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ABSTRACT

Introduction: Enterococcus faecalis is often found in root canal infections and can cause failure in root 
canal treatment. Uncaria gambier is an herbal medicine that is known to be rich in polyphenol compounds 
that have antibacterial properties. Because of the polyphenol content and antibacterial properties of 
Uncaria gambier, it can be an alternative as an antibacterial solution for root canal treatment. The 
purpose of this study is to analyze the antimicrobial of various solvents combinations for phytochemical 
fraction derived from Uncaria gambier extract against Enterococcus faecalis (ATCC 29212). Methods: 
This study is descriptive explorative research Uncaria gambier was extracted using a combination of 
three different fractions, ethyl acetate-water, hexane-water and hexane-ethyl acetate. We determine 
the Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration (MBC) against 
Enterococcus faecalis  (ATCC 29212) using the serial microdilution method and by add test samples 
to the Mueller Hinton agar medium from each fraction Results: Combination Ethyl Acetate-water has 
MIC value at 0.195 mg/ml, combination Hexane-water at 0.049 mg/ml and combination Hexane- Ethyl 
Acetate have the MIC value at 1.563 mg/ml. The MBC value in combination Ethyl Acetate-water at 25 
mg/ml, combination Hexane-Ethyl Acetat and Hexane-water MBC value at 50 mg/ml and 100 mg/ml. 
Based on optical density measurement using ELISA Reader and bacterial growth on the media used, 
the fraction combinations increase the antibacterial effect of Uncaria gambier against E. faecalis ATCC 
29212. Conclusion: The combination of various Uncaria gambier  solvents has been shown to inhibit and 
kill E. faecalis (ATCC 29212). The combination of Ethyl Acetate-water fraction is the best combination to 
against E. faecalis (ATCC 29212). It means that the combination of various Uncaria gambier solvents can 
be developed as alternative root canal irrigation.

Keywords: Enterococcus faecalis; Uncaria gambier; fraction combination; MIC; MBC.

*Corresponding author: Gita Dwi Jiwanda Sovira, Biomedical Science Graduate Program, Faculty of Medicine Universitas 
Padjadjaran, Indonesia. 38, Jalan Professor Eyckman, Bandung, West Java, Indonesia, 40132. Phone: +62 811-6609-174; 
e-mail: gitasovira@gmail.com



33

 Antimicrobial properties of various solvents combinations for phytochemical fraction (Sovira et al.)

INTRODUCTION

Enterococcus faecalis is often found in root canal 
infections and can cause failure in root canal 
treatment. This bacterium is a persistent root canal 
microorganism.1,2,3 The prevalence of E. faecalis 
in root canal infection is 40% and varies from 24% 
to 77%.3,4 This is due to its ability to compete with 
other microorganisms and its ability to invade 
dentinal tubules, which can protect E. faecalis 
from chemo-mechanical root canal preparation, 
and intra-canal dressing techniques.2,5

Root canal irrigation plays an important 
role in reducing the amount of E. faecalis.2 One 
of the irrigation materials that are often used is 
chlorhexidine, but it has negative effects such as 
discoloration of the teeth and tongue, reduces 
the sensation of sweet, irritates the oral mucosa 
and causes dryness of the mouth.6 The irrigation 
material used must be able to get rid of bacteria 
and neutralize bacterial products without 
damaging the tissue. 

Therefore the most appropriate irrigation 
material is an irrigation material that has a 
high antibacterial effect, without damaging the 
tissues.6 One of them comes from herbs, it is called 
gambier. This is in accordance with the research 
by Noveri et al which showed that the extract 
and fraction of gambier leaves contain alkaloids, 
terpenoids, steroids, flavonoids, phenolics and 
saponins, where the flavonoids in uncariagambier 
have bactericidal properties that can kill bacteria 
by damaging bacterial cell membranes. and 
denatured bacterial cell proteins.7

