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ABSTRACT

Objective: This study investigated the effect of antibacterial activity from sarang semut fractions with three different solvents, i.e. nonpolar (n-hexane), 
semipolar (ethyl acetate), and polar (water), to determine the minimum inhibitory concentration (MIC) on Enterococcus faecalis cps2.

Methods: The fractions were extracted with a maceration method and a methanol solvent. The fractionation was performed with three groups 
of solvent to obtain the n-hexane, ethyl acetate, and water fractions. The active compound from the best fraction group was identified using a 
phytochemical test, gas chromatography-mass spectrophotometry, and thin-layer chromatography. Each fraction group was divided into five different 
concentrations, i.e. 20%, 40%, 60%, 80%, and 100% and was assessed against E. faecalis cps2 with an agar diffusion method. Chlorhexidine 2% was 
used as a positive control. The width of the inhibition zone was calculated.

Results: The ethyl acetate group had the biggest inhibition zone of 21 mm in diameter compared to n-hexane and water, which was 15 mm and 
19 mm in diameter, respectively. The MIC value of the fraction with a 20% concentration of ethyl acetate was significantly different (P < 0.05) from the 
n-hexane and water solvents in inhibiting the growth of E. faecalis cps2.

Conclusion: The ethyl acetate fraction of sarang semut had a greater inhibitory effect on E. faecalis cps2. In addition, the antibacterial activity of the 
fraction increased with an increase in concentration.

Keywords: Fraction, Sarang semut, n-hexane, Ethyl acetate, Water, Enterococcus faecalis, cps2, Minimum inhibitory concentration.

INTRODUCTION

Medicinal herbs were used as the primary health-care agents over 
many centuries before the dawn of modern medicine. Sarang semut 
(Myrmecodia pendans) is a plant from Indonesia that has been 
empirically demonstrated to cure various diseases such as heart disease, 
cancer, hemorrhoids, stomach ulcers, tuberculosis, rheumatism, stroke, 
kidney function disorders, and prostate gland problems. In addition, 
water-boiled sarang semut can also facilitate breast milk expression, 
can heal menstruation dysfunctions, and can overcome vaginal 
discharge problems in women [1]. Some researchers have suggested 
that sarang semut has anticancer activity against squamous cell-type 
cancer by inhibiting SP-C1, MCM-B2, and HeLa cancer cell proliferation. 
It is also said to have antibacterial activity against Escherichia coli. 
Sarang semut plant extracts can also inhibit xanthine oxidase enzyme 
activity in increasing uric acid production, which can cause joint pain 
and inflammation. Sarang semut plants contain antioxidants, namely, 
procyanidin B1, rosmarinic acid, and procyanidin polymer B1 [1-4]. In 
addition, sarang semut tubers contain bioactive compounds, mostly 
from the tannins and flavonoids possessing the ability to cure various 
diseases. In addition, it contains active compounds of alkaloids, 
terpenoids, and phenolics, which possesses antifungal, anticancer, and 
antibacterial bioactivities [5,6].

The choice of solvent is a very important factor because extracts of 
chemical compounds from plants can play a role in biological activity. 
Organic solvents and water facilitate the extraction of all compounds 
that were soluble in both organic solvent and water. The solvent effects 
are related to polarity, which is an organic reaction. The solvent acts 
as a medium to facilitate mixing, stabilizing the reactions that occur, 

regulating the temperature, and helping in the transfer of protons. The 
selection of the appropriate solvent is very helpful for the success of a 
reaction. There are three types of solvents, namely, nonpolar, semipolar, 
and polar [7-10].

One of the pathogenic bacteria that cause infection is Enterococcus 
faecalis, which is a normal flora in the digestive and urinary tract of 
women. It is also found in the oral cavity, where it is an opportunistic 
bacteria capable of forming biofilms [11]. E. faecalis in the oral cavity 
is found in the root canals of teeth, especially when there is a failure of 
endodontic treatment [12]. The virulence factors of E. faecalis include 
adhesin (aggregation substance, Esp/surface protein/Esp, collagen 
adhesion protein/Ace, and antigen A/EfaA), cytolysin and proteolytic 
enzymes (gelatinase and serine protease), and capsular polysaccharide 
(cps) [13]. E. faecalis has several types of capsules; one of them is based 
on the type of antigen in the polysaccharide capsule [14]. Polysaccharide 
capsules can also be used to identify E. faecalis genotypes by considering 
the type of capsule. E. faecalis polysaccharide capsules have 11 
different variations, namely, cpsA–cpsK. Only seven groups of E. faecalis 
capsules have been identified, i.e. cpsC, cpsD, cpsE, cpsG, cpsI, cpsJ, and 
cpsK [15]. Genetically, the synthesis of polysaccharide capsule operon 
coding and a polymorphism locus was found in the clinical isolates of 
E. faecalis [16-18]. E. faecalis cps2 is the major bacterial strain that has 
been implicated in root canal persistent intraradicular infection relative 
to cps1 and cps5 strains. E. faecalis cps2 is comparatively common in 
Indonesians who require root canal treatment [19].

