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Introduction

Plants produce various chemicals with valuable pharmacological
properties. The growing demand for plant-based products in
medicine and industry has resulted in extensive investigations
of various plants for potential therapeutic agents. Species mostly
deemed as noxious weeds or ornamental garden plants have also
become targets of systemic pharmacognostic research. Costus

speciosus is an ornamental plant that has gained much popularity
because of its potent anti-diabetic effect.

Costus speciosus (J. Koenig) Sm., also known as Cheilocostus

speciosus (J. König) C. Specht, or Hellenia speciosa (J. Koenig),
belongs to the family Costaceae, under the order Zingiberales1.
The plant is indigenous to large parts of South-East Asia, and
the species is mainly grown as an ornamental plant in Bangladesh.

C. speciosus demonstrates a variety of pharmacological activities,
such as anti-diabetic, antibacterial, antifungal, antioxidant, anti-
hyperglycemic, anti-inflammatory, anti-pyretic, anti-diuretic, anti-
stress effects etc2. In some nations, the plant’s rhizome is eaten
as a vegetable, while its blooms and leaves are used to make
drinks3. Its rhizome is administered to patients with diabetes,
pneumonia, constipation, skin disorders, fever, asthma, bronchitis,
inflammation, anemia, rheumatism, dropsy, cough, urinary
diseases, jaundice, and several other illnesses in Ayurveda and
traditional medicine of other nations1-5.

Modern scientific research has confirmed many of these medicinal
properties, which are attributable to various bioactive compounds
in the plant. The rhizome of this plant is a rich source of diosgenin,

a compound with proven anti-diabetic6, 7 antimicrobial8, anti-
cancer9,10, nephroprotective11, and anti-hyperlipidemic12

properties. Other medically important constituents of this plant
include: tigogenin, costunolide, costusoside, eremanthin, dioscin,
zingibernsis newsaponin, and gracillin13.

Several studies have shown that the phytochemical composition
and ultimately the bioactivities of the plant extracts depend on
the plant part used (e.g. rhizome, roots, seeds, leaves, flowers)14,
extract preparation method15,16, solvents used in extraction17-19,
soil nutrients20, harvesting season21, chemotypes22, and genetic
variations (cytotypes)23.

Multiple ethnomedical studies have supported the use of C.

speciosus in traditional Bangladeshi medicines24, and numerous
investigations have also been conducted on the plant extract’s
phytochemical makeup and biological effects. One study analyzed
the polyphenol contents and examined the antioxidant, analgesic
and diuretic properties of the methanol extract of C. speciosus

rhizome25. Another study showed that the plant rhizome methanol
extract possesses CNS depressant, anxiolytic and antidepressant-
like activities26. In a study, ethanol extract of the plant rhizome
was shown to have anti-inflammatory and analgesic activity in
mice and rat models27. This study also verified that the extract
contains steroids, flavonoids, tannins, and saponins. In addition,
a research group found that the methanol extract of the rhizome
of C. speciosus had effective free radical scavenging, nitric oxide
scavenging and cytotoxic activity28. Another investigation
revealed the analgesic and anti-inflammatory properties of the
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plant leaves’ methanol extract29. In another study, the methanol
extract of C. speciosus seeds was discovered to be an effective
anti-inflammatory agent30. Likewise, the methanol extract of the
plant flowers was found to exert anxiolytic activity on mouse
models31.

Based on the findings from the above studies, it can be seen that
mostly the methanol extract of C. speciosus, especially the extract
of the rhizome, was used for phytochemical and bioactivity-based
research in Bangladesh. Moreover, the bioactivity-based studies
were concentrated on the anti-inflammatory, antioxidant, analgesic
and anti-pyretic effects of the extracts. Hence, the objective of
the present study was to precisely evaluate the antimicrobial
effects of ethanol and ethyl acetate-based extracts of C. speciosus

leaf and stem of a locally grown variety.

Materials and Methods

Sample collection and processing: Whole plant samples (leaves
and stems) were collected from the Mir Mosharraf Hossain Hall
premises of Jahangirnagar University. The total weight of the
samples was about 10kg. Young leaves and stems were
separated (about 7 kg). The samples were rinsed with cold tap
water, followed by distilled water for 2-3 times. Then the samples
were left to air-dry for 7 days. Leaves and stems were powdered
and stored at 4°C.

Extract preparation: C. speciosus samples were divided into
leaves and stems. Extracts from the dried leaves and stems of
the samples were prepared in 95% ethanol and 95% ethyl acetate
(50g of each in 500 ml solvent, in 2 phases; samples soaked in
solvent for 72 hours in each phase). All steps are illustrated in
figure 1, as described in our previous paper (Hossain et al.,

2019).

Phytochemical assays: Standard phytochemical assays
(Wagner’s test for alkaloids, Salkowaski’s test for steroidal
compounds, froth test for saponins, lead acetate test for tannins,
test for flavonoids and phenolic compounds, Killer-Killani test
for glycosides) were being carried out to determine the
composition of the various extracts32.

Antimicrobial assay: Antimicrobial effect of the extracts were
tested using the standard bi-layer well diffusion assay, against
the following Gram positive microorganisms; Bacillus subtilis,

Streptococcus pneumoniae, Staphylococcus aureus, and also
Gram negetive bacteria, e.g. Klebsiella pneumoniae, Salmonella

typhi, Pseudomonas aeuroginosa and compared with standard
antibiotic Ciprofloxacin. Then, the extracts were tested against
the microorganisms using thin-layer chromatography (T.L.C.)-
based bioautography assay33. The assays were performed three
times for each sample.

Fig. 1: Plant sample preparation and extraction (adopted from Hossain et al., 2019)
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Results

The weight of the final dried, powdered samples are listed below.
The powdered samples were stored at 4ÚC while the ethanol and
ethyl acetate extracts were stored at -10ÚC for further use.

Table 1. Weight of samples obtained

Weight Leaves Stem

Wet weight 4700g 2000g
Dry weight 365g 128g
Powder weight 297g 114g

Phytochemicals assay results: Numerous phytochemicals, which
are typically found in plants, were examined in the extracts. The
presence or absence of alkaloids, steroidal chemicals, phenolic
compounds, flavonoids, saponins, tannins, glycosides, and
cardiac glycosides was examined in the crude extracts.  A summary
of phytochemical test results is given in Table 2.

Table 2: Summary of phytochemical analysis results for the extracts

Test  CSL-H  CSS-H  CSL-C  CSS-C 

Hager’s test (Alkaloids) + + + +
Wagner’s test (Alkaloids) + + + +
Dragendraff’s test (Alkaloids) + + + +
Salkowaski’s test (Steroids) + + + -
Froth test (Saponins) - - - -
Flavonoids test  - + - -
Lead acetate test (Tannins) - + - -
Phenolic compounds test  + + - -
Glycosides test  + + - -
Cardiac glycosides test  + + - -

Note: (+) = Presence of Phytochemicals; (-) = Absence of

Phytochemicals; CSL-H = C. speciosus leaves, Ethanol extract,

CSS-H = C. speciosus stem, Ethanol extract, CSL-C = C.

speciosus leaves, Ethyl acetate extract, CSS-C = C. speciosus

stem, Ethyl acetate extract

Antimicrobial assay results

The antimicrobial efficacy of the four extracts was tested against
both Gram positive  and Gram negative bacteria. The extracts
showed no activity (no clear zone of inhibition) in the bi-layer
well diffusion assay. Hence, the TLC-based bioautography assay
results are summarized in the following table.

Table 3. Summary of antimicrobial assay results

  CSL-H  CSS-H  CSL-C  CSS-C 
Bacillus subtilis  + - + +
Streptococcus pneumoniae  - - + +
Staphylococcus aureus  + + + +
Klebsiella pneumoniae + - - -
Salmonella typhi + + + -
Pseudomonas aeuroginosa - - - -

Note: (+) = Presence of activity; (-) = Absence of activity; CSL-H
= C. speciosus leaves, Ethanol extract, CSS-H = C. speciosus

stem, Ethanol extract, CSL-C = C. speciosus leaves, Ethyl acetate
extract, CSS-C = C. speciosus stem, Ethyl acetate extract

For bi-layer well diffusion assay, the ethanol and ethyl acetate
extracts of C. speciosus leaf and stem were concentrated using a
rotary evaporator at 40oC and reconstituted in dH2O and DMSO
respectively. The antimicrobial efficacy of the extracts was tested

against the following both Gram positive and negative bacteria.

Standard antibiotic Ciprofloxacin (5 µg/disc) was used as positive
control and ethanol and ethyl acetate (50 µl each) were used as
negative controls. Different concentrations (50-150 µl) of the

extracts were tested. However, none of the extracts showed any
clear zone of inhibition in the bi-layer well diffusion assay. Hence,
TLC-based bioautography assay was performed to confirm the
antimicrobial activity of the extracts.

For TLC, the extracts were concentrated using a rotary evaporator
at 40oC and reconstituted in dH2O and ethyl acetate respectively.
Here, DMSO was not used to reconstitute the ethyl acetate extract,
as DMSO caused smearing in previous TLC experiments. After

the TLC run, the TLC plates were thoroughly dried in the oven at
40oC for 45 minutes to remove the solvents. Then the plates were
used in the consecutive steps of the bioautography assay. After
24 hours of incubation, there were distinct clear zones of

inhibition. The results are shown in figures 2 and 3, where the
inhibition zones are marked in red. Active portions of the TLC
plates were matched with reference plates saved earlier and marked
for future work (further purification). The results show that the

extracts were most active against S. aureus and S. typhi. Also,
the ethyl acetate-based extracts had wider and clearer inhibition
zones than the ethanol-based extracts.

Fig. 2: Antimicrobial activity of C. speciosus leaf and stem ethanol

extracts, clockwise from top left corner to right; against B. subtilis

for CSL-H, K. pneumoniae for CSL-H, and S. typhi for CSL-H,

CSS-H(CSL-H = C. speciosus leaves, Ethanol extract, CSS-H =

C. speciosus stem, Ethanol extract). The clear zones depicting

active fractions of the extracts are marked in the red boxes.
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Discussion

Phytochemical analysis in this study has shown the presence of
alkaloids, steroids, flavonoids, tannins, phenolic compounds,
glycosides and cardiac glycosides but no saponins in ethanol
extracts of C. speciosus leaf and stem.  Similarly, alkaloids and
steroids were found in the plant leaf and stem ethyl acetate
extracts, but no flavonoids, saponins, tannins, phenolic
compounds, glycosides or cardiac glycosides were detected.

Earlier studies have reported the presence of many compounds
in different solvent-based extracts of C. speciosus plant parts.
One study reported the presence of flavonoids, alkaloids,
glycosides, steroids, phenols, tannins, saponins, and a resin in
the methanol extract of the plant leaves34. Another study reported
that the plant rhizome ethyl acetate extract contained quinone,
glycoside, cardiac glycoside, terpenoids, but no alkaloids,
steroids, flavonoids, phenolic compounds, saponins and
tannins35. Presence of alkaloids, flavonoids, cardiac glycosides,
saponins, sterols, tannins and anthroquinone glycosides in plant
rhizome were reported in another research36.

In the present study, none of the extracts showed any clear zone
of inhibition in the bi-layer well diffusion assay. This could be
due to the improper diffusion of non-polar active compounds
into the agar media. Hence, thin-layer chromatography was done

for the extracts and then a direct bioautography assay was
performed. Interestingly, the extracts showed significant clear
zones of inhibition in this assay. The reason for the extracts
showing no activity in bi-layer well diffusion assay, but having
potent activity in TLC-based bioautography assay could also be
explained by the phenomenon of inhibition. In bi-layer well
diffusion assay, some of the components in the extracts might
have inhibited the antimicrobial activity of the other components.
But this inhibition was negated in bioautography assay, as the
components were first separated in TLC. In TLC-based
bioautography assay, ethanol extract of the plant leaves showed
activity against B. subtilis, S. aureus, K. pneumoniae, and S.

typhi. Ethyl acetate extract of the plant leaves inhibited the growth
of B. subtilis, S. pneumoniae, S. aureus, and S. typhi.  These
results are supported by the findings of Mahendranathana  and
Abhayarathne  202116. Ethanol extract of the plant stem showed
activity against S. aureus and S. typhi. Ethyl acetate extract of
plant stem showed a clear zone of inhibition against B. subtilis,
S. pneumoniae, and S. aureus. From the results, it can be seen
that the extracts showed the most activity against S. aureus and
strong activity against B. subtilis and S. typhi.

Ethanol-based extracts showed greater activity (clearer zones)
near the upper regions on the TLC plates. Ethyl acetate-based

Fig. 3: Antimicrobial activity of C. speciosus leaf and stem ethyl acetate extracts, clockwise from top left corner to right; against B.

subtilis for CSL-C, CSS-C, S. typhi for CSL-C, and S. pneumoniae for CSL-C, CSS-C (CSL-C = C. speciosus leaves, Ethyl acetate

extract, CSS-C = C. speciosus stem, Ethyl acetate extract). The clear zones depicting active fractions of the extracts are marked in

the red boxes.
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extracts showed clear zones spread uniformly along the length of
the TLC plates.  As ethyl acetate is less polar than ethanol,
ethanol-based plant extracts would contain more polar
compounds than ethyl acetate-based extracts. The TLC solvent
was an equal mixture of ethyl acetate (low polarity) and hexane
(non-polar). It can be presumed that, for ethanol-based extracts,
the antimicrobial compounds are less polar in nature, as they
travelled further than the inactive fractions. It can also be deduced
that the antimicrobial components in ethyl acetate-based extracts
are less polar or non-polar. Moreover, the ethyl acetate-based
extracts showed greater activity than the ethanol-based extracts
in multiple replicates of the TLC-based bioautography assay.
Hence, it can be hypothesized that the plant extracts’ antimicrobial
components are mostly non-polar.

A literature review shows that the extracts of C. speciosus have
antimicrobial activity against several species. One study tested
the antibacterial activity of the acetone, ethanol and aqueous
extracts of the leaves of C. speciosus against Escherichia coli

and S. aureus. In the agar well diffusion method, the acetone-
based extracts showed the most potent inhibitory actions, while
the ethanol extracts showed the lowest level of inhibition16.
Methanol, petroleum ether, chloroform, and acetone extracts of
C. speciosus leaves were reported previously to show activity
against S. aureus, B. subtilis, S. typhi, E. coli, Candida albicans,
and Aspergillus oryzae34. The n-hexane partition of the methanol
extract of plant stems and flowers was shown to have potent
inhibitory activity against Mycobacterium tuberculosis H37Rv.
The extract’s effect on the bacterial cellular structure mediated
the anti-TB activity. GC-MS phytochemical analysis of these
extracts confirmed that most of the active compounds were
lipophilic fatty acids37. However, another study reported that C.

speciosus leaf hexane, methanol and aqueous extracts showed
no activity against B. subtilis, E. coli, K. pneumoniae, and S.

aureus17.

Most of the previous studies on the antibacterial activity of C.

speciosus focused on rhizome extracts. One such study found
that the aqueous extract of the plant rhizome was effective against
S. aureus, Staphylococcus epidermis, E. coli, P. aeruginosa,
and S. typhimurium38. Another study showed that the plant
rhizome aqueous, methanol, hexane and ethyl acetate extracts
showed insignificant activity against S. aureus, B. subtilis, P.

aeruginosa, E. coli and S. typhi35. Hexane, chloroform, ethyl
acetate, and methanol extracts of the plant rhizome were reported
to have antifungal activity in low concentration15. The hexane
extract showed the maximum activity against Trichophyton

mentagrophytes, Trichophyton rubrum, Epidermophyton

floccosum, and Curvulari lunata. Another research group
reported that the chloroform:ethyl acetate (1:1), ethyl acetate and
total methanol extracts of plant rhizome significantly inhibited
the growth of Bacillus cereus. The chloroform fraction showed
potent activity against S. aureus and Bacillus cereus. The total
methanol extract and chloroform fractions had strong activity

against C. albicans39. C. speciosus rhizome methanol extract has
antifungal activity against A. niger, Rhizopus oryzae, Aspergillus