Gambier (Uncariagambier Roxb.), is a 
medicinal plant that has long been known and 
used by Indonesian. Phytochemical components 
in gambier leaves are flavonoids, saponins, 
triterpenoids, tannins, and alkaloids, with the 
largest component being flavonoids.8 

One of the active ingredients of the gambier 
isolate is flavonoids, which can kill bacteria 
by damaging bacterial cell membranes and 
denaturing bacterial cell proteins.8 The ability of 
gambier in killing bacteria can inhibit E. faecalis, 
so gambier can be used as an irrigation agent in 
root canal treatment.9

Extraction and fractionation of herbs can 
separate polyphenol content in those plants.10,11 
This research will use methanol, hexane, water 

and ethyl acetate as a solvent to fractionate the 
polyphenols in gambier fruit. Fractionation can 
increase or decrease the biological activity of 
herbal extracts, depending on the interaction of 
the polyphenol content on the extract when used 
in combination.12 

The purpose of this study is to analyze the 
antimicrobial of various solvents combinations 
for phytochemical fraction derived from Uncaria 
gambier extract against Enterococcus faecalis 
(ATCC 29212).

METHODS

Bacterial Strain and Inoculum Preparation
The bacterial culture ofE. faecalis strain 
(American Type Culture Collection, ATCC 29212) 
was obtained from a chemical laboratory, Faculty 
of Chemistry, Universitas Padjadjaran. For the 
inoculum preparation, one inoculating loop of 
bacteria was grown in liquid Brain Heart Infusion 
(BHI) and incubated at 37°C for 24 hours under 
anaerobic condition using the anaerobic jar. The 
bacteria suspension was then diluted until it 
reached the standard of 0.5 McFarland standard 
(0.5 x 108 CFU/ml).

Preparation of Extracts and Fraction of Uncaria 
Gambier Roxb
A total of 1250.6 grams of gambier fruit obtained 
from West Sumatra were cut into small pieces 
and extracted by the maceration method with 
methanol as a solvent for 3x24 hours. The mixture 
is then filtered using filter paper and evaporated 
with an evaporator until all the solvents are gone. 
After the drying process is complete, the gambier 
flavonoid extract powder will be obtained. Then 
partitioned with hexane, ethyl acetate, and water 
to get each fraction.

Phytochemicals Screening 
The crude methanolic extracts and fraction of 
UncariaGambier Roxb were screened for the 
presence of phytochemical compound according 
to the procedure described by Harbone.13 
Phytochemical reagent added to the extract 
and fraction solution. The qualitative results 
are expressed as (+) for the presence of a 
phytochemical compounds and (-) for the absence 
of a phytochemical compounds.
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Determination of the Minimum Inhibitory 
Concentration (MIC)
The combinations between gambier fruit fractions 
to be tested were divided into three groups, group 
1 is a combination of n-hexane and ethyl acetate 
fractions, group 2 is a combination of n-hexane 
and water fractions, and group 3 is a combination 
of ethyl acetate and water fractions. Each fraction 
is combined with a concentration ratio of 1:1. The 
positive control used was gambier fruit methanol 
extract and chlorhexidine solution, while the 
blank of bacterial culture media was used as a 
negative control. Antibacterial test to obtain the 
MIC value from the combination between gambier 
fruit fractions against E. faecalis was obtained 
using a microdilution method then measured 
turbidity or optical density using the ELISA Reader, 
referring to the procedure described by Eloff with 
a slight modification. 

The procedure is carried out with replication 
twice.Then the result was calculated using the 
comparison formula from the distribution of the 
sample OD (sample + media + bacteria), OD blank 
sample (sample + media) The Minimum Inhibitory 
Concentration is taken as the lowest concentration 
of the sample solution that can inhibit bacterial 
growth characterized by the beginning of clarity 
in the sample solution and bacteria.

