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Abstract

Background: Hand sanitizers generally contain alcohol. However, 
it can cause dry and irritated skin. Therefore, it is necessary to find 
antibacterial alternatives that are safe for the skin. One of the plants that 
has antibacterial activity is Terminalia mantaly (T. mantaly). This study 
aimed to investigate the antibacterial activity of ethanol extract and hand 
sanitizer gel of T. mantaly.
Methods: The antibacterial activity test against gram-positive 
(Staphylococcus aureus and Streptococcus pyogenes) and gram-negative 
bacteria (Escherichia coli and Shigella dysenteriae) was carried out 
using the liquid micro dilution method. The phytochemical tests were 
also performed. This study was conducted at the Chemistry Laboratory, 
Faculty of Sains and Informatics, Universitas Jenderal Achmad Yani, 
Cimahi, Indonesia from April to June 2022. 
Results: The ethanol extract of T. mantaly stem contained secondary 
metabolites of alkaloids, tannins, quinones, saponins, steroids, and 
flavonoids. The minimum inhibitory concentration (MIC) values of T. 
mantaly stem ethanol extract against Escherichia coli, Shigella dysenteriae, 
Staphylococcus aureus, Streptococcus pyogenes were 0.63%, 0.63%, 
0.16%, and 0.16%, whereas the hand sanitizer gel gave MIC values of 
0.63%; 0.31%; 0.16%; and 0.16% respectively. The minimum bactericidal 
concentration (MBC) values of T. mantaly stem ethanol extract and hand 
sanitizer gel had the same results, namely 2.50%, 0.16%, 1.25%, and 
1.25%. The physical stability of the hand sanitizer gel from the ethanol 
extract of T. mantaly stem met the physical stability standards of the gel.
Conclusion: The ethanol extract of the T. mantaly stems has stronger 
antibacterial activity against gram-positive bacteria than against gram- 
negative bacteria.
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Introduction

Infectious diseases are one of the types of 
diseases that most commonly affect Indonesian 
people. One of the causes of infectious disease 
is bacteria.1 To prevent infection, alcohol is 
generally used as an antiseptic. Currently, 
the most effective hand sanitizer products 
are alcohol-based formulations containing 
62–95% alcohol.2 However, excessive use 

of alcohol can cause dry and irritated skin. 
Therefore, it is necessary to use antibacterial 
ingredients that are safe for the skin. The use 
of natural ingredients derived from plants is 
an alternative solution today. One of the plants 
that has the potential to have antibacterial 
activity is ketapang (Terminalia).3

Ketapang kencana (Terminalia mantaly) 
is a versatile tree, and its wood is known to 
be durable, hard, strong, and suitable for 
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construction that requires strength such as 
bridges, boats, ships, floors, frames and doors 
as well as all useful parts of the plant such as 
roots, bark, leaves and flowers as a medicinal 
ingredient. Terminalia mantaly has a shady 
and beautiful heading so it is good to plant 
in the yard or in a roadside park.4 Terminalia 
mantaly has been known to have antifungal, 
antiplasmodial, and antibacterial effects.5–7 The 
leaves of Terminalia mantaly contain chemical 
compounds such as flavonoids, alkaloids, 
tannins, saponins, cyanogenic glycosides and 
phenols. Terminalia mantaly leaf extract water 
can kill gram-negative bacteria (Eschericia coli 
and Salmonella typhi), as well as gram-positive 
bacteria (Bacillus subtilis and Staphylococcus 
aureus).8 Previous research reported that 
the ethanolic extract of Ketapang Kencana 
leaves had better antibacterial activity 
than the aqueous extract against Eschericia 
coli and Staphylococcus aureus.9 The hydro 
ethanol extract of Terminalia mantaly is 
known to inhibit the growth of eight strains 
of enterobacteria, and it is predicted that the 
secondary metabolites in the polar extracts are 
antibacterial.10 However, study on Terminalia 
mantaly stem as an antibacterial is still limited.

