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Objective: In root canal treatments, chlorhexidine (CHX) is widely used for irrigation and is effective in killing Enterococcus faecalis. CHX is a synthetic 
chemical and is toxic to host cells; therefore, natural or herbal irrigation solutions, which are safer but still effective, are necessary. The aim of this 
study is to analyze the effect of xanthorrhizol (XNT) derived from Curcuma xanthorrhiza Roxb. on E. faecalis clinical isolate biofilm formation (0.5%, 
0.75%, 1%, 1.25%, and 1.5%).

Methods: The MTT assay and total plate count were performed for assessing the effectiveness of herbal ingredients, while CHX (2%) was used as a 
positive control. Data were analyzed using one-way ANOVA and Bonferroni post-hoc tests for analyzing differences between groups.

Results: Xanthorrhizol concentrations of 0.5%, 0.75%, 1%, 1.25%, and 1.5% reduced the amount of bacteria that grew as biofilms in vitro. We found 
that the ability of xanthorrhizol 1% to inhibit E. faecalis biofilm formation was not significantly different compared with that of CHX 2% (p>0.05).

Conclusion: Xanthorrhizol 1% can inhibit biofilm formation by E. faecalis. Further studies are required to confirm this preliminary result.
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INTRODUCTION

Resistant microorganisms can cause failed root canal treatments. 
Enterococcus faecalis is the most prevalent resistant bacterium that is 
found in root canal post-endodontic treatment. According to Siqueira 
and Rocas [1], E. faecalis is the most prevalent bacterium, as much as 
77%, found in failed endodontic treatments [2]. This bacterium can 
form biofilms in root canals, making it 1000 times more resistant to 
antimicrobials compared to its planktonic form [3]. Virulence possessed 
by E. faecalis enables biofilm formation in host tissue and resistance to 
host defense mechanisms [4].

Root canal treatments require irrigation solutions with antibacterial 
properties. Chlorhexidine (CHX) is widely used for irrigation in 
endodontic treatment and is effective in killing E. faecalis. According 
to Ferraz (2007), 2% CHX in the form of gels and solutions is more 
effective in eliminating E. faecalis than 5.25% NaOCl [5]. CHX is a 
synthetic chemical, but literatures show that it is toxic to host cells. 
According to Faria (2009), using CHX for irrigation can result in 
apoptosis and necrosis of fibroblast cells [6,7]. Therefore, alternative 
irrigation solutions from natural or herbal ingredients are needed. 
Herbal ingredients are safer and effective to kill E. faecalis [8].

Curcuma xanthorrhiza Roxb. or temulawak is a herbal ingredient 
that is effective against E. faecalis [8]. Xanthorrhizol (XNT) is a 
unique phytochemical compound found in Curcuma xanthorrhiza 
Roxb. [8]. It has been reported for its antibacterial, antifungal, anticancer, 
antioxidant, and anti-inflammatory properties [8]. According to 
Yue et al. (2015), xanthorrhizol 1%, which is the fractionated form of 
Curcuma xanthorrhiza Roxb., is more effective against E. faecalis ATCC 
29212 biofilms than CHX at concentrations of 0.0625% and 0.03325% 
in alkaline conditions [9]. Xanthorrhizol is a non-toxic herbal ingredient 
with antibacterial properties [10].

At present, to the best of our knowledge, no studies have compared 
the antibacterial effect of xanthorrhizol fractionated from Curcuma 
xanthorrhiza Roxb. on clinical isolate E. faecalis biofilm with that of 
CHX 2%. Therefore, this study analyzed the antibacterial effect of 
xanthorrhizol fractionated from temulawak (Curcuma xanthorrhiza 
Roxb.) at different concentrations (0.5%, 0.75%, 1%, 1.25%, and 1.5%) 
against E. faecalis clinical isolate biofilm and compared the same with 
CHX 2%.

