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ABSTRACT

Background: Shigella dysenteriae continues to be a major health problem in Indonesia, which usually leads to death, due to diarrhoea and dysentery, 
predominantly in children below the age of 5. Bacterial invasion of the colonic epithelium leads to severe inflammation together with bacterial 
dissemination generates abscesses and ulcerations. Myrmecodia pendans, also locally known by indigenous Papuans as ant-nest is native to Southeast 
Asia. This tropical plant has proven to be rich in bioactive constituents and highly valued as an alternative choice for cancer/tumor treatments and an 
efficacious herbal drug to prevent and cure diarrhea. 

Objective: This research aimed to determine antibacterial activity of Ant-nest extract against S. dysenteriae and to determine its minimum inhibitory 
concentration (MIC) – minimum bactericidal concentration (MBC) range of concentration.

Methods: Ant-nest dried plant were obtained from Wamena, Papua. The extract was obtained by using maceration method with 70% ethanol 
as solvent. Antibacteria activity test were then performed by using perforated agar method with various extract concentration (10, 20, 40, and 
60% (g/mL)). MIC-MBC concentration determinated by using microdilution method.

Results: From 500.42 g dried plant we can obtain 77.47 g dry extract (15.48% rendement). Phytochemical screening result showed that the ethanol 
extracts of ant-nest contains metabolites such as alkaloids, flavonoids, tanins, saponins, and steroids/terpenoids. Largest inhibition zone was shown 
by 60% extract concentration with 1.74 ± 0.021 cm diameter. MIC – MBC concentrations lays in range of 14 – 16 % (w/v).

Conclusion: The results of the present investigation suggest that the extracts of the studied plants can be used as potential leads to discover new 
drugs to control some S. dysenteriae infections..
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INTRODUCTION

Bacilli-related dysentery was first demonstrated by Shiga during 1898, 
and subsequent research showed that four serogroups (species), 
Shigella dysenteriae, Shigella flexneri, Shigella boydii, and Shigella 
sonnei, were responsible for causing this disease [1]. The World Health 
Organization estimates Shigella to cause at least 80 million cases of 
bloody diarrhea and 700,000 deaths each year [2]. Almost all infections 
caused by Shigella occur in developing countries, and the majority of 
cases and deaths occur among children <5 years old. Diarrheal disease 
associated with Shigella also occurs among travelers and military 
forces. S. dysenteriae type 1 is rarely endemic but can cause disease with 
severe complications and is historically associated with devastating 
pandemics with high case fatality rates in all age groups, described for 
Central America, Central Africa, and Southeast Asia [3].

Shigella ability to invade host cells involves attachment and 
internalization controlled by a large plasmid which contains multigene 
virulence factors. The organisms penetrate through the colonic 
mucosa, invade, and multiply in the colonic epithelium. Bacterial cells 
preferentially attach and enter through Peyer’s patches by way of 
M-cells through membrane ruffling and macropinocytosis in a manner 
similar to Salmonella [4]. The bacteria also produce a very potent toxin 
(Shiga toxin) that adheres to small intestine receptors and blocks 
absorption of electrolytes, glucose, and amino acids from the lumen.

Myrmecodia pendans (a member of Myrmecophytes genus), which also 
locally known by indigenous Papuans as ant-nest plant, is a native plant 
that mostly grows in Southeast Asia region. Ant-nest has proven to be 
rich in bioactive constituents such as flavonoids, tocopherols, tannins, 

and essential oils. This plant is highly valued as an alternative choice for 
cancer/tumor treatments and an efficacious herbal drug to prevent and 
cure various illnesses include hemorrhoid, ulcer, allergy, gout, uric acid 
disorder, stroke, coronary heart, lung tuberculosis, rheumatism, and 
diarrhea [5]. Many researchers in pharmaceutical field strongly believe 
that the nutritional values as well as powerful in vitro anticancer, 
antibacterial, and antioxidant properties of ant-nest are sourced from 
flavonoid compounds [6].

The objective of this research was to test antimicrobial activity of ant-nest 
plant extract and found its effective concentration against S. dysenteriae. 
A series of microbiology-based procedure were performed during the 
research, including perforated agar method for antibacterial activity 
test and microdilution method for determining minimum inhibitory 
concentration (MIC) - minimum bactericidal concentration range.

MATERIALS AND METHODS

Chemicals and materials
The plant material used in this study was obtained from the stem tuber 
part of the plant. It is a traditional medicine plant from Wamena, Papua, 
Indonesia. Ethanol (Merck, Germany), ammonia (Merck, Germany), 
chloroform (Merck, Germany), hydrochloric acid (Merck, Germany), 
potassium iodide mercury (Merck, Germany), bismuth potassium 
iodide (Merck, Germany), magnesium (Merck, Germany), amyl alcohol 
(Merck, Germany), iron (III) chloride (Merck, Germany), gelatin 
solution (Merck), ether (Merck, Germany), 10% solution of vanillin 
in concentrated H2SO4, acetic acid anhydride in concentrated H2SO4, 
sodium hydroxide (Merck, Germany), distilled water, and dimethyl 
sulfoxide/dimethyl sulphoxide (DMSO) (Sigma Aldrich, Germany).
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Sample preparation
Ant-nest was washed with running tap water and then rinsed with 
distilled water to remove any adsorbed contaminant from the sample 
surface. The cleaned sample was chopped and dried, then, placed in an 
oven at 40°C for 12 hrs to remove any remaining moisture. The dried 
material was ground by a blender into smaller parts and were collected 
for extraction.

Extraction
Maceration is a method that commonly used for extraction of bioactive 
components from natural products. This extraction method was 
chosen for the first preliminary study because of its simplicity and 
manageability. Small parts of dried ant-plant were macerated with 
70% ethanol (1:20, w/v) at room temperature for 4 days and filtered 
through a Whatman no.1 filter paper. The extraction process was 
repeated until the last extract was colorless. Ethanol was then removed 
by using rotary evaporator at 68°C and water was removed by putting 
the crude extract on top of 40°C water bath for 24 hrs. The percentage 
of crude dry extract was determined as follows:

Yextract % =
Mextract

mfeed
×100( ) 









Where Y extract is the extraction yield, M extract is the crude extract 
mass (g), and m feed is the feed mass (g).

Phytochemicals screening
The crude ethanolic extracts of ant-plant were tested for the presence 
of alkaloids, steroids, tannins, saponins, and glycosides. The qualitative 
results are expressed as (+) for the presence and (-) for the absence of 
phytochemicals.

Test for alkaloids
Few mg (about 15 mg) of the extract was separately stirred with 1% HCl 
(6 ml) on a water bath for 5 minutes and filtered. These filtrates were 
divided into three equal parts.
a.	 Dragendorff ’s	 test:	To	one	portion	of	 the	 filtrate,	Dragendorff ’s	

reagent (Potassium bismuth iodide solution) (1 ml) was added; an 
orange-red precipitate shows the presence of alkaloids.

b.	 Mayer’s	 test:	 To	 one	 portion	 of	 the	 filtrate,	Mayer’s	 reagent	
(potassium mercuric iodide solution) (1 ml) was added. Formation 
of cream-colored precipitate gives an indication of the presence of 
alkaloids.

c. Wagner’s test: Potassium iodide (2 g) and iodine (1.27 g) were 
dissolved in distilled water (5 ml), and the solution was diluted to 
100 ml with distilled water. Few drops of this solution were added 
to	the	filtrate;	a	brown-colored	precipitate	indicates	the	presence	of	
alkaloids [7,8].

Tests for steroids and terpenoids
a. Salkowski test: The crude extract (about 100 mg) was separately 

shaken with chloroform (2 ml) followed by the addition of 
concentrated H2SO4 (2 ml) along the side of the test tube, a 
reddish-brown coloration of the interface indicates the presence of 
terpenoid [9].

b. Liebermann–Burchard test: Extract (100 mg) was shaken with 
chloroform in a test tube; few drops of acetic anhydride were added 
to the test tube and boiled in a water bath and rapidly cooled in 
iced water. Concentrated H2SO4 (2 ml) was added alongside the 
test tube. Formation of a brown ring at the junction of two layers 
and turning the upper layer to green show the presence of steroids 
while the formation of deep red color indicates the presence of 
triterpenoids [7].

Test for tannins
Ant-plant extract (0.5 g) was separately stirred with distilled water 
(10 ml) and then filtered. A few drops of 5% ferric chloride were then 

added. Black or blue-green coloration or precipitate was taken as 
positive result for the presence of tannins [10].

Test for saponins
Ant-plant extracts (0.5 g) were separately shaken with distilled water 
(10 ml) in a test tube. The formation of frothing, which persists 
on warming in a water bath for 5 minutes, shows the presence of 
saponins [10].

Tests for glycosides
a. Anthraquinone glycoside (Borntrager’s test): To the extract solution 

(1 ml), 5% H2SO4 (1 ml) was added. The mixture was boiled in a 
water	bath	and	then	filtered.	The	filtrate	was	then	shaken	with	equal	
volume of chloroform and kept to stand for 5 minutes. Then, lower 
layer of chloroform was shaken with half of its volume with dilute 
ammonia. The formation of rose pink to red color of the ammoniacal 
layer gives indication of anthraquinone glycosides [7].

b. Cardiac glycoside (Keller-Killiani test): Extract (0.5 g) was shaken 
with distilled water (5 ml). To this, glacial acetic acid (2 ml) containing 
a few drops of ferric chloride was added, followed byH2SO4 (1 ml) 
along the side of the test tube. The formation of the brown ring at 
the interface gives positive indication for cardiac glycoside, and a 
violet ring may appear below the brown ring [9].

Antibacterial activity
Test organisms
The in vitro antibacterial activity of ant-plant ethanolic extract was 
tested against pathogen S. dysenteriae.

Preparation of stock and working solutions
The ant-plant ethanolic extract stock solutions were prepared at a 
concentration of 50 mg/ml, respectively, in 100% (DMSO, Sigma-
Aldrich, Germany). The working solutions were prepared by diluting 
stock solutions in Mueller-Hinton broth.

Determination of MIC
The MIC was determined by broth microdilution method and as per 
the guidelines of Clinical and Laboratory Standards Institute (CLSI) 
(CLSI, 2006, M7-A7), with some modifications. Briefly, 200 µl of the 
test sample was added to the wells of Column 1. All the remaining wells 
from column 2 to column 10 initially received 100 µl of MHB. Then, 
two-fold serial dilutions were performed by transferring 100 µl from 
column 1 to column 2 and continued through column 10. 100 µl of the 
excess medium was discarded from the wells in column 10. All the wells 
from column 1 to 10 received further 100 µl of drug-free MHB, whereas 
both columns 11 and 12 received 200 µl of drug-free MHB. For the 
preparation of bacterial inocula, 24 hrs cultures were suspended in 5 ml 
of sterile normal saline. The turbidity of each bacterial suspension was 
adjusted to 0.5 McFarland standards (1.5×108 CFU/ml). The bacterial 
suspension was further diluted in MHB, and 50 µl of the same was 
added to each well of microtiter plate to obtain a required inoculum 
of 5×105 CFU/ml in the well. The final concentration of ant-plant 
ethanolic	extract	ranged	from	2.0	to	1000	μg/ml,	respectively.	Columns	
11 and 12 served as growth and media controls, respectively. The plates 
were then incubated at 37°C for 24 hrs and were visually read for the 
absence or presence of microbial growth. The MIC was considered as 
the lowest concentration of the sample which completely prevented the 
visible growth.

RESULTS AND DISCUSSION

Optimization of extraction condition
To obtain an efficient extraction of target compounds, optimization of 
experimental conditions is a critical step in developing an extraction 
method. During this study, extraction was performed to obtain 
secondary metabolites contained by dried ant-plant. Since the active 
compound of ant-plant that acts as antimicrobial agent has not been 
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discovered yet, the safest and simplest extraction method that can 
be used is maceration. By using maceration, we try to avoid the loss 
of thermolabile active compound that usually being degraded during 
heating process of extraction. After 4 days of extraction process using 
5 liters of 70% ethanol as solvent, from 500.42 g dried plant, we can 
obtain 77.47 g dried extract. The characteristic of the extract was red-
brownish powder and odorless.

Phytochemicals screening
The phytochemical screening of crude methanolic extracts of M. pendans 
L.M. Perry revealed the presence of some secondary metabolites such 
as alkaloids, steroids, flavonoid, saponins, and tannins as shown in 
Table 1.

The phytochemical compounds detected are known to have medicinal 
importance. For example, alkaloids have been reported as powerful 
poison, and many alkaloids derived from medicinal plants show 
biological activities such as anti-inflammatory [11], antimalarial [12], 
antimicrobial, cytotoxicity, antispasmodic, and pharmacological 
effects [13,14]. Similarly, steroids derived from plants are known to 
have cardiotonic effect and also possess antibacterial and insecticidal 
properties [15]. They are very often used in medicines due to their well-
known biological activities. Tannins, according to research, are known 
to have antibacterial [16], antitumor, and antiviral activities [17]. 
They work by precipitating microbial protein thus making nutritional 
protein unavailable for them. Other phytochemicals called cardiac 
glycosides have been used to treat congestive heart failure and cardiac 
arrhythmia [18]. Their mode of action starts by inhibiting Na+/K+ 
pump which then increases the level of calcium ion, so more Ca+ would 
be available for the contraction of heart muscles which recover cardiac 
output and reduce the distension of heart [10,19]. These phytochemical 
compounds identified in ethanolic extracts of ant-plant may be 
responsible for the biological activities shown by M. pendans L.M. Perry 
and the reason for their use as a traditional medicine by native Papuan.

Antibacterial activity
Preliminary antibacterial activity test was performed by doing agar 
diffusion method. This method uses ethanolic ant-nest extract with 
various concentration: 60, 40, 20, and 10% (w/v). Antibacterial 
activity of the extract is shown by the clear zone at about the hole in 
the test medium. The clear zone indicated that the ant-plant extract can 
inhibit S. dysenteriae growth as shown in Table 2. This test was only 
a qualitative test that only aim to identify the presence or absence of 
antibacterial activity.

Determination of MIC range was conducted by using various 
concentrations of ant-plant ethanolic extract: 20, 18, 16, 14, 12, 10, 
and 8% (w/v), as the result shown in Table 3. Since the extract has red 

brownish color, it is rather difficult to see the growth rate of S. dysenteriae 
by using naked eyes. Hence, it is necessary to do subculture from the 
microtiter plate into the surface of MHA to properly detect bacterial 
growth, as shown in Fig. 1.

The activity of plant extracts is considered as significant if MIC values 
are	below	100	µg/ml,	moderate	when	100<	MIC	≤625	µg/ml	or	weak	
when MIC >625 µg/ml. On the other hand, the activity of phytochemicals 
is	significant	if	MIC	<10	µg/ml,	moderate	if	1<	MIC	≤1	µg/ml,	and	low	or	
negligible when MIC >100 µg/ml [20]. Therefore, the activity recorded 
for the ethanolic ant-plant extract can be considered to be weak.

CONCLUSION

This work reports for the first time, the antibacterial activity of 
M. pendans L.M. Perry ethanolic extract against S. dysenteriae. The 
results of this study provide scientific basis for the traditional use of 
ant-plant against bacterial-administered diarrhea. The results of the 
present investigation suggest that the extracts of the studied plants 
can be used as potential leads to discover new drugs to control some 
S. dysenteriae infections.
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Table 1: Phytochemicals screening

Test Result
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Mayer’s test +
Wagner’s test +

Steroids/terpenoids
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