aloe vera has a different average of 7.05833 with 

p -value = 0.000, which also shows significant re-

sults. The betel leaf group compared with K (+) had 

an average difference of -4,800 with a p-value of 

0.000, indicating a significant difference between 

the two groups. The betel leaf group compared with 

the aloe vera average difference of 2.258 with p -

value = 0.000, which also shows a significant differ-

ence. Group aloe vera compared to K(+) had a differ-

ent average of -7.058 with p -value = 0.000, 

indicating a significant difference. Group aloe vera 

compared to betel leaf as an average difference of -

2.258 with p value = 0.000, indicating a significant 

difference. 

 

Table 2. Descriptive test 

Group N Average 
Standard Mini-

mum 
Maxi-
mum Deviation 

K (+) 6 20.48 0.157 20.20 20.60 
Betel leaf 6 15.68 0.112 15.55 15.80 
Aloe vera 6 13.42 0.262 13.05 13.75 

 

The results of this study indicate that there are 

differences in the effectiveness of the growth inhibi-

tion zone of Enterococcus faecalis bacteria among 

the three treatment groups. The positive control 

group (K+), which used as the main comparison, had 

an average inhibition zone of 20.48 mm with a 

standard deviation of 0.157 mm, indicating the high-

est effectiveness in inhibiting growth bacteria. The 

minimum and maximum inhibition zones in this 

group ranged from 20.20 mm to 20.60 mm. 

The group that used betel leaf as the test mate-

rial showed a lower inhibition zone compared to the 

positive control, with a mean of 15.68 mm and a 

standard deviation of 0.112 mm. Although lower, 

betel leaf still demonstrated fairly good antibacte-

rial properties. The inhibition zone produced in this 

group ranged from 15.55 mm to 15.80 mm. Mean-

while, the aloe vera group showed the lowest aver-

age inhibition zone among all groups, that is 13.42 

mm with a standard deviation of 0.262 mm. The 

range of inhibition zones in this group ranged from 

13.05 mm to 13.75 mm, indicating that the effective-

ness of aloe vera which lowest in inhibiting the 
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growth of Enterococcus faecalis compared to the 

other groups. These results confirm that the positive 

control was the most effective treatment, followed 

by betel leaf and aloe vera. 

 

Table 3. Normality test 

Group N p-value 
K+ 6 0.054 
Betel leaf 6 0.121 
Aloe vera 6 0.849 

 

Based on the results of the normality test, all 

data groups are normally distributed, because the 

p-value in each group is greater than 0.05. Control 

positive (K+) own p-value as big as 0.054, leaf betel 

of 0.121, and aloe vera as big as 0.849. It can be con-

cluded that the distribution data on the third group 

fulfils the assumptions of normality, which is re-

quired for further statistical analysis. 

 

Table 4. Levene’s Test 

F df1 df2 p-value 
2.448 2 15 120 

 

Based on the results of the data homogeneity 

test in the table above, the p-value is 0.120, which 

is greater than the 0.05 significance level. This in-

dicates that the three data groups have homogene-

ous variance. 

 

Table 5. ANOVA Test 

 Sum of 
Squares 

df Mean 
Square 

F p- value 

Between Groups 155.920 2 77.960 2.205 0.000 
Within Groups 0.530 15 0.035   
Total 156.451 17    

 

Based on Table 5, it is known that the p-value 

is 0.000, which is smaller than 0.05, so that H0 is 

rejected. This means there is a significant difference 

between zones, the growth of bacteria which is pro-

duced by group K (+), betel leaf, and aloe vera. Next, 

a Tukey follow-up test was conducted to determine 

the average difference between the two groups. 

The basis for decision-making in the Tukey follow-

up test is as follows: If p-value < 0.05, then there is 

a significant difference. If p-value > 0.05, then there 

is a significant difference. 

 

Table 6. Tukey’s Test 

Group Comparison Different Average p-value 
K (+) Betel leaf 4.800 0.000 
 Aloe Vera 7.058 0.000 
Betel leaf K (+) -4.800 0.000 
 Aloe Vera 2.258 0.000 
Aloe Vera K (+) -7.058 0.000 
 Betel leaf -2.258 0.000 

 

Based on the results of Tukey's further test, 

comparisons between groups showed significant 

differences in the bacterial growth inhibition zones. 

The explanation is as follows: The K (+) group com-

pared with betel leaves has an average difference of 

4.800 with a p-value = 0.000, which indicates a sig-

nificant difference. Eight groups K (+) compared to 

aloe vera had a different average of 7.05833 with a 

p-value = 0.000, which also shows a significant dif-

ference. The betel leaf group compared with K (+) 

had an average difference of -4.800 with a p-value of 

0.000, indicating a significant difference between 

the two groups. The betel leaf group compared with 

the aloe vera own average difference of 2.258 with a 

p-value of 0.000, which also shows a significant dif-

ference. Group aloe vera compared to K (+) showed 

a different average of -7.058 with p-value = 0.000, 

indicating a significant difference. Group aloe vera 

compared to betel leaf has an average difference of -

2.258 with a p-value of 0.000, indicating a significant 

difference. All comparisons between groups showed 

significant differences in the bacterial growth inhi-

bition zone. 