MATERIALS AND METHODS

Xanthorrhizol used in this study was obtained from PT. Tri Rahardja 
(Javaplant), Indonesia, isolated from a fraction of the ethanol extract 
of Javanese Turmeric (Curcuma xanthorrhiza Roxb.). Analysis of 
xanthorrhizol content was performed using gas chromatography-
mass spectrometry at Laboratorium Kesehatan Daerah (Labkesda, 
Indonesia). It showed that xanthorrhizol used in this study had a 
concentration of 95%. Xanthorrhizol was diluted with dimethyl 
sulfoxide (DMSO) for obtaining concentrations of 0.5%, 0.75%, 1%, 
1.25%, and 1.5% using the following formula: C1.V1 = C2.V2. The 
targeted bacteria for this study were E. faecalis that was isolated from 
patients with non-vital teeth and periapex abnormalities who required 
endodontic treatment. Bacterial clinical isolates with ethical numbers: 
99/Ethical Approval/FKGUI/X/2014. Bacterial cultures of clinical 
isolates were grown in CHROMagar, which was chosen because it 
provides presumptive identification of E. faecalis directly from clinical 
samples. Plates were incubated at 37°C for 24 h. They appeared as 
bluish colonies. E. faecalis that already grew were collected with the 
use of an ose needle until one full loop, then inoculated into a tube of 
brain heart infusion (BHI) broth with a suspension of 1 × 108 cells/mL 
(McFarland standard). The tube was centrifuged using a vortex mixer, 
then incubated anaerobically with 5% CO2 for 24 h at 37°C, and stored 
at 4°C in the refrigerator before use. Biofilms are bacteria that were 
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incubated before being transferred to 96-well plates containing 100-µL 
suspension of E. faecalis (1 × of 1 × 108 cells/mL) and added to every well 
plate. Subsequently, 100 µL of BHI was added to each well as a growth 
medium followed by incubation at 37°C for 24 h. After incubation, the 
medium was discarded, and the supernatant washed with 100 µL of 
phosphate-buffered saline (PBS) solution.

The study continued by exposing E. faecalis biofilms to 100 µL of 
xanthorrhizol of different concentrations (0.5%, 0.75%, 1%, 1.25%, 
and 1.5%). To the positive control well, CHX 2% (Gluco-Chex) 100 µL 
was added, while 100 µL of BHI was added to the negative control 
well (biofilm without added material tested). In this study, different 
concentrations of xanthorrhizol solution were also included as blank 
samples. Well, plates were subsequently incubated for 15 min at 37°C 
and then washed once with 100 µL of BHI solution. Subsequently, 10 
µL of MTT solution (5-mg/mL concentration) was added to each well, 
which was then incubated in the dark for 3 h at 37°C. Further, 100 µL of 
acidified isopropanol was added to each well to stop the reaction. Plates 
were then placed in an orbital shaker for 1 h. In this study, we used the 
MTT assay for assessing the potential of the material tested to inhibit 
E. faecalis when the bacterium grew as biofilm. The inhibition effect 
was determined based on the optical density value (OD) that was read 
using an ELISA reader at a wavelength of 490 nm. This was converted 
to eradication percentage.

=

  −
− ×  −  

Percentageof biofilmeradication(%)

1 100%ODsample ODblank sample
ODnegativecontrol ODblank negativecontrol

The antibacterial test, using the total plate count method, was 
conducted by making the biofilm on 96-well plate, taking as much 
100-mL suspension of E. faecalis 1 × 108 cells/mL of BHI broth, followed 
by anaerobic incubation at 37°C for 24 h. This was subsequently treated 
by adding 100-µL xanthorrhizol of various concentrations. For the 
positive control, 100 µL of 2% CHX was added to each well. The bottom 
of the well plates was subsequently scraped and placed into the 200 µL 
of PBS solution. It was vortexed for 20 s, then the 5-mL suspension 
was cultured on BHI agar and incubated anaerobically at 37°C for 
24 h. Colonies formed after incubation were manually counted. The 
experiment was conducted in duplicate.

Data were collected and statistically analyzed with SPSS program 
version 24. Statistical analysis was initially performed to test 
the normality of the data. If the data were normally distributed, 
parametric tests were conducted by one-way ANOVA, but if the 
distribution of the data was not normal, the non-parametric Kruskal–
Wallis test was used for analysis. p<0.05 was considered statistically 
significant.

RESULTS AND DISCUSSION

The present study used a clinical isolate of E. faecalis from non-vital 
teeth with periapex abnormalities. E. faecalis from clinical isolates 
persistently grew as biofilm in the root canal, compared with the 
laboratory strains. This is because the bacterium originated from native 
tooth root canals with periapex abnormalities, and as such, it was able 
to survive with more virulence [11]. In this study, CHROMagar media 
were used to clinically identify isolates of E. faecalis because it was 
simple and exhibited good sensitivity and specificity.