Determination of the minimum bactericidal 
concentration (MBC)
The Minimum Bactericidal Concentration is taken 
as the lowest concentration of the sample solution 
that can kill 100% of bacteria grown on Mueller 
Hinton agar plates at a concentration after 

the MIC. A total of 100 μl of media suspension, 
samples and bacteria from the MIC concentration, 
two concentrations above the MIC and two 
concentrations below the MIC were poured over 
the media so that the Mueller Hinton was in the 
middle. Then the suspension is spread evenly over 
the surface of the media using a spreader. Then 
incubated for 24 hours at 37°C, in an anaerobic 
atmosphere using an anaerobic jar. After 24 hours, 
removed and observed the presence or absence 
of bacterial growth on the surface of the Mueller 
Hinton agar plate. MBC concentration value is 
determined from the concentration of no bacterial 
growth in the media.

RESULTS

Extract and Fractionation
Gambier fruit totaling 1250.6 g was obtained from 
West Sumatra. Samples obtained macerated then 
obtained gambier fruit methanol extract as much 
as 269.6 g. The methanol extract was fractionated 
with water, hexane and ethyl acetate. Each 
obtained a water fraction of 10.3215 g, a hexane 
fraction of 3.2154 g and an ethyl acetate fraction 
of 161.1574 g.

Phytochemical screening
Phytochemical screening results show that Uncar-
iagambier extracts and fractions contain bioac-
tive substances in the form of flavonoids, triter-
penoids, steroids, tannins, saponins and alkaloids. 
Each extract and fraction of Uncariagambier con-
tains different bioactive ingredients, as shown in 
table 1.

Table 1. Phytochemical test results of Gambir fruit

No Secondary Metabolites Test Method13
Test Results in Faction

Water Hexane Ethyl Acetate Metanol

1 Flavonoid Mg+HCl concentrated + - + +

2 Triterpenoid Lieberman-burchard - + + +

3 Steroid Lieberman-burchard - + - -

4 Tanin FeCl3 1% + - + +

5 Saponin Water + HCl + - + +

6 Alkaloid Dragendorff reagents  + -  + + 

From table 1, it can be seen that each 
fraction draws different polyphenol contents, 
which correspond to their polarity. Ethyl acetate 
fraction most interesting polyphenol compounds 

in gambier fruit. While the steroid content in 
gambier fruit is only obtained from the hexane 
fraction. This shows that when a combination of 
fractions is carried out, the polyphenol content 



35

 Antimicrobial properties of various solvents combinations for phytochemical fraction (Sovira et al.)

of herbal plants obtained will be more diverse.7 

Determination of MIC and MBC ValuesAntibacterial 
test to obtain the MIC value from a combination 
of gambier fruit fractions against E. faecalis was 

obtained using the microdilution method then 
measured turbidity or optical density using the 
ELISA Reader, referring to the procedure described 
by Eloff with slight modifications.14 

Table 2. MIC percentage of Uncaria gambier fraction combination against E. faecalis
No Concentration (mg/ml) EA HA HE Chx

1 100.00 3.10% 6.45% 3.23% 1.61%

2 50.00 3.45% 12.28% 6.14% 3.07%

3 25.00 3.50% 17.50% 8.75% 4.38%

4 12.50 9.15% 13.98% 6.99% 3.49%

5 6.250 10.85% 17.28% 8.64% 4.32%

6 3.125 3.55% 15.13% 7.56% 3.78%

7 1.563 3.40% 15.45% 7.73% 3.86%

8 0.781 3.55% 15.08% 7.54% 3.77%

9 0.390 3.40% 16.15% 8.08% 4.04%

10 0.195 3.40% 15.25% 7.63% 3.81%

11 0.098 3.40% 16.45% 8.23% 4.11%

12 0.049 3.35% 13.83% 6.91% 3.46%
EA: combination of Ethyl Acetate and Water fractions, HA: Hexane and Water, 
HE: Hexane and Ethyl Acetate, Chx: Chlorhexidine

The results can be seen in table 2. The table 
above, the MIC value of the combination of the EA 
Uncaria gambier fraction against E. faecalis is at 
a concentration of 0.195 mg/ml. 