Polysaccharide capsules act as important virulence factors expressed 
by bacteria. This is due to the polysaccharide capsule being able to 
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protect bacteria from the host’s immune system, which can make 
the infection persist longer. Bacterial strains that produce capsules 
are more resistant than bacteria that do not have capsules [14,20]. 
According to Pinheiro et al. (2012), the identification of E. faecalis 
from 22 root canals indicated that most E. faecalis bacteria do not have 
polysaccharide capsules; these are called genotype cps1. The remainder, 
however, express polysaccharide capsules; they are called genotypes 
cps2 and cps5 [15]. An antibacterial effect may be the result of an active 
compound, such as polyphenol, and its secondary metabolites, such as 
tannins and flavonoids, in sarang semut [21]. These compounds play an 
important role in antibacterial activities and also protect against toxins 
and free radicals [22,23]. In flavonoids, there are many antibacterial 
mechanisms that have been discovered. For example, flavonoids can 
interact with cell wall bacteria to damage the integrity of the cell wall 
structure and can cause cell death [22].

The success of root canal treatment requires the removal of irritants 
such as microorganisms, necrotic tissues, and microbial byproducts 
from the root canal system, and preventing reinfection is necessary [24]. 
This goal can be achieved using chemical and mechanical processes. 
Chemical solutions for irrigation play a central role in root canal 
treatment. One of the requirements for irrigation solutions is they 
need to have antimicrobial activity [25]. Synthetic medicine not only 
cure diseases but also have side effects in the human body [26]. Several 
irrigating solutions, such as chlorhexidine, have common side effects, 
which have a cytotoxic potential that can cause severe pain if they remain 
in the periapical tissues. Other problems include tooth discoloration, 
mouth ulcers, and allergic reactions [27]. The requirements for any 
medicine are it must be nontoxic, it must be effective, and it must have 
specificity, potency, and stability. Herbal medicine can be used to cure 
many ailments and can also reduce side effects [26].

There are many studies that have evaluated traditional irrigants, 
especially irrigants that can replace chlorhexidine. Hopefully, this study 
can identify a new irrigant solution that can be used in future root canal 
treatments and can also elucidate their advantages and limitations. 
In previous studies, different solvent extracts showed differential 
potency against the tested bacterial species [21]. This study aimed to 
determine the best solvent for the extraction of active compounds that 
are responsible for antibacterial effects. The effects of three solvents, 
namely, n-hexane (nonpolar), ethyl acetate (semipolar), and water 

(polar), of sarang semut tubers extract (Myrmecodia pendans) were 
tested to assess their efficacy in inhibiting the growth of E. faecalis cps2.

METHODS

The extract was made from sarang semut tubers obtained from the Papua 
region, and the fractions were extracted using a maceration method 
with the methanol solvent. The fractionation was performed using 
three groups of solvents (n-hexane, ethyl acetate, and water) to obtain 
the n-hexane, ethyl acetate, and water fractions. The concentrations of 
the extracts were 20%, 40%, 60%, 80%, and 100%. We used 100% to 
determine whether each concentration of the fraction was suitable for 
an antimicrobial assay. The extra solvent was evaporated with a rotary 
evaporator, and a final concentration of 250 mg/mL was achieved. The 
active compounds of the sarang semut fraction were analyzed with a 
phytochemical test, gas chromatography-mass spectrophotometry 
(GC-MS), and thin-layer chromatography (TLC).

E. faecalis cps2 bacteria were obtained from the University of Indonesia’s 
Oral Biology Laboratory of Faculty of Dentistry. E. faecalis cps2 was 
cultured into 35 mL of sterile brain heart infusion (BHI) broth (Sigma-
Aldrich; BCBT4222) and was incubated at 37°C for 24 h. Furthermore, 
according to the recommended standardization bacterial culture for 
a minimum inhibitory concentration (MIC) method, bacterial dilution 
was carried out to a 0.5 McFarland turbidity standard, which was 
calculated using a microplate reader.

A total of 37 g of BHI was dissolved into 1 L of distilled water and then 
poured into 50 Petri dishes and left to stand at room temperature. This 
was followed by storage in a refrigerator at a temperature of 4°C. A total 
of 100 µL of E. faecalis cps2 culture was inoculated on the surface of 
BHI agar using spreaders. The Petri dishes were then incubated for 24 
h at 37°C. Each plate containing the BHI agar medium was perforated 
6 times at different regions using a perforator.

The sarang semut plant extract was divided into three groups of fractions. 
The first fraction group was n-hexane, the second fraction group was 
ethyl acetate, and the third fraction group was water. Each sarang semut 
fraction group was divided into five different concentrations (20%, 
40%, 60%, 80%, and 100%). A total of 50 µL of each concentration was 
inserted into a well. Chlorhexidine digluconate (CHX) 2% was used as 
a positive control, and BHI was used as a negative control in this study. 

Table 1: The mean value and significance of the inhibitory zone (mm) in each solvent group

No Concentration (%) Inhibitory zone (mm) and type of solvent CHX 2% Sig.

n-hexane Ethyl acetate Water
1 100 15 21 19 0.001*
2 80 14 21 18
3 60 9 20 15
4 40 10 20 11
5 20 8 15 10
6 CHX 2 21
CHX: Chlorhexidine digluconate

Fig. 1: Gas chromatography-mass spectrophotometry chromatogram of the ethyl acetate fraction of sarang semut
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The experiment was repeated 2× (duplo) for each concentration. The 
plate was placed into an incubator at 37°C for 24 h. The experiments 
were performed by a single experimental unit and replicated per group 
in duplicate (duplo). The MIC was calculated by measuring the width 
of the inhibitory zone, which was seen as the area where there was no 
bacterial growth around the well.

RESULTS AND DISCUSSION

Results
The inhibitory zone diameter results of the sarang semut fractions showed 
that the ethyl acetate fraction had a larger inhibition zone diameter than 
the n-hexane and water fractions. The obtained data were analyzed using 
IBM devices SPSS version 20 by performing an ANOVA (Table 1).

The largest inhibitory zone belonged to the 100% ethyl acetate fraction 
(21  mm), while the smallest belonged to the 20% (8  mm) n-hexane 
fraction group. The ethyl acetate fractions had the largest inhibitory 
zones with CHX (21 mm) as compared to n-hexane and water fractions. 
The results of a statistical analysis using an ANOVA show that there were 
significant differences between the effects of three groups of fractions 
on the growth of E. faecalis cps2. The inhibitory zone of the ethyl acetate 
fraction showed more stable values between concentrations when 
compared to n-hexane and water fractions.

The screening test of the active compounds by phytochemical test, 
GC-MS, and TLC on the ethyl acetate fraction of sarang semut showed 
positive results of several active compounds.

Phytochemical components have been analyzed qualitatively, and they 
showed several percentages of the active compound saponin, tannin, 
phenolic, flavonoid, alkaloid, triterpenoid, and glycoside (Table 2).

The peak in the GC-MS chromatogram of the ethyl acetate fraction of 
sarang semut showed the presence of the secondary phytochemical 
compounds such as phenolic and fatty acid (Fig. 1).

Eleven peaks were obtained, and all the phytocomponents were 
identified and characterized (Table  1). The retention times (RTs) are 
in minutes. The components were grouped into the main classes: 
Flavonoid (60.05%), phenolic (20.17%), organic compound (11.39%), 
and fatty acid (9.38%) (Table 3). The peak area, RT, molecular formula, 
and molecular weight were used to confirm the phytochemical 
components of the fraction.

TLC, which is used for the separation of several compounds, was used to 
analyze the inside of the sarang semut fraction.

The solvent system was made from n-hexane-ethyl acetate 1:4 (v/v) and 
n-hexane-ethyl acetate 7:3 (v/v). H2SO4 spray was used to detect the 
spot chemical compound. The TLC plate with H2SO4 spray is colorless 
under daylight but is colored under ultraviolet (UV) light. The TLC after 
viewing under UV light and Rf value was calculated. The sarang semut 
fraction showed several spots of red, yellow, light blue, and dark brown 
color. Three spots of the yellow fraction 8–10 had Rf values of 0.40, 0.55, 
and 0.55, respectively. The dark brown fraction 11–13 had Rf values 
of 0.38 and 0.43 (Fig. 2). Columns 4–7 had red and light blue with Rf 
values of 0.30, 0.23, and 0.07 respectively (Fig. 3).