The results of this study showed that there was 

an inhibition zone for bacterial growth. Enterococ-

cus faecalis on extract betel leaf with concentration 
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100% and aloe vera extract with concentration 

100% is quite significant due to the treatment of be-

tel leaf extract and aloe vera extract, this is proven 

by the formation of an inhibition zone or clear zone 

on the agar medium where in the positive control 

group the inhibition zone produced was an average 

of 20.4 mm then in the treatment group with betel 

leaf extract with concentration 100% obtained aver-

age as big as 15.6 mm, and on the treatment group 

with aloe vera extract at a concentration of 100% 

obtained an average of 13.4 mm.  Clear zone indi-

cates existence growth of microorganism by antimi-

crobial agent on media surface, the diameter of the 

inhibition zone is categorized according to its anti-

bacterial power based on the Davis and Stout classi-

fications (21 mm or more means very strong 

inhibition), a clear zone with diameter 11-20 mm 

means strong inhibition, a clear zone with diameter 

6-10 mm means moderate inhibition, a clear zone 

diameter 2-5 mm means weak inhibition.14. Based 

on the results of the inhibition zone measurements, 

extract betel leaf and extract aloe vera can hinder 

the growth of Enterococcus faecalis bacteria, but be-

tel leaf extract can inhibit bacterial growth better 

than aloe vera extract because diameter zone resis-

tor on extract leaf betel bigger but still both in the 

strong category. 

This study shows the improvement of the diam-

eter zone resistor in a strong category. Betel leaf has 

antibacterial potential due to its active compounds 

such as flavonoids, alkaloids, saponins, tannins, and 

triterpenoids. It can be proven that the existence of 

the compound is active with the phytochemical test 

identification. The results of the phytochemical 

identification test on betel leaf extract showed that 

tannin compounds were positive, while alkaloids, 

flavonoids, saponins, and triterpenoids were nega-

tive. The results of the phytochemical identification 

test on aloe vera extract showed that alkaloids, 

flavonoids, and triterpenoids were positive. sapo-

nins, triterpenoids, and tannins. Compound tannin 

and saponins were found positive, while for 

triterpenoid, alkaloid, and flavonoid compounds, it 

was found negative, compounds the own antibac-

terial properties. Compound Active flavonoids have 

an antibacterial mechanism by forming complex 

compounds with extracellular and dissolved pro-

teins, so that they can damage bacterial cell mem-

branes and are followed by the release of 

intracellular compounds.15  Saponin works as an an-

timicrobial because the saponin compound can carry 

out an inhibitory mechanism by forming a complex 

compound with the cell membrane through hydro-

gen bonds, so that it can destroy the permeability of 

the bacterial cell wall and cause bacterial cell 

death16. The active compound tannin has antibacte-

rial activity, which is related to with his abilities for 

activate adhesive microbial cells. It also inactivates 

enzymes and disrupts protein transport in the inner 

layer of cells17. The antibacterial mechanism of 

triterpenoids is that they react with porins (trans 

membrane proteins) on the outer membrane of the 

bacterial cell wall and form bonds. A polymer that is 

strong enough to cause damage to the porin. The 

damage to porin is the entry and exit point for nutri-

ents, so inhibitory compounds will reduce the per-

meability of the bacterial cell wall. This permeability 

of the bacterial cell wall will interfere with the entry 

and exit of nutrients and other compounds, so that 

bacterial growth is inhibited or the bacterial cell will 

die. Alkaloids work as antibacterials by disrupting 

the peptidoglycan components in bacterial cells, so 

that the cell wall layer does not form completely, 

causing bacterial cell death.18. Secondary metabolite 

compounds, namely tannins, which are tested 

against Gram-positive and Gram-negative bacteria, 

show that tannin more effective in inhibiting the 

growth of Gram-positive bacteria compared to 
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Gram-negative. Bacteria Enteroccocus faecalis is 

bacteria grams positive that. This means it can be in-

hibited by the tannins contained in betel leaf extract 

and aloe vera extract. 

The data obtained from the test results are nor-

mally distributed and homogeneous data so that 

parametric tests are then carried out using the One-

Way ANOVA test. The results of the SPSS test using 

the One-Way ANOVA test show that the p-value = 

0.000 (p<0.05). This indicates that there is a signifi-

cant difference between the growth inhibition zones 

of Enterococcus faecalis bacteria in the groups using 

positive controls, betel leaf extract, and aloe vera ex-

tract. Furthermore, a Tukey further test was carried 

out to determine the average difference in the two 

groups, with the results of all groups showing signif-

icant differences in the growth inhibition zones of 

Enterococcus faecalis bacteria. 

 

CONCLUSION 

Based on the literature review, research re-

sults, and discussion, this research can be con-

cluded that betel leaf extract (Piper betle L.) with 

100% concentration and aloe vera extract with 

100% concentration can hinder the growth of bac-

teria Enterococcus faecalis. Betel leaf extract (Piper 

betle L.) is more effectives hinder growth of bacteria 

Enterococcus faecalis compared with aloe vera ex-

tract. 

 

REFERENCES 

1. Ministry of Health of the Republic of Indonesia. 
Situasi Kesehatan Gigi dan Mulut 2019 [Internet]. Ja-
karta: Ministry of Health of the Republic of Indone-
sia; 2020. 

2. Ramdiani D, Yulita I, Sasongko BG, Purnama T. Required 
Treatment Index (RTI) in adult patients at Tjang Ri-
yanto Cahyadi Dental Clinic, Bogor City. J Dent Hyg Ther. 
2020; 1(2): 55–60. Doi:10.36082/jdht.v1i2.128 

3. Radifah S. The relationship between attitudes and 
knowledge of the community regarding tooth extrac-
tion in Bone Regency [Thesis]. Makassar: Faculty of 
Dentistry, Hasanuddin University; 2004. 

4. Yanti, N. Biocompatibility of root canal irrigation solu-
tions [Thesis]. Medan: Faculty of Dentistry, University of 
North Sumatra; 2004. p. 2–5. 

5. Wardhana AW, Prayudi Y. The use of template matching 
method for identifying defects in PCBs. In: Proceedings 
of the National Seminar on Information Technology Ap-
plications (SNATI); 2008. 

6. Didilescu AC, Melchiori C, Nica L, Sandulescu M, Ban-
cescu A, Bancescu G. Antibacterial efficacy of endodon-
tic irrigation solutions against Enterococcus faecalis. 
BMC Infect Dis. 2013; 13(Suppl 1): P113. 
Doi:10.1186/1471-2334-13-113 

7. Sibarani, Merry. Caries: Etiology, clinical characteristics, 
and management. [Publisher unknown]; 2014. 

8. Haapasalo M, Endal U, Zandi H, Coil JM. Eradication of 
endodontic infection by instrumentation and irrigation 
solutions. Endod Topics. 2005; 10(1): 77–102. Doi: 
10.1111/j.1601-1546.2005.00135.x. 

9. Haapasalo M, Qian W. Irrigators and intracanal medica-
tion. In: Ingle JI, Bakland LK, Baumgartner JC, editors. In-
gle’s Endodontics. 6th ed. Hamilton (ON): BC Decker 
Inc.; 2008. 

10. Wulandari Z, Ugiarto M, Hairah U. Sistem informasi 
obat-obatan herbal. Pros Semin Ilmu Komput dan 
Teknol Inf (SAKTI) 2017; 2(1): 227–234. 

11. Beatrice L. Antibacterial power of Mahkota Dewa fruit 
extract against Enterococcus faecalis as an in vitro root 
canal medicament [Thesis]. Medan: Universitas Su-
matera Utara; 2010. 

12. Inayatullah. The effect of green betel leaf extract (Piper 
betle L.) on the growth of Staphylococcus aureus [the-
sis]. Jakarta: Syarif Hidayatullah State Islamic Univer-
sity; 2012. 

13. Kusmawati A, Pratiwi IR. Extraction of acemannan pol-
ysaccharide from Aloe vera using ethanol as a precipita-
tor. Int J Chem Biol Eng. 2017; 3(2): 39–47. 

14. Luki NPY. Papaya leaf extract (Carica papaya) effec-
tively inhibits the growth of Streptococcus pyogenes in 
vitro [Thesis]. Denpasar: Mahasaraswati University; 
2018. 

15. Ngajow M, Abidjulu J, Kamu VS. The antibacterial effect 
of matoa (Pometia pinnata) stem bark extract against 
Staphylococcus aureus in vitro. J MIPA 2013; 2(2): 128–
132. Doi: 10.35799/jm.2.2.2013.3121 

16. Sari A, Asri MT. Antibacterial activity of lime peel extract 
(Citrus aurantifolia) against the growth of Shigella dys-
enteriae. LenteraBio. 2022; 11(3): 441–448. Doi: 
10.26740/lenterabio.v11n3.p441-448 

17. Chairani A, Harfani E. Effectiveness of castor oil as an an-
tiseptic against the growth of Staphylococcus aureus, 
Escherichia coli, and Candida sp. in vitro. Med J Univ 
Lampung. 2018; 2(2): 84–92. 

18. Amalia A, Sari I, Nursanty R. Antibacterial activity of 
ethyl acetate extract of sembung leaf (Blumea balsamif-
era (L.) DC) against MRSA. In: Proceedings of the Na-
tional Biotic Seminar; 2017. p.1-8 

 