Several studies have shown that the use 
of hand sanitizer is effective in inhibiting  
bacterial growth and has bactericidal activity.11 
Hand sanitizer in gel preparation is deemed 
more in demand than liquid preparation. 
This is due to several important desirable 
characteristics, such as fast absorption, soft 
and moist hand sensation, clean, non-sticky 
texture, and low odor.12 In addition, gel has 
the advantages of being easily washed off with 
water, high adhesion, cooling the skin, and 
good drug release.13 

The antibacterial activity on other strains 
needs to be studied, especially its activity 
on gram-positive bacteria. This study aimed 
to investigate the antibacterial activity of 
Terminalia mantaly stem ethanol extract. The 
development of this research can then be 
applied to produce hand sanitizer products in 
gel form made from natural ingredients which 
will be beneficial for community.

 
Methods

Stems of Terminalia mantaly (Combretaceae) 
were collected in 2020 from Kota Baru 
Parahyangan Regency, West Java, Indonesia.  
Voucher specimen number 137/11.CO2.2/
PL/2020 was identified at the College of 
Biological Sciences and Technology, Bandung 
Institute of Technology as Terminalia mantaly 

H. Perrier. Ethical approval was obtained from 
the research ethics commission of Universitas 
Jenderal Achmad Yani No.059/M/KEPK/2022. 

The chemicals used in the extraction 
process were technical solvents (redistilled) 
of n-hexane, ethyl acetate, and ethanol. Silica 
GF254 was used in thin layer chromatography 
(TLC) and H2SO4solution (10% in ethanol) as a 
stain-display reagent.

Stem samples (without bark) of Terminalia 
mantaly were dried at room temperature and 
crushed. Terminalia mantaly powder (5 kg) 
was macerated with 96% ethanol solvent for 
24 hours gradually with a sample and solvent 
ratio of 1:10 (3x24 hours) and 1:5 (3x24 
hours). Extraction was the withdrawal of the 
desired substance from the raw material using 
a selected solvent where the main substance 
was dissolved. The solvent used in extraction 
was selected based on its ability to dissolve 
the active substance maximally and minimize 
unwanted compounds.14 The macerate was 
filtered and then concentrated using a vacuum 
rotary evaporator. The concentrated extract 
was heated in an oven at 50˚C for 48 hours.

Phytochemical tests were carried out on 
the Terminalia mantaly ethanol extract to 
qualitatively determine the phytochemical 
constituents as a standard procedure.15 
The phytochemical constituents tested were 
alkaloids, flavonoids, quinones, tannins, 
steroids, and saponins.

Alkaloids were detected by mixing 1 gram 
of extract with 5 ml of dilute ammonia and 
then crushing in a mortar, then adding 20 ml 
of chloroform while continuing to crush. After 
filtering, the filtrate was put into a test tube 
and then 5 ml of 2N hydrochloric acid was 
added. The mixture was shaken vigorously 
until it forms 2 layers. The acid layer was 
separated and then divided into 3 parts. The 
first part was used as a blank. The second part 
was treated with 2–3 drops of Mayer reagent. 
Formation of white precipitate indicated 
the presence of alkaloids. The third part was 
treated with 2–3 drops of Dragendorf reagent, 
a red precipitate was formed, indicating the 
presence of alkaloids. 

The presence of flavonoids was done by 
heating 1 gram of extract in a water bath, then 
filtering. A total of 5 ml of filtrate was put into 
a test tube then magnesium powder and 1 
ml of 2N hydrochloric acid were added. The 
mixture was heated over a water bath, then 
filtered. After the resulting filtrate was orange, 
then put it in a test tube and added 5 ml of 
amyl alcohol. The mixture was then shaken 
vigorously and allowed to separate. The amyl 
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alcohol layer turned brownish red indicating 
that the extract contained flavonoids.

Meanwhile, quinones were detected by 
heating 1 gram of extract in a water bath, 
then filtering. The filtrate was treated with 
2–3 drops of KOH solution. The formation of a 
solid red precipitate indicated the presence of 
quinones. The presence of tannins was carried 
out by heating 1 gram of extract in water bath, 
then filtering. The filtrate was retested by 
adding 5 drops of 1% gelatin. The formation 
of a white precipitate indicated the presence 
of tannins. Steroids were detected by treating 
the extract with chloroform and filtering. The 
filtrate was treated with a few drops of acetic 
anhydride, boiled and allowed to cool. Sulfuric 
acid was added. The formation of a brown 
ring at the junction indicated the presence of 
phytosterols (steroids).