terreus, Cladosporium species, Colletotricum crassipes,

Collectotricum capsici, Armillaria mellea, and C. albicans40.
Another study tested the antibacterial activity of petroleum ether,
chloroform, ethyl acetate, acetone, methanol, ethanol, and
aqueous extracts of the plant rhizome. Results showed that the
extracts had activity against B. subtilis, S. aureus, P. aeruginosa,
Bacillus pumalis, C. albicans, and E. coli41. A bioactive principle
in ethanol extract of plant rhizome was found to inhibit B. subtilis,
S. aureus, Proteus mirabilis, B. cereus, E. coli, S. typhi, P.

aeruginosa, Staphylococcus epidermidis, and C. albicans42.

One study showed that the antibacterial activity of rhizome
extracts obtained through different extraction procedures. It was
found that when the cold percolation method was used to obtain
the chloroform, acetone, ethanol and aqueous extracts of plant
rhizome, the extracts had no activity against K. pneumoniae, S.

aureus, Pseudomonas vulgaris, P. aeruginosa, C. albicans, and
Aspergillus niger.  When the Soxhlet method was used to prepare
the aqueous extracts of plant rhizome, the extracts showed
activity against K. pneumoniae only43. Another study reported
that the plant rhizome’s hexane and methanol extracts showed
activity against B. subtilis, E. coli, K. pneumoniae, and
Staphylococcus aureus17. However, the aqueous extract of plant
rhizome showed no such activity. Another study reported that
the methanol extract of plant rhizome failed to inhibit the growth
of S. aureus, E. coli, K. pneumoniae and P. aeruginosa, while the
aqueous extract had antibacterial activity against S. aureus36.

It can be seen from the above studies that there was no research
done on the antibacterial activities of the ethyl acetate extracts of
C. speciosus leaves and ethanol and ethyl acetate extracts of the
plant stem, to the best of the researchers’ knowledge. Hence, the
present study tested the antimicrobial activity of the plant leaves
and stems’ ethanol and ethyl acetate extracts.

In the current study, the ethyl acetate-based extracts showed
greater activity than the ethanol-based extracts (large and distinct
zone of inhibition). Further research is needed to identify the
specific compounds responsible for antimicrobial activity in these
extracts.

Few studies reported the association of various endophytic
bacteria and fungi with different parts of C. speciosus plant44-49.
These research works also showed that the endophytes had
effect on plant growth44-47. Some studies showed that the
endophytic microorganisms produced pharmacologically active
substances, such as antifungal and anti-cancer compounds48,

49.  From these studies on endophytes associated with C.

speciosus, it can be presumed that some of the bioactivities of C.

speciosus plant extracts could be due to the presence of these
endophytes.  As traditional medicine practitioners mostly use
aqueous extracts of this plant to treat diseases, the components
secreted by endophytes would likely be present in the prepared
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decoctions. One of the future objectives of this current study
would be to study the endophytes associated with locally grown
C. speciosus plants.  Again, C. speciosus is chemically divergent,
as it can have many chemotypes and cytotypes20, 21. Hence,
another objective of this study would be to identify the
chemotypes and cytotypes of C. speciosus plants in Bangladesh.

The primary aim of this current study was to do preliminary testing
of the antimicrobial effects of C. speciosus leaf and stem extracts
against selected pathogens. Future works would include testing
out the efficacy of these extracts against other pathogens,
identifying the specific antimicrobial lead compounds through
chromatographic techniques, testing the antioxidant properties
of the isolated lead compounds, and determining their molecular
structures.

Conclusion

C. speciosus plant extracts have been studied extensively in many
South and South-East Asia countries. However, this species is
yet to be thoroughly investigated here in Bangladesh. The current
study analyzed the phytochemical constituents and antimicrobial
activity of ethanol and ethyl acetate-based extracts of C.

speciosus leaf and stem. Future research focusing on the locally
grown C. speciosus will help understand their chemical
constituents and potential applications. This work aims to
continue exploring native C. speciosus and other species of the
genus Costus as sources of antimicrobial lead molecules.
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