Whereas the combination of HA Uncaria 
gambier fraction is 0.049 mg/ml, and the 
combination of HE Uncaria gambier fraction 

is also found at a concentration of 1.563 mg/
ml. Minimum bactericidal concentration (MBC) 
is seen by observing the presence or absence of 
bacterial growth on the surface of agar plates. 
MBC concentration values are determined from 
the concentration of no bacterial growth in the 
media.

EA HE HA Chx

A

25 mg/ml 50 mg/ml 100 mg/ml 12.5 mg/ml

B

 

12.5 mg/ml 12.5 mg/ml 50 mg/ml 3.125 mg/ml

Fgure 1, the lowest MBC value was 
found in a combination of EA fraction at 25 mg/
ml, followed by the combination of HE fraction 

at 50 mg/ml, and combination of HA fraction at 
100 mg/ml. However, chlorhexidine still has the 
lowest MBC value at 12.5 mg/ml.

Figure 1. MBC values   were obtained from subcultures from microtiter plates to the surface of Mueller Hinton agar medium. A. 
Clean microtiter plates. There is no bacteries on the surface. B. Bacteries on the surface of microtiter plates
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DISCUSSION

The main chemical component in Uncaria gambier 
is a group of flavonoid compounds.15 Flavonoids 
function as antibacterial by forming complex 
compounds against extracellular proteins that 
disrupt the integrity of bacterial cell membranes 
and denaturing bacterial cells.8,16,17 The 
phytochemical test of gambier fruit can be seen 
in table 1. Phytochemical test results showed that 
the methanol extract of gambier fruit contained 
Flavonoids, Triterpenoids, tannins, saponins, and 
alkaloids. Gambier fruit water fraction contains 
flavonoids, tannins, saponins, and alkaloids. 
The hexane fraction of gambier fruit contains 
triterpenoids and alkaloids. While the gambier 
fruit ethyl acetate fraction contains flavonoids, 
triterpenoids, tannins, saponins, and alkaloids. 
The results of this bioactive compound content 
are supported by previous research which states 
that the bioactive compounds contained in 
gambier fruit have antibacterial and antioxidant 
properties.15,1820

Crude extracts contain complex mixtures 
of several bioactive compounds with different 
solubility properties, which selectively dissolve 
in the appropriate solvent. This follows the 
principle of solubility, "like dissolves like", which 
are compounds with the same polarity will be 
dissolved from each other.21In this study, bioactive 
compounds from gambier fruit methanol extracts 
are separated according to their solubility through 
the fractionation process using hexane (nonpolar) 
solvents. ,ethyl acetate (semi-polar) and water 
(polar). Fractionation can separate bioactive 
compounds from extracts, increase purity and 
their activity.

The type of solvent for extraction and 
its polarity properties greatly influence the 
concentration of polyphenol compounds obtained. 
The polarity of polyphenol compounds ranges from 
polar to non-polar, optimal extraction is usually 
obtained in polar solvents which have better 
solvation efficiency as a result of interactions 
(hydrogen bonds) between polar points of 
antioxidant compounds and solvents from nonpolar 
ones.10,11 Extracts from plants are a mixture of 
different polyphenol compounds, these compounds 
will be selectively dissolved in the solvent 
according to their polarity. Fractionation is used to 

separate bioactive compounds from extracts and 
increase their purity. Fractionation of this extract 
will increase the potential biological activity of 
plants. The type of solvent used in fractionation 
will also affect the polyphenol content obtained 
and the biological activity of the plant.10,11 This 
study proved that fractionation has separated 
gambier fruit bioactive compounds according to 
their polarity. Water (polarity index 9.0) which has 
polar properties can dissolve flavonoids, tannin 
saponins, and alkaloids. Ethyl acetate (polarity 
index 4.4) which has semi-polar properties can 
dissolve most bioactive compounds, namely 
flavonoids, triterpenoids, tannins, saponins, and 
alkaloids. Whereas hexane (polarity index 0.0) only 
dissolves the active compounds triterpenoids and 
steroids. The difference in polarity of the solvent 
determines the different types and composition 
of phytochemical compounds. Solvents can 
also affect the antimicrobial activity of herbal 
plants.22,23