DISCUSSION

The polarity of a solvent greatly influences the solubility of a compound. 
The indicator of the solute is determined by the polarity of the solvent 
and the dielectric constant. These two things are related to each other. 
The value of solvents with solutes is the total solubility value. If the 
solubility value has almost the same value, then the compound will 
be easier to dissolve. The total solubility parameters include polar, 
nonpolar, and hydrogen bonds [28]. This study also used a method 
that searched for solvents according to the total solubility parameters 
based on the polarity of solvents, such as n-hexane (polar), ethyl acetate 
(semipolar), and water (polar).

The antibacterial activity of plants has been studied using different 
solvents. The findings showed that different solvents have various active 
compounds based on their phytochemical content and antibacterial 
effects. The water extract has the potential effect of inhibiting Bacillus 
subtilis and Staphylococcus aureus [29,30]. Ehsan et al. reported that 
methanol and ethanol extracts of Hopea parviflora Beddome had 
antibacterial activity against S. aureus [31]. Bakht et al. investigated the 
antibacterial activities of different solvents of ethyl acetate, butanol, 
n-hexane, and distilled water against seven bacterial and one fungal 
pathogen. From that result, ethyl acetate and butanol reduced the 
growth of Bacillus cereus [32]. Fatriadi et al. stated that the ethyl acetate 
fraction of sarang semut had antibacterial activity against Streptococcus 
sanguinis. Kurnia et al. investigated the ethyl acetate fraction of sarang 
semut toward Porphyromonas gingivalis [33,34].

Table 2: Phytochemical test of the ethyl acetate fraction of 
sarang semut

Fraction Compound Result
Ethyl acetate fraction of sarang semut Saponin +

Tannin +
Phenolic +
Flavonoid +
Alkaloid +
Triterpenoid +
Steroid −
Glycoside +

(+) contained; (−) not contained

Table 3: GC-MS analysis of the ethyl acetate fraction of sarang semut

No Retention time % concentration Name of the compound Molecular 
formula

Molecular 
weight (g/mol)

Natural 
compound

1 2.37 5.81 Formamide (CAS) methanamide CH3NO 45.04 Organic
2 2.843 1.91 2-Propanone (CAS) acetone C3H6O 58.08 Organic
3 10.84 1.35 2(5H)-FURANONE C4H4O2 84.07 Organic
4 13.487 1.69 Phenol, 2-methoxy- (CAS) guaiacol C7H8O2 124.14 Phenolic
5 15.083 60.05 Benzene, p-di-tert-butoxy- (CAS) 1,4-DI-TERT-

BUTOXYBENZENE
C14H22O2 190.32 Flavonoid 

phenolic
6 15.979 16.22 4-METHYLCATECHOL C7H8O2 124.13 Phenolic
7 16.408 2.28 Phenol, 2,6-dimethoxy- (CAS) 2,6-Dimethoxyphenol C8H10O3 154.16 Phenolic
8 17.991 2.32 1,6-ANHYDRO-BETA-D-GLUCOPYRANOSE 

(LEVOGLUCOSAN)
C6H10O5 162.14 Organic

9 20.317 3.74 Hexadecanoic acid (CAS) palmitic acid C16H32O2 256.43 Fatty acid
10 22.18 3.52 9-Octadecenoic acid (Z)- (CAS) oleic acid C18H34O2 282.47 Fatty acid
11 22.268 2.12 9-Octadecenoic acid (Z)-, ethyl ester (CAS) ethyl oleate C20H38O2 310.52 Fatty acid
GC-MS: Gas chromatography-mass spectrophotometry
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Sensitivity tests for E. faecalis cps2 bacteria were performed because 
these bacteria have capsules that possess higher resistance to antibiotics 
compared to bacteria that do not have capsules. The cps2 capsule type 
is the most common in endodontic cases of persistent infection in 
Indonesia [19]. The MIC method is used to examine the drug sensitivity 
of bacteria. The MIC method can be performed using an agar diffusion 
method using filter paper discs and wells. This diffusion method is a 
qualitative method that is simple, accurate, and reproducible [35,36].