The extract was stored in a test tube above a 
water bath, then mixed with water and heated 
for a while, then filtered. After the extract had 
cooled, the filtrate was shaken vigorously for 
30 seconds. If the foam produced persisted 
for ten minutes, this indicated the presence of 
saponins.

Thin layer chromatography (TLC) analysis 
was also performed. The silica gel GF24 plate 
was prepared with dimensions of 5x3 cm and 
outlined 1 cm at the top and bottom using a 
pencil. At the bottom line of the plate, the 
diluted extract was smeared and put into a 
chamber containing the mobile phase which 
was a mixture of ethyl acetate solvent and 
n-hexane in a ratio of 3:7. Then the plate was 
observed under UV254 nm and UV365 nm lamps 
and sprayed with dilute H2SO4 stain reagent.

Minimum inhibitory concentration (MIC) 
was determined by preparing a 20% w/v 
extract solution with 10% dimethyl sulfoxide 
(DMSO) solvent and hand sanitizer gel with 
an extract concentration of 20% w/w. Into 
all wells, 100 µL Mueller’s hinton broth was 
added using a micropipette. Into well number 
2 lines 1–4, 100 µL of 10% DMSO solution 
was added. Into well number 3 rows 1–4, 100 
µL of 70% alcohol was added, and 100 µL of 
hand sanitizer gel without extract for rows 
5–8. Into well number 4, 100 µL of extract was 
inserted and then diluted using the spray pull 
technique into wells number 5 to number 12, 
the same thing was also done for the hand 
sanitizer gel with the hand sanitizer + extract 
sample. Test bacteria with standard of 0.5 
McFarland as much as 100 µL were inserted 
into holes number 2 to 12 in each row on the 
plate. The plate was then incubated in an oven 
at 37 ˚C for 24 hours. The specific MIC value 

for each of the 55 antibiotics was the lowest 
concentration of an antibiotic that could kill 
certain microbes.16 Each well in the plate was 
observed. If a precipitate appeared or the 
solution became cloudy, this indicated the 
growth of bacteria. The lowest concentration 
that was not overgrown with bacteria showed 
MIC. In this test, the liquid dilution method 
was used. For each concentration, the bacterial 
suspension was added to the media, whereas 
the solid dilution was mixed with agar media, 
then the bacteria were planted, incubated, and 
the concentration of antimicrobials that were 
able to inhibit or kill the test bacteria was 
observed.17

Minimum bactericidal concentration 
(MBC) was determined by preparing a petri 
dish containing Mueller’s hinton agar, then 
makeing a barrier at the bottom of the petri 
dish using a marker. The MBC results that were 
not overgrown with bacteria were scratched 
using a round tip loop into a petri dish using 
the zig-zag technique. Put the petri dish in the 
oven at 37˚C for 24 hours to incubate. After 24 
hours, bacterial growth was observed in the 
petri dish. The lowest concentration which 
was not overgrown with bacteria showed the 
minimum killing concentration. The higher the 
concentration of antibacterial substances given 
to the test bacteria, the higher the antibacterial 
power, meaning that the growth of the bacteria 
would be stunted if the concentration of 
antibacterial substances given was higher.18 

The procedure for determining the MIC and 
MIB was repeated 2 times.

Hand sanitizer gel was made by adding 
1 gram of carbopol 940 and 78.3 gram of 
distilled water into a container, then stirring 
using a mixer for 15 minutes, and leaving the 
solution  for 24 hours. After 24 hours, 5 gram 
of extract, 15 gram of propylene glycol, 0.18 
gram of methyl paraben, 0.02 gram of propyl 
paraben were put into a container containing 
carbopol 940 solution and stirred using a 
mixer for 5 minutes. After stirring, 0.5 gram of 
triethanolamine was added to the mixture and 
then stirred again until the solution thickened. 
Then the hand sanitizer gel was transferred 
into a bottle. 

The physical stability test of hand sanitizer 
gel was determined by examining pH, 
homogeneity, spreadability, and syneresis, then 
compared with standards. The hand sanitizer 
gel pH was measured by putting the gel into 
a beaker, then inserting the cathode into the 
pH meter. Homogeneity was determined by 
applying hand sanitizer gel to a transparent 
medium and then viewing the surface of the 

Evi Sovia et al.: Antibacterial Activity of Terminalia mantaly Stem Ethanol Extract as Hand Sanitizer Gel 



Althea Medical Journal. Volume 10, Number 4, December 2023

237

media to determine whether the hand sanitizer 
gel was homogeneous or not. Meanwhile, 
spreadability was measured by placing 1gram 
of hand sanitizer gel on a glass medium, then 
placing another glass medium on top. A load 
weighing 125 gram was placed on the glass 
medium for 1 minute. The diameter of the 
hand sanitizer gel distribution was measured. 
To determine syneresis, samples were stored 
for 21 days and visually observed every 7 days 
to determine whether there was separation or 
not.19 
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Figure 1 Thin Layer Chromatography (TLC) 
	    Results of T. mantaly Stem Ethanol 
	    Extract under UV365 nm Light

Results

The results of phytochemical screening of the 
ethanol extract of Terminalia mantaly stems 
showed that it contained alkaloids, saponins, 
tannins, quinones, steroids and flavonoids. The 
results of TLC testing for the ethanol extract 
of Terminalia mantaly stems showed the 
presence of flavonoid compounds as indicated 
by the presence of a yellow stains after being 
sprayed with dilute H2SO4 staining reagent, 
and the presence of luminescence under UV365 
nm light (Figure 1).

The results of MIC and MBC control showed 
that at 10% DMSO, the control media in the 
hand sanitizer section and control bacteria 
showed bacterial growth. In contrast,  control 
media in the extract section and hand sanitizer 
without extract did not show  bacterial growth 
(Table 1). 

The results showed that the MIC of 
Terminalia mantaly extract against gram-
positive bacteria (Staphylococcus aureus and 
Streptococcus pyogenes) and gram-negative 
bacteria (Escherichia coli) was the same as the 
MIC of hand sanitizer. Meanwhile, the MIC of 
hand sanitizer against Shigella dysenteriae was 
0.31%. The lowest MBC of Terminalia mantaly 
extract and hand sanitizer was found  in gram-
positive bacteria (Staphylococcus aureus), 

Table 1 Results of MIC and MBC Control 

Bacteria

Extract Hand sanitizer

Control 
Media

10% 
DMSO

70% 
Alcohol

Control 
Media

Control 
Bacteria

Hand 
Sanitizer 
without 
Extract

Escherichia coli
Staphylococcus aureus
Streptococcus pyogenes
Shigella dysenteriae

-
-
-
-

+
+
+
+

+
-
-
-

-
+
+
+

+
+
+
+

-
-
-
-

Note : (+) there is bacterial growth; (-) there is no bacterial growth, MIC= Minimum inhibitory concentration, MBC= 
Minimum bactericidal concentration, DMSO= Dimethyl sulfoxide

Table 2 Results of MIC and MBC Extract and Hand Sanitizer Gel 

Bacteria

MIC MBC

Extract 
(b/v)

Hand sanitizer 
+ Extract 

(w/w)
Extract 
(b/v)

Hand sanitizer 
+ Extract 

(w/w)
Escherichia coli
Staphylococcus aureus
Streptococcus pyogenes
Shigella dysenteriae

0.63%
0.16%
0.16%
0.63%

0.63%
0.16%
0.16%
0.31%

2.50%
0.16%
1.25%
1.25%

2.50%
0.16%
1.25%
1.25%

Note: MIC= Minimum inhibitory concentration, MBC= Minimum bactericidal concentration
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namely 0.16% (Table 2).
Table 3 showed the formulations used in 

manufacturing hand sanitizer gel. The most 
ingredient was triethanolamine (81.05 grams). 
The hand sanitizer gel produced from the 
ethanol extract of Terminalia mantaly stems 
was brown  and smells like tea leaves. 

The results of the physical test of the hand 
sanitizer gel included pH (5.89), homogeneity 
(homogeneous), syneresis (no separation), 
and spreadability (59.25) were in accordance 
with the physical stability standards of the gel 
(Table 4).

Discussion

Ethanol extracts from several Terminalia 
species are known to contain tannins, 
flavonoids, phenolic acids, triterpenes, 
triterpenoidal glycosides, lignans, and 
lignan derivatives. In addition, this genus 
has biological activities such as antidiabetic, 
antihyperlipidemic, antioxidant, antibacterial, 
antiviral, anti-inflammatory, anticancer, 
antiulcer, antiparasitic, hepatoprotective, 
and cardioprotective activities.20 Methanol 
extract of Terminalia mantaly stem bark 
has been identified as a potential anti-
yeast.7,21 Terminalia mantaly also showed 
antiplasmodial activity.22,23

The content of flavonoid compounds in the 
extract of Terminalia mantaly stems showed 
negative results in phytochemical screening. 
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Table 3 Formulation of Hand Sanitizer Gel 
Ingredients Weight (grams)

Extract 2.50
0.75

Carbopol 940
Propylene glycol
Methyl paraben
Propyl paraben
Triethanolamine

15.00
0.18
0.02
0.50

81.05

Table 4 Results of The Physical Stability of Hand Sanitizer Gel 
Test Results SNI Standard

pH 5.89 4.5–6.5
Homogeneity Homogeneous Homogeneous
Sinersis No separation No separation
Spreadability 59.25 mm 55.4–60.8 mm

Note: SNI= Standar Nasional Indonesia

However, in the TLC test, a yellow stain was 
obtained when diluted H2SO4 stain-seeking 
reagent was applied and lit at UV365, indicating 
the presence of flavonoid compounds. This 
could be due to the relatively small amount of 
content so  it does not show positive results 
during qualitative tests or phytochemical 
screening. The results of the secondary 
metabolites detected were in accordance 
with previous studies which stated that the 
Terminalia mantaly stem contained flavonoids, 
alkaloids, tannins, saponins, cyanogenic 
glycosides, and phenols.2,24 Several secondary 
metabolites of terpenoids, tannins, sterols, 
and phenols have been studied to have 
antibacterial activity.9

The control media in the hand sanitizer 
section has been contaminated with bacteria 
from the environment during work because 
the work is not carried out in laminar air 
flow. Hence, bacterial contamination from the 
air can occur. The 10% DMSO solution was 
overgrown with bacteria because the 10% 
DMSO solution did not have antibacterial 
activity. Seventy percent alcohol could not 
inhibit the growth of Escherichia coli bacteria 
because the concentration was diluted after 
being mixed with the media and  inoculum of 
the test bacteria, so that the bacteria could still 
grow. Hand sanitizer without extract can inhibit 
all test bacteria because the hand sanitizer 
contains several antibacterial ingredients such 
as methyl paraben and propyl paraben which 
function as preservatives. 

Bacteria are divided into two groups based 
on the type of gram, namely gram positive 
and negative bacteria. Examples of gram-
positive bacteria are Staphylococcus aureus 
and Streptococcus pyogenes, while Shigella 
dysenteriae and Escherichia coli are gram-
negative bacteria.25 Staphylococcus aureus and 
Streptococcus pyogenes can cause impetigo,26 
as well as digestive tract infections such as 
diarrhea caused by gram negative bacteria 
as Escherichia coli, and Shigella dysenteriae.27 

Staphylococcus aureus and Escherichia coli are 
two of the five major pathogens  responsible for 
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54.9% of deaths due to infectious diseases.28 
The results of the minimum inhibitory 

concentration show that the extract and 
the hand sanitizer containing the extract 
are able to inhibit all tested bacteria with 
different MIC. This extract has the highest 
MIC value against Escherichia coli, namely 
0.63% (63 mg/ml) and has the lowest MIC 
value against Staphylococcus aureus and 
Streptococcus pyogenes, namely 0.16% (1.6 
mg/ml). These results are in accordance with 
previous studies which stated that the MIC 
of Terminalia mantaly stems ethanol extract 
against Escherichia coli (0.3125 mg/ml) was 
higher compared to Staphylococcus aureus 
bacteria (0.078 mg/ml).3 This is because gram-
negative bacteria such as Escherichia coli have 
a layer of lipopolysaccharide which functions 
as a barrier to the entry of several substances 
including antimicrobial compounds, whereas 
gram-positive bacteria such as Staphylococcus 
aureus scantily have this layer.29