The chemical ingredients in gambier that
are most widely used are catechins and tannins. 
Catechins are oligomeric procyanidin (OPC) tannin 
compounds classified as flavonoids. Flavonoids 
function as antibacterial by forming complex 
compounds against extracellular proteins that 
interfere with the integrity of bacterial cell 
membranes and denaturing bacterial cells.8,19 

Flavonoids are polar, making it easier 
to penetrate the peptidoglycan layer which is 
also polar in gram-positive bacteria than in the 
nonpolar lipid layer in gram-negative bacteria. 
In addition, gram-positive cell walls containing 
polysaccharides (teichoic acids) are water-
soluble polymers. This solubility indicates that 
the gram-positive cell wall is more polar. The 
inhibitory activity of antibacterial compounds in 
gambier against gram-positive bacteria causes 
the disruption of the function of the cell wall as a 
giver of cell shape and protects cells from osmotic 
lysis. Disruption of cell walls will cause cell lysis.8

Results of the study shows it can be seen 
that the combination of gambier fruit fractions 
has the ability to inhibit the growth of E. faecalis 
at different concentrations. The combination of 
10% Water-Ethyl Acetate fraction can inhibit the 
growth of E. faecalis at a concentration of 0.195 
mg/ml. Combination of 10% Water-Hexane fraction 
at a concentration of 0.049 mg/ml. While the 
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combination of 10% Ethyl Acetate-Hexane fraction 
at a concentration of 1.563 mg/ml. This result is 
influenced by the content of bioactive compounds 
found in each solvent.23 The polarity of the solvent 
plays an important role in increasing the solubility 
of the bioactive compound.10,11,24,25 The difference 
in the polarity of the solvent determines the 
difference in the type and composition of the 
phytochemical compounds. Solvents can also 
affect the antimicrobial activity of herbal plants. 
Different solvents will have different antibacterial 
effects.11,22,25,26

The killing power of each fractions 
combination against E. faecalis also has different 
values. MBC combination of 10% Water-Ethyl 
Acetate fraction is at a concentration of 2.5%. 
MBC combination of 10% Ethyl Acetate-Hexane 
fraction is present at a concentration of 5%. While 
the MBC combination of 10% Air-Hexane fraction 
is found at 10%. However, the MIC and MBC values   
of each fraction combination were still above the 
chlorhexidine MIC and MBC values ofE. faecalis. 
The chlorhexidine MIC value of E. faecalis was 
at 0.625% while the value of MBC chlorhexidine 
against E. faecalis at 1.25%. Nevertheless the 
combination of gambier fruit fractions can still be 
used as a root canal irrigation material because of 
its ability to inhibit and kill E. faecalis.

The results of this study were also supported 
by several previous studies that showed gambier 
leaf crude extract at a concentration of 100% can 
inhibit the growth of E. coli.8 In the Salmonella 
typhimurium and Staphylococcus aureus ATCC 
29213 test bacteria, the concentration of gambier 
leaf rough extract was able to inhibit each its 
growth until 90% and 100%.8 Previous research 
by santoso et all. stated that 6% gambier extract 
was able to kill 100% of S. mutans.27 Research by 
Amos reported that at a concentration of 24% 
mouthwash containing gambier had antibacterial 
activity.17 Lucida et al, mentioned that toothpaste 
containing 7% gambier extract has optimal 
antimicrobial power in inhibiting the growth of S. 
mutans as a cause of dental plaque formation.28

CONCLUSION

The combination of various Uncaria gambier  
solvents has been shown to inhibit and kill E. 
faecalis (ATCC 29212). The combination of Ethyl 

Acetate-water fraction is the best combination 
to against E. faecalis (ATCC 29212). It means 
that the combination of various Uncaria gambier 
solvents can be developed as alternative root 
canal irrigation.
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