Based on the results of this study, the mean inhibition zone values of 
the ethyl acetate group at all concentrations had the highest values, 
which were then followed by the water group, and the lowest was the 
n-hexane group (Table 1). The fraction using ethyl acetate had nontoxic, 
polar, non-hygroscopic, and volatile properties, which could dissolve 
compounds in sarang semut plant cell walls such as flavonoids [21,37]. 
Phenolic compounds can also damage the permeability of bacterial cell 
membranes by denaturing bacterial cell proteins, resulting in stunted 
cell growth or death [8]. Flavonoids in sarang semut plants can behave 
as antibiotics by interfering with the metabolic functions of viruses 
and bacteria. The mechanisms of antibacterial activity of flavonoid 
compounds include the inhibition of nucleic acid synthesis, disruption 
of bacterial cell membranes, and inhibition of bacterial cell energy 
formation [38]. Fig. 1 and Table 1 showed that a higher concentration 
of the sarang semut plant fraction meant there were higher inhibitory 
effects on the growth of E. faecalis cps2. This is caused by differences 
in the polarity of the solvent. Ethyl acetate is a polar solvent, and the 
main sarang semut plant fraction contains phenolic compounds. Polar 
solvents can dissolve phenolic compounds better than other solvents, 
resulting in higher levels of phenolic compounds in the fraction [39]. 

Therefore, compounds derived from natural ingredients are more 
easily dissolved in polar solvents.

Phytochemical analysis showed that the ethyl acetate fraction of sarang 
semut contains a mixture of active compounds, i.e.,  tannins, saponins, 
flavonoids, phenolics, triterpenoids, alkaloids, and glycoside (Table  2). 
According to Engida et al. (2013), sarang semut has phenolic and flavonoid 
compounds [21]. Many of the phytochemical compounds present in 
the entire sarang semut plant that was detected by GC-MS are shown in 
Table  3. The GC-MS analyses the eluted compound at different times to 
identify phytochemical compounds. Large compounds changing into small 
compounds give rise to visual peaks at different ratios, and the fingerprints 
of the detected compounds can be identified from the data library [40,41]. 
TLC was carried out using different types of solvent systems with varying 
polarity. TLCs are used to separate the secondary metabolites of plant 
extracts [37]. TLC profiling showed different Rf values. Different Rf values 
of the compound depend on their polarity, which can be useful for selecting 
particular solvents for further research [42]. These three different analyses 
have shown the presence of various phytochemical compounds in the ethyl 
acetate fraction of sarang semut.

The significance test of the n-hexane group showed that the n-hexane 
solvent was effective against E. faecalis cps2 at a concentration of 
80% because the n-hexane solvent is a nonpolar solvent. Non-polar 
solvents have greater difficulty attracting compounds, such as phenols. 
In the ethyl acetate group, it was shown that the sarang semut fraction 
at a concentration of 20% was effective in inhibiting the growth of E 
faecalis cps2 bacteria, whereas in the water solvent group, the effective 
concentration started at a concentration of 60%. This was due to the nature 
of each solvent type. Unlike water, ethyl acetate is a volatile and flammable 
solvent, in which the vaporization process does not need heating. This 
heating process that is required in water vaporization can be the cause of 
differences in the number of active antibacterial compounds in a sarang 
semut fraction, so the inhibitory zones obtained are also different. These 
results indicated that the ethyl acetate solvent in the sarang semut fraction 
has a stronger antibacterial activity against the growth of E. faecalis cps2. 
This was also supported by several studies showing that TLC analysis of 
several bioactive compounds dissolved in ethyl acetate solvent gave better 
results than n-hexane, acetone, ethanol, and water solvents [43,44].

CONCLUSION

Based on the results of this study, it can be concluded that among 
n-hexane, ethyl acetate, and water solvents, ethyl acetate is the best 
solvent for sarang semut plant fractions, because it has a more effective 
inhibitory effect on the growth of E. faecalis cps2. In addition, the 
antibacterial activity of the fraction increased with an increase in its 
concentration.
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Fig. 2: Thin-layer chromatography fingerprints of the sarang semut fractions 1–13, solvent system n-hexane-ethyl acetate 1:4 (v/v), (a) 
H2SO4 spray, (b) under ultraviolet (UV) light 365 nm, (c) under UV light 254 nm
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Fig. 3: Thin-layer chromatography fingerprint of the sarang semut 
fractions 1–7, solvent system n-hexane-ethyl acetate 7:3 (v/v), (a) 
H2SO4 spray, (b) under ultraviolet (UV) light 365 nm, (c) under UV 

light 254 nm
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