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Graphical abstract Abstract

Stereospermum fimbriatum (local name: “Chicha”) has been used traditionally
to treat postpartum illness, stomachache, earache and itchy skin in Malaysia.
This study was performed to investigate the phytochemical contents of S.
fimbriatum (flowers, leaves, twig and stem bark) by phytochemicals screening
and GC-MS analysis as well as to determine their antimicrobial potential against
eleven skin-associated pathogens. The extraction was done by soxhlet extractor
using n-hexane (Hex), dichloromethane (DCM) and methanol, successively. The
antimicrobial activity of all extracts was screened by disc diffusion assay and
selected active extracts were evaluated for their minimum inhibitory and
bactericidal concentration (MIC & MBC). Phytochemicals such as steroids,
terpenoids, tannins, flavonoids and saponins were identified in different plant
parts of S. fimbriatum. Hex and DCM extracts of stem bark were the most potent
extracts especially against three susceptible pathogens, methicillin-resistant
Staphylococcus aureus (13-15 mm), S. aureus (14-15 mm) and S. epidermidis (16
mm). The range of MIC values for Hex and DCM extracts was 0.4 to 0.8 mg/mL.
GC-MS analysis of Hex and DCM extracts showed the presence of numerous
bioactive compounds. The stem bark of S. fimbriatum was rich of bioactive
compounds and exhibited potent antibacterial activity specifically against
Staphylococci sp.

Keywords: Stereospermum fimbriatum, Bignoniaceae, Chicha, skin infection,
antibacterial, GC-MS
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Abstrak

Stereospermum fimbriatum (nama tempatan: "Chicha") telah digunakan secara
tradisional untuk merawat penyakit selepas bersalin, sakit perut, sakit telinga
dan kulit gatal di Malaysia. Kajian ini dilakukan untuk menyiasat kandungan
fitokimia S. fimbriatum (bunga, daun, ranting dan kulit batang) dengan
pemeriksaan fitokimia dan analisis GC-MS serta untuk menentukan potensi
antimikrobial mereka terhadap sebelas patogen kulit. Pengekstrakan dilakukan
oleh pengekstrak soxhlet menggunakan n-heksana (Hex), diklorometana (DCM)
dan metanol, berturut-turut. Aktiviti antimikrobial dari semua ekstrak disaring
dengan ujian penyebaran cakera dan ekstrak aktif yang dipilih dinilai untuk
kepekatan minimum perencatan dan bakterisidal (MIC & MBC). Fitokimia
seperti steroid, terpenoid, tanin, flavonoid dan saponin dikenal pasti di
bahagian tumbuhan S. fimbriatum yang berbeza. Hex dan DCM ekstrak dari
kulit batang adalah ekstrak yang paling kuat terutamanya terhadap tiga
patogen yang rentan, Staphylococcus aureus yang tahan methicillin (13-15
mm), S. aureus (14-15 mm) dan S. epidermidis (16 mm). Julat nilai MIC untuk
ekstrak Hex dan DCM adalah 0.4 hingga 0.8 mg/mL. Analisis GC-MS ekstrak Hex
dan DCM menunjukkan adanya sebilangan besar sebatian bioaktif. Kulit
batang S. fimbriatum kaya dengan sebatian bioaktif dan menunjukkan aktiviti
antibakterial yang kuat khususnya terhadap Staphylococci sp.

Kata kunci: Stereospermum fimbriatum, Bignoniaceae, Chicha, jangkitan kulit,
antibakterial, GC-MS

© 2021 Penerbit UTM Press. All rights reserved

1.0 INTRODUCTION

Staphylococci species are among the dominant skin
colonizer which caused most of the nosocomial skin
infection worldwide. This issue has become a
substantial global burden by the association of its
treatment to the widespread of multiple drug
resistance [1]. This occurrence leads to severe
infections in which patients have 64% more chance
to die compared to infected patients with a non-
resistant strain [2]. Given this alarming status, there is
a constant need to look for new and effective
antimicrobial agents. This may require the use of
sustainable development of drug discovery by
preserving available natural resources of our
medicinal plants as they are renewable sources and
thus enabling the concept of sustainability in future
drug discovery [3].

Plants are among the exemplary source of
medicines used by mankind for ages. However, the
biological activities of most ethno-medicinal plants
have not properly been scientifically validated [4].
Stereospermum fimbriatum is one of the unexploited
species which belongs to Bignoniaceae family. It has
a local name known as “Chicha” and sometimes it is
also called as “snake tree” due to its snake-like coiled
fruits. S. fimbriatum’s shoot has been used
traditionally to treat stomachache while its root is
used to aid the postpartum recovery. Moreover, in
Malaysia, juice of S. fimbriatum’s leaves was used
traditionally to treat earache and also can be mixed
with lime to place on the itchy skin [5-6]. However,

limited scientific studies [7-8] have been carried out
to prove its traditional claims, especially in treating
skin diseases. The present study was designed to
screen the phytochemical contents of S. fimbriatum’s
flower, leave, twig and stem bark as well as to
identify their bioactive compounds in the active
extracts through GC-MS analysis and investigate the
antimicrobial potentials against eleven skin
pathogens.

2.0 METHODOLOGY

2.1 Plant Collection and Preparation

Fresh samples of different plant parts (leaves, flower,
stem bark and twig) of S. fimbriatum were acquired
from Pasir Mas, Kelantan. The plant authentication
was done by a certified botanist with voucher
specimen number: PIIUM 0249. The samples were
immediately cleaned from any dirt and dried at
room temperature for a week. After the samples
were completely dried, grinding process was done to
produce fine powders of samples and stored at 4 °C
[9].

2.2 Phytochemical Analysis

2.2.1 Alkaloid

A thick slurry was formed by mixing the ground
sample (3 g) with chloroform. The addition of
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ammoniacal chloroform (10 mL) into the slurry was
done and the mixture was filtered. The formation of
an aqueous layer was observed upon addition of 1
mL of 1M H2SO4. The aqueous layer was transferred
into a test tube and Mayer’s reagent was added. The
presence of alkaloid was indicated by the
observation of white to cream precipitation [10].

2.2.2 Terpenoid and Steroid

A mixture of the ground sample (3g) and ethanol
(90mL) was boiled. The boiled mixture was filtered
into a test tube (20 mL) and the ethanol was
evaporated. The mixture leftover was used for tannin,
flavonoid and saponin tests. Upon evaporation of the
ethanol, diethyl ether (10 mL) was added a spