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ABSTRACT 
Introduction: Pulp infection is mainly induced by anaerobic bacteria. Enterococcus faecalis(E. faecalis) has 

been investigated to cause the failure of root canal treatment. The long-term use of the chemical antibacterial 

agent, including chlorhexidine, may lead to bacterial resistance. Okra fruits (Abelmochus esculentus) 

containing various active compounds such as flavonoids, saponins, steroids, alkaloids, tanninshave been known 

to have antibacterial properties. Therefore, this study aimed to investigate the effect of okra fruits extract 

against E. faecalisATCC
®
29212™. 

Methods:As many as 3 kilograms of okra fruits were dried and extracted by using 12 liters ethanol solvent. The 

extract was diluted in Mueller Hinton Broth (MHB) into 7 different groups:I (extract of okra10%); II (extract of 

ocra 15%); III (extract of ocra 20%); IV (extract of ocra 25%); V (positive control I, Chlorhexidine 2%); VI 

(positive control II, Vancomycin); and VII (negative control, DMSO), with 6 samples each and then compare the 

change of turbidity with 0.5 Mc. Farland. After serial dilution, It was dropped on Mueller Hinton Agar (MHA) 

and the number of bacterial colonies was counted in CFU/ml.A dilution test was used to determine Minimum 

Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration (MBC). A diffusion test method was 

performed to measure the formation of the inhibition zone surrounding the disk paper. One way ANOVA was 

used to determine the significant difference among groups (p<0,05). 

Results:It showed that the okra fruit extracts with concentrations of 10%, 15%, 20%, 25% were not found to 

have the MIC and MBC valuesagainst E. faecalis ATCC®29212™. Furthermore, the concentrations of extract 

were increased to 30%, 40%, 50%, and 60%. The extract of okra could inhibit the growth of E. faecalis at a 

concentration of 50% (MIC), while eradicating the bacteria at a concentration of 60% (MBC). In the diffusion 

method, the extract of okra fruits 40%, 50%, 60% inhibited E. faecalis colonies with the mean value of 

inhibition zone were 9,5±0,3; 13,0±0,7; 15,4±0,3 respectively. Otherwise, there was no inhibition zone found 

following the treatment of the extract at the concentration of 30%.  

Conclusion:Our study concludes that the extract of okra fruits has an antibacterial effect against E. faecalis 

with the MIC values at a concentration of 50% and the MBC values at a concentration of 60%. 
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I. Introduction 
Pulp infection is a disease that occurs in the root canals of teeth, with 85%-95% of cases caused by 

anaerobic bacteria. Enterococcus faecalis(E. faecalis) are frequently found in root canals with necrotic 

pulp.
1
Various factors lead to E. faecalis being involved in root canal infection; bacterial resistance and 

virulence; the ability to compete with other microorganisms (bacteria invading into the dentinal tubules); and the 

ability to survive in low nutritional conditions. The high resistance of E. faecalis is relatively caused by its 

capabilityof survivalin an alkalic environment.
2, 3

Therefore, root canal treatment is performed to eliminate the 

infection which aims to relieve pain, as well asto control sepsis from the pulp and surrounding periapical tissue.
3
 

Root canal treatment consists of pulp chamber preparation, pulp tissue extirpation, root canal irrigation, 

medication, and root canal filling. Reduction or elimination of necrotic tissue in the root canal is requiredto 

establish the healing process through cleaning and shaping the root canal.
4
The step of cleaning is carried out by 

removing vital and necrotic pulp tissue, as well as eliminating microorganisms.
5
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However, some cases are commonly found to have unsuccessful root canal therapyinduced by the 

development of microorganisms during root canal treatment. The residual necrotic tissue in the root canal is the 

major cause of treatment failure.
3, 5

In addition, the environment with low oxygen and the interactions among 

bacteria are the main determinants of the ecology in the root canal.
6
Antibacterial agent including 

chlorhexidine,is frequently used to inhibit the growth of E. faecalis.
7
Chlorhexidine has broad-spectrum 

antibacterial activity, is low in toxicity, and is soluble in water.As an irrigant and intracanal medicament, 

chlorhexidine is fairly effective in reducing or eradicatingE. faecalis in root canals and dentinal tubules.
8
 

Irrigating the canals by using chlorhexidine for a few minutes was able to remove these bacteria in the dentinal 

tubules up to 100 µm.
7, 8

It is absorbed to the surface of bacterial cells, destroying the integrity of the cell 

membrane so that it precipitatesthe cytoplasmic fluid. The mechanism underlying its antibacterial propertiesis 

through the attraction of cation molecules from chlorhexidine with anion molecules from the bacterial cell 

membrane.
7
 

Chemically produced antibacterial agents have some undesirable effects when applied for a long time 

causingresistance of bacteria in the oral cavity.Moreover, chlorhexidine is not able to dissolve the remains of 

necrotic tissue.
9
 It has a potential allergic reaction such as anaphylaxis or acute allergic reactions including 

Quincke edema and urticarial, if exposed to skin.
10, 11

This condition takes the need to look for other alternative 

treatments such as herbs or traditional ingredients that have the potential to developasantibacterial agents and 

have relatively low side effects. Okra is a plant that has antibacterial properties. Okra contains active chemical 

compounds such as flavonoids, saponins, steroids, alkaloids, tannins. These compounds could inhibit the growth 

of bacteria by damaging the permeability ofthe cell membrane so thatbacterial cell growth isblocked.
12

 

Kalarani et al. (2017) found thatthe extractof Okra fruit has the potentialantibacterial effect against 

Streptococcus mutans.
13

Luthfi(2021)showed that okra extract at a concentration of 3.125% influenced the 

growth of Aggregatibacter actinomycetemcomitansand could kill the bacteria at 6.25%.
14

Yuliati et al (2020) 

demonstrated that okra extract has a MIC value of 3.125% and an MBC value of 6.25% against Porphyromonas 

gingivalis.
15

In addition, Septianingrum NMA et al. (2018) found that the extract at a concentration of 45% could 

inhibit the growth ofEscherichia coli.
16

However, the research of the antibacterial effect of okra againstE. 

faecalis is not reported. Therefore, this study aimed to investigate the effect of okra extract against E. faecalis as 

an alternative and potential antibacterial agent in root canal treatment. 

 

II. Material And Methods 
This study is experimental laboratory research with posttest only control group design. The study was 

approved by KomisiEtikPenelitianKesehatan(KEPK), Faculty of Medicine, Universitas SumateraUtara. Okra 

plants were obtained from the fields placed on Jalan Kutilang Medan Sunggal. The extract was prepared at the 

laboratory of research & development of medicinal plants complex located in TASBI 2 Blok VI no. 57 Medan. 

The culture of E. faecalisATCC
®
29212™ was obtained from the Microbiology Laboratory of USU Hospital. An 

antibacterial test was carried out in the Microbiology Laboratory of the USU Hospital. The sample size was 

calculated according to Federer’sformula :(t-1) (r-1) ≥ 15, (t = number of treatment, r = number of replication). 

 

Preparation of the extract 

Okra fruits as many as 3 kilograms were washed with running water, dried, and stored in a tightly 

closed container.The extract was prepared by using the maceration method. Simplicia of okra was soaked in 1.5 

liters of ethanol 70%. After 18 hours, the solution was filtered, collected, and subsequently drained using a 

rotary evaporator at a temperature of 40º until the viscous extract was obtained, and stored in the incubator. 

 

Determination of treatment groups 

The study was performed in two stages, with seven groups in both stages. The first stage consisted of: 

group I (extract of okra10%). group II (extract of ocra 15%), group III (extract of ocra 20%). group IV (extract 

of ocra 25%), group V (positive control I, Chlorhexidine 2%), group VI (positive control II, Vancomycin), and 

group VII (negative control, DMSO).The number of replication of this study was six times in each concentration 

of extract, hence the total amount of samples was 24 for treated groups, 6 for the positive control 

(Chlorhexidine), 6 for the positive control (Vancomycin), and 6 for negative control.The second stage 

comprised of: group I (extract of okra30%). group II (extract of ocra 40%), group III (extract of ocra 50%). 

group IV (extract of ocra 60%), group V (positive control I, Chlorhexidine 2%), group VI (positive control II, 

Vancomycin), and group VII (negative control, DMSO) with the total number of samples equal to the first stage 

which was previously mentioned. 

 

Evaluation of antibacterial activity 

All 7 tubeswere prepared and added with 1 ml of Mueller Hinton Broth MHB media.The culture ofE. 

faecalis ATCC®29212™ was added and suspended in 0.85% NaCl solution until the same turbidity was 
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obtained with the 0.5 McFarland standard. Drop every 1 ml of okra extract with various concentrations of the 

extract (stage I and II) with a micropipette into each tube and also 1 ml of positive control solution (1) and 

negative control. The tubes were incubated at 37º for 24 hours. To examine the MIC and MBC values, all 

samples were subcultured on Petri dishes containing Mueller Hinton Agar (MHA). The colony of E. faecalis 

grown on the media was counted as a colony-forming unit (CFU). 

To measure the inhibition zone, a diffusion test was selected in the study. Sterile disk papers were 

immersed in the extract solution. Chlorhexidine 2% and vancomycin were positive control, whereas DMSO 

wasa negative control. One to two loops of E. faecalis ATCC®29212™ culture were added onto the media and 

then scratched tightly on the surface of the medium. The treated disks were placed on MHA with tweezers and 

then incubated at 37º for 24 hours. The zone of inhibition indicated by the colony-free diameter (clear zone) was 

measured using a digital caliper with an accuracy of 0.01 mm. 

 

Data analysis 

Data were the values of MIC and MBC measurement and analyzed using SPSS v.17.0 software. Data were 

presented in the mean and standard deviation of six replications of samples. To evaluate the effect of Okra 

extract against E. faecalisin each group, one way ANOVA was selected to analyze the data. 

 

III. Results 
Observation of dilution tubes containing the extract of Okra fruits 

According to the observation of dilution tubes, the extract at concentrations of 10%, 15%, 20%, and 25% was 

not seen differences, as a result of opacity from the extracted color. Table 1 shows the dilution tubes in all 

treatment groups with turbidity. 

 

Table 1. Observation of dilution tubes of the Okra extract at various concentration of 10%, 15%, 20%, 

25% 

Concentration 

Observation 

I II III IV V VI 

10% Turbid Turbid Turbid Turbid Turbid Turbid 

15% Turbid Turbid Turbid Turbid Turbid Turbid 

20% Turbid Turbid Turbid Turbid Turbid Turbid 

25% Turbid Turbid Turbid Turbid Turbid Turbid 

       

 

According to the observed dilution tubes at stage 2, the extracts at concentrations of 30%, 40%, 50%, and 60% 

were indistinguishable (Figure 1). The cloudy suspension was seen in all treated groups (Table 2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Turbidity in dilution tubes of the okra extract-treatedE. faecalis. Both positive and negative control 

showed clear solutionsindicating no bacteria grown in the medium. 
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Table 2. Observation of dilution tubes of the Okra extract at various concentration of  30%, 40%, 50%, 

60% 

Concentration 

Observation 

I II III IV V VI 

30% Turbid Turbid Turbid Turbid Turbid Turbid 

40% Turbid Turbid Turbid Turbid Turbid Turbid 

50% Turbid Turbid Turbid Turbid Turbid Turbid 

60% Turbid Turbid Turbid Turbid Turbid Turbid 

 

Otherwise, the dilution tubes in positive control group I (chlorhexidine) were allclear, but not negative control 

(DMSO) (Table 3). 

 

Table 3. Observation of dilution tubes of the Okra extract at positive and negative control groups 

Control 

PengamatanTabungDilusi 

I II III IV V VI 

Positive Clear Clear Clear Clear Clear Clear 

Negative Turbid Turbid Turbid Turbid Turbid Turbid 

 

Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration (MBC) of Okra 

Extract against E. faecalis ATCC
®
29212™ 

MIC and MBC were determined by dilution test on Mueller Hinton Agar media and then the formed colonies on 

petri dish were counted as colony-formingunits (CFU). It shows that the MIC and MBC values of the extract at a 

concentration of 10%, 15%, 20%, 25% were not acquired as the number of colonies was more than 300 CFU/ml 

(Table 4). 

 

Table 4. The amount of E. faecalis colonies grown on the petri dish following treatment of okra extract at 

the concentration of 10%, 15%, 20%, 25% 

Concentration 

Colony Forming Unit (CFU/ml) 

I II III IV V VI 

10% >300 >300 >300 >300 >300 >300 

15% >300 >300 >300 >300 >300 >300 

20% >300 >300 >300 >300 >300 >300 

25% >300 >300 >300 >300 >300 >300 

 

In the first stage of this study, okra fruit extracts with concentrations of 10%, 15%, 20%, 25% were not found to 

have the MIC and MBC valuesagainst E. faecalis ATCC®29212™. Furthermore, the concentrations of extract 

were increased to 30%, 40%, 50%, and 60%. As shown in Table 5, the extract of okra could inhibit the growth 

of E. faecalisat a concentration of 50% (MIC), while eradicated the bacteria at a concentration of 60% (MBC). 

 

Table 5. The values of MIC and MBC on the extract of okra fruits against E. faecalis ATCC
®
29212™ 

Concentration 

Colony Forming Unit (CFU/ml) 

I II III IV V VI 

30% >300 >300 >300 >300 >300 >300 

40% >300 >300 >300 >300 >300 >300 

50% 287 274 288 292 279 263 

60% 0 0 0 0 0 0 

 

Positive control I (chlorhexidine) completely blocked the growth ofE. faecalis showing the value of 0 CFU/ml 

(Table 6). Otherwise, the colonies of E. faecalis were highly increased as many as more than 300 CFU/ml in the 

negative control group (Table 6).  

 

Table 6. The number of E. faecalis colonies grown in the positive and negative control 
Control Colony Forming Unit (CFU/ml) 
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I II III IV V VI 

Positive 0 0 0 0 0 0 

Negative >300 >300 >300 >300 >300 >300 

       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Growth of E. faecalis colonies observed in the negative control, the extract of okra fruits treated 

bacteria at a concentration of 30%. 40%, and 50%. While there were no bacteria grown on positive control and 

the okra extract at the concentration of 60%. 