Differences in MIC value are caused 
by differences in test bacterial cultures, 
compound content in Terminalia mantaly 
stems and solvent during extraction. Previous 
study also proved differences in the MIC 
results of the aqueous extract of Terminalia 
mantaly leaves.7,9 The MIC of Ketapang kencana 
leaf water extract against Escherichia coli was 
0.625 mg/ml and 12.5 mg/ml.7,9 

The MIC of the hand sanitizer+extract 
against Shigella dysenteriae is lower than the 
MIC of the extract alone. This could be due to the 
preservative content in hand sanitizers which 
can inhibit the growth of Shigella dysenteriae 
at lower concentrations. For Escherichia coli, 
Staphylococcus aureus, and Streptococcus 
pyogenes bacteria, MIC hand sanitizer+extract 
is the same as the MIC extract, this is because 
during the dilution process using the spray pull 
method, the concentration of the preservative 
contained in the hand sanitizer is also diluted, 
so it is less helpful in inhibits bacterial growth.

The results of MBC extract and hand 
sanitizer+extract are different for each 
bacterium. The extract has the highest MBC 
value against Escherichia coli, namely 2.5% (25 
mg/ml) and has the lowest MBC value against 
Staphylococcus aureus 0.16% (1.6 mg/ml). The 
result of this study support previous research 
which stated that the MBC of ketapang kencana 
leaf water extract against Escherichia coli 
bacteria (25 mg/ml) was higher than against 
Staphylococcus aureus (6.25 mg/ml).9 

The pH test results of the hand sanitizer 
gel obtained pH=5.89, this shows that the pH 
of the hand sanitizer gel meets the Indonesian 

National Standards, namely between 4.5–6.5. 
Using products with a pH below or above this 
range can cause irritation to the skin. 

The homogeneity test is carried out to 
determine whether all the ingredients for 
making hand sanitizers have been mixed 
perfectly or not. A homogeneous gel, all the 
constituent ingredients can be dissolved and 
blended so that no ingredients form lumps. If 
there are still lumps of material, it is possible 
that the material has a different polarity or its 
solubility in the solvent used is small, so it is 
necessary to review the nature of the material 
and replace it with another material that is 
more suitable for use in the formulation. 

The results of the 21-day synergism test 
on the hand sanitizer gel showed that there 
was no separation of components in the 
hand sanitizer gel. This indicates that the 
hand sanitizer gel emulsion is stable because 
the constituent components can dissolve 
homogeneously. If there is a separation, 
it means that the formulation used is not 
appropriate and the constituent components 
must be reviewed to obtain a gel preparation 
with a stable emulsion.

The spreadability test results obtained were 
59.25 mm so it complies with the Indonesian 
National Standards, namely 55.4–60.8 mm.19 
The greater the spreadability of a product, 
the thinner the the product consistency. This 
dispersion is related to the viscosity of the 
product, the greater the spreadability, the 
smaller the viscosity.30

The limitation of the study is that the 
phytochemical content of the extract was 
not analysed quantitatively so it was less 
standardized. This study also did not examine 
the mechanism of action of the extract as an 
antibacterial agent.  

In conclusions, the ethanol extract of 
Terminalia mantaly stems contains alkaloids, 
saponins, tannins, quinones, steroids, and 
flavonoids. The ethanol extract of  Terminalia 
mantaly stem has stronger antibacterial 
activity against gram-positive bacteria than 
against gram-negative bacteria. The physical 
stability of the hand sanitizer gel meets the 
physical stability standards of the gel. The 
results of this study can be used as a basis 
for further research to determine the active 
compound and mechanism of action of 
Terminalia mantaly as an antibacterial.
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