This study used E. faecalis biofilm for examining the antibacterial effect 
of xanthorrhizol because, according to Bukhary et al. (2017), E. faecalis 
is found in the form of biofilms in root canals. As such, bacterial biofilms 
must be removed during root canal treatment. The evaluation of the 
antibacterial effect of irrigation fluid on bacterial biofilms is better able 
to describe the clinical conditions than bacterial culture studies in the 
form of planktonic. Bacteria in the form of biofilms are more difficult to 
kill than planktonic bacteria [12].

Xanthorrhizol was chosen because it is a typical phytochemical 
compound in temulawak (Curcuma xanthorrhiza Roxb.) from 
fractionation results based on research by Yue et al. (2015) and has the 
ability as an antibacterial biofilm E. faecalis ATCC 29212 [9]. The purpose 
of this study was to analyze the antibacterial effect of xanthorrhizol 
fractionated from Curcuma xanthorrhiza Roxb. on E. faecalis clinical 
isolate biofilms.

In this study, xanthorrhizol was tested in various concentrations, which 
were selected based on research by Yue et al. (2015). Xanthorrhizol 
1% was fractionated from temulawak (Curcuma xanthorrhiza Roxb.) 
and then dissolved with 30% ethanol, 1% DMSO, and 100-mg/mL 
sodium methyl cocoyl taurate to xanthorrhizol concentrations of 1%, 
0.50%, 0.25%, 1.125%, 0.0625%, and 0.03325%, which were proven 
in alkaline conditions. Xanthorrhizol was more effective against 
E. faecalis ATCC 29212 biofilms than CHX at concentrations of 0.0625% 
and 0.03325% [9]. However, the study was tested on E. faecalis ATCC 
29212 biofilms, and not compared with CHX 2%. Therefore, in this 
study, several concentrations of xanthorrhizol were added (0.5%, 
0.75%, 1%, 1.25%, and 1.5%) for finding the optimum concentration 
of xanthorrhizol that would eradicate E. faecalis biofilms in clinical 
isolates compared with CHX 2%.

CHX 2% is used as a positive control because CHX is an irrigation material 
that has been widely used in effective endodontic treatments to kill 
E. faecalis. According to Ferraz (2007), CHX 2% in the form of gels and 
solutions is more effective in eliminating E. faecalis than NaOCl 5.25% [5].

In this study, dimethyl sulfoxide (DMSO) was used as a xanthorrhizol 
thinner because it does not have antibacterial properties. As such, 
it would not bias the results of the study [13,14]. Biofilm E. faecalis 
was incubated for 24 h. According to Kim et al. (2013), after 24 h of 
incubation, E. faecalis biofilm was in the optimal phase of maturation 
and bacterial biofilms produced extracellular matrices that improved 
the integrity of the biofilm structures. The bacterium became resistant 
to antimicrobial molecular substances [15].

In this study, E. faecalis biofilm was exposed to xanthorrhizol of various 
concentrations and CHX 2%, then incubated for 15 min at 37°C. By 
referring to Sena et al. (2006), who examined the antibacterial effects 
of CHX 2% solutions on E. faecalis biofilm, it was revealed that CHX 2% 
can kill E. faecalis bacteria completely after 15 min [16].

In this study, antibacterial test for E. faecalis clinical isolate biofilms 
was observed using the MTT assay and total plate count methods. The 
antibacterial effect of various concentrations of xanthorrhizol solution 
was compared with that of 2% CHX solution.

Table 1 shows the percentage of biofilm eradication using xanthorrhizol 
solution at different concentrations and 2% CHX solution against 
E. faecalis clinical isolate biofilms. Data processing was performed using 
SPSS software. The data were normally distributed in the normality 
test (p>0.05). Next is the statistical test, with the one-way ANOVA 
significance test obtained a p=0.001. Overall, it can thereby be concluded 
that there were significant differences in the ability of xanthorrhizol to 
eradicate E. faecalis biofilms in the clinical isolates of test groups.

In Table 1, the highest percentage of eradication was observed in biofilm 
with added xanthorrhizol 1% (98.18%), followed by xanthorrhizol 
1.25% (97.67%), xanthorrhizol 0.75% (97.46%), xanthorrhizol 
1.5% (97.23%), and the lowest xanthorrhizol 0.5% (97.01%). Thus, 
by increasing the concentration of xanthorrhizol, did not result in 
increasing the percentage of eradication. The optimal xanthorrhizol 
concentration for eradicating the E. faecalis biofilm of clinical isolates 
was xanthorrhizol 1%. A post-hoc test was conducted to find out which 
groups had differences.

Table 2 shows a significant difference between the percentage 
of E. faecalis biofilm eradication of the xanthorrhizol 1% with 
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Table 1: Mean±SD and significance value (p value) of 2% CHX and various concentrations of XNT solution in eradicating Enterococcus 
faecalis clinical isolate biofilms

Groups n Percentage of biofilm eradication (%) Mean±S.D 95% CI p value

Lower bound Upper bound
0.5% XNT 4 97.01 (0.17) 96.75 97.28 0.001*
0.75% XNT 4 97.46 (0.26) 97.04 97.88
1% XNT 4 98.18 (0.42) 97.51 98.86
1.25% XNT 4 97.67 (0.48) 96.90 98.44
1.5% XNT 4 97.23 (0.19) 96.92 97.54
2% CHX 4 98.53 (0.32) 98.02 99.04
One-Way ANOVA Test: *Value of significance based on p<0.05. CHX: Chlorhexidine, XNT: Xanthorrhizol

Table 2: Significance value (p value) of difference in ability of 2% CHX and various concentrations of XNT solution in inhibiting 
Enterococcus faecalis clinical isolates biofilm

Materials testing 0.5% XNT 0.75% XNT 1% XNT 1.25% XNT 1.5% XNT CHX 2%
0.5% XNT 1.000 0.001* 0.146 1.000 0.000*
0.75% XNT 0.012* 1.000 1.000 0.000*
1% XNT 0.532 0.008* 1.000
1.25%XNT 1.000 0.018*
1.5 % XNT 0.000*
2% CHX
Bonferroni post-hoc test, *Value of significance based on p<0.05. CHX: Chlorhexidine, XNT: Xanthorrhizol

Table 3: Mean±SD and significance value (p value) of total 
colony growth after exposure of 2% CHX and various 

concentrations of XNT solutions against Enterococcus faecalis 
clinical isolates biofilms

Groups n Total colony 
Mean±S.D

95% CI p value

Lower 
bound

Upper 
bound

0.5% XNT 4 63.50 (11.03) 45.95 81.05 0.001*
0.75% XNT 4 50.25 (8.99) 35.94 64.56
1% XNT 4 22.00 (10.13) 5.87 38.12
1.25% XNT 4 60.50 (16.01) 35.02 85.97
1.5% XNT 4 82.25 (11.02) 64.70 99.79
2% CHX 4 11.50 (2.38) 7.71 15.28
One-Way ANOVA Test: *Value of significance based on p<0.05.  
CHX: Chlorhexidine, XNT: Xanthorrhizol

xanthorrhizol 0.5%, 0.75%, 1.25%, and 1.5%. However, no significant 
differences were noted between xanthorrhizol 1% and CHX 2%. 
Therefore, it can be concluded that there were no significant differences 
between the antibacterial ability of the xanthorrhizol 1% group and 
that of the CHX 2%. In contrast, there were significant differences 
between the antibacterial ability of the CHX 2% group and that of the 
xanthorrhizol 0.5%, 0.75%, 1.25%, and 1.5% groups. Based on these 
statistics, the antibacterial ability of xanthorrhizol 1% in eradicating 
E. faecalis biofilms was equivalent to that of the control (CHX 2%).

In this study, we used the MTT assay for analyzing the potential of 
the materials tested to inhibit E. faecalis when the bacterium grew 
as a biofilm. The inhibition effect was determined on the basis of the 
OD that was read using an ELISA reader with a wavelength of 490 nm. 
The value obtained was converted to an eradication percentage [17]. 
Table 1 shows that xanthorrhizol concentrations of 0.5%, 0.75%, 1%, 
1.25%, and 1.5% all have antibacterial effects on E. faecalis bacterial 
clinical isolates, but the optimum concentration to kill the bacterium 
is xanthorrhizol 1%. Table 2 shows a significant difference in the 
percentage of eradication of E. faecalis biofilms after the bacterium 
was exposed to xanthorrhizol 1%. By comparing xanthorrhizol 0.5%, 
0.75%, and 1.5%, we found a significant reducing effect with p<0.05. In 
contrast, the effect of xanthorrhizol 1% was not significantly different 
when compared with xanthorrhizol 1.25% (p>0.05). It can, therefore, 
be concluded that a high concentration of xanthorrhizol did not have an 
optimal effect on inhibiting E. faecalis biofilm in vitro.

Results from the MTT assay showed that the effectiveness of 
xanthorrhizol increased as the concentration increased. According to 
Maira (2017), an increase in the eradication ability of temulawak is 
directly proportional to an increase in the concentration of Curcuma 
extract. This is because biofilms have complex structures with an 
increased extracellular matrix, and a higher concentration of temulawak 
extract is required to penetrate the biofilm [18]. While at concentrations 
of 1.25% and 1.5%, there was a decrease in eradication ability. 
According to Lestari (2016), a high OD was assumed to occur because 
of the remnants of concentrated temulawak ethanol extract attached to 
the well wall. This affects the reduction of the MTT solution [19]. In this 
study, the concentrations of 1.25% and 1.5% decreased the percentage 
of eradication of the MTT assay results associated with the increase in 
the concentration of xanthorrhizol. More remnants were attached to the 
well wall, and this can affect the reduction of the MTT assay results.

Table 3 shows the results of antibacterial tests using the total plate 
count method. It can be concluded that overall, there were significant 
differences in the results of the xanthorrhizol colonization test against 
E. faecalis biofilms in the clinical isolates of test groups.

Table 3 shows that xanthorrhizol 0.5%, 0.75%, 1%, 1.25%, and 1.5% 
have antibacterial abilities. The highest isolates of E. faecalis colonies 
were found in the xanthorrhizol 1.5% group, with an average value of 
82.25 CFU/mL and the lowest was the xanthorrhizol 1% group, with a 
value of 22.00 CFU/mL. A post-hoc analysis was conducted to find out 
which groups have differences.

Table 4 shows a significant difference in the total colony growth 
between the 1% xanthorrhizol group and almost all groups of the 
test material, except the 2% CHX group. The significance value of the 
1% xanthorrhizol post-hoc test with 2% CHX was p=1000 (p≤0.05). It 
can be statistically concluded that the antibacterial ability of the 1% 
xanthorrhizol on E. faecalis clinical isolate biofilms is equivalent to that 
of CHX 2%. Therefore, antibacterial tests using both the MTT assay and 
total plate count showed similar results in this study.

Tables 1 and 3 reveal that the results of the E. faecalis biofilm eradication 
test with the MTT assay, and the results of the total plate count on 
xanthorrhizol 1%, showed optimal concentrations among other 
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xanthorrhizol groups, with an average eradication value of 98.18% and 
a colony count value of 22.00 CFU/mL. As noted in Table 4, there is a 
significant difference between the E. faecalis biofilm colony count value 
of 1% in the xanthorrhizol group, with nearly all groups of test material, 
except CHX 2%. Thus, the significance value of xanthorrhizol 1% and 
CHX 2% based on Tables 2 and 4 had no significant differences; therefore, 
it can be concluded that the antibacterial effect of xanthorrhizol 1% on 
E. faecalis biofilms clinical isolates was equivalent to that of CHX 2%.

The antibacterial mechanism of xanthorrhizol is determined by the 
substances that comprise xanthorrhizol, which are chains of phenols 
and hydrocarbons. Phenol compounds that contain hydroxyl (-OH) 
functional groups interact with bacterial cells through an adsorption 
process involving hydrogen bonds and can change the permeability of 
cell membranes. High levels of phenol penetration into cells can cause 
protein coagulation and lysis on cell membranes. The formation of 
hydrogen bonds between hydroxyl groups in phenol compounds with 
cell membrane proteins causes disruption to the permeability of the 
membrane. As such, the essential cell components exit the cell and 
cause bacterial death [20].

CONCLUSION

Xanthorrhizol can inhibit E. faecalis biofilms, with xanthorrhizol 
1% being the optimal concentration. In addition, the effect of herbal 
ingredients against E. faecalis biofilm was comparable with that shown 
by CHX 2%.
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