 

Diameter of inhibition zone of the extract of okra fruits against E. faecalis ATCC
®
29212™ 

The inhibition zone was determined by diffusion test and the diameter of the clear area surrounding disk paper 

was measured using a caliper. Results showed that the extract of okra fruits 40%, 50%, 60% inhibited E. 

faecaliscolonies with the mean value of inhibition zone were 9,5±0,3; 13,0±0,7; 15,4±0,3 respectively. 

Otherwise, there was no inhibition zone found following the treatment of the extract at a concentration of 30% 

(Table 7). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. The formation of inhibition zone on disk paper in control positive and the okra extract-treated medium 

containing E. faecalis. 

 

Table 7. The diameter of inhibition zone after-treatment of the various concentration of the okra fruits 

extract againstE. faecalis ATCC
®
29212™ 

 

Concentration 

Inhibition zone (mm) 

I II III IV V VI 
Mean 

±SD 

C+ 

C+ 

C- 50% 

60% 

30% 

40% 
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30% 0 0 0 0 0 0 0±0 

40% 9,5 9,5 10 10 9 9,5 9,5±0,3 

50% 14 12,5 13 13 12 13,5 13,0±0,7 

60% 16 15 15,5 15 15,5 15,5 15,4±0,3 

Positive Control I 19 20 18 20 20 19 19,3±0,8 

Positive Control II 28 28 27 29 27 28 27,8±0,7 

Negative Control 0 0 0 0 0 0 0±0 

 

IV. DISCUSSION 
E. faecalis is a bacterium with high resistance which often affects the failure of root canal treatment. 

This study using okra fruit extract as an antibacterial agent against E. faecalis was successful in determining the 

MIC, MBC, and zone of inhibition by increasing the concentration. Our study showed that the extract of okra 

fruits at lower concentrations of 10%, 15%, 20%, and 25%did not affect the inhibition of E. faecalisgrowth. 

However, several previous studies demonstrated the effectiveness of the okra extract against some other bacteria 

at very low concentrations compared with the current study.
13-16

It is presumably caused by various factors, such 

as bacterial resistance and virulence, the ability to compete with other microorganisms (invasion of these 

bacteria into the dentinal tubules), and the ability to survive in low nutritional conditions.
2, 3

 

To further find the effective concentration of the okra extract against E. faecalis, the investigation was 

continued by increasing the concentration to 30%, 40%, 50%, and 60%.The extract of okra fruits has MIC and 

MBC values at a concentration of 50% and 60%, respectively. Moreover, the results showed that the extract 

with concentrations of 40%, 50%, 60% showed the diameter of inhibition zone on disk paper against E. faecalis 

ATCC®29212™. The inhibitory zone of the okra fruit extract at concentrations of 60% and 50% had a strong 

inhibitory level against E. faecalis ATCC®29212™, while at a concentration of 40% it had a moderate 

inhibitory level.There was a significant difference in the diameter of the inhibition zone in all treatment groups 

in inhibiting the growth of E. faecalis ATCC®29212™. This value indicates that the extract at concentrations of 

30%, 40%, 50%, 60% was able to inhibit the growth of E.faecalis. The results of this study are in line with a 

study by Kalarani et al. (2017) which stated that the okra fruit extract with different diameters of the inhibition 

zone in all treatment groups inhibited the growth of Streptococcus mutans.
13

 

Plant extracts with active compounds have a significant effect on antibacterial activity. The 

components of active substances contained in the okra fruit include flavonoids, alkaloids, tannins, steroids, and 

saponins.
17

 These secondary metabolites are likely involved in the antibacterial action in blocking the growth of 

E. faecalis. Flavonoids are active compounds that play a role in forming complexes between hydrogen and walls 

and can directly inhibit the growth and function of microorganisms in the microbial cell cycle.
18

 Alkaloids have 

the ability toan antibacterial by interfering with the peptidoglycan constituent components in bacterial cells, so 

that the cell wall layer is not formed completely and causes the death of the cell.
19

 Steroids can inhibit growth by 

interfering with the process of membrane and cell wall formation. Saponins cause damage to bacterial 

membrane permeability so that the materials needed for life are lost and can cause cell death.
20

 

 

V. CONCLUSION 
Our study concludes that the extract of Okra fruits has an antibacterial effect against E. faecalis with 

the MIC values at a concentration of 50% and the MBC values at a concentration of 60%. Therefore, it is 

required to further study the effect of the okra extract against E. faecalis in an animal model to investigate the 

efficacy of the extract in dental tissues, so that it may be used as a potential alternative antibacterial agent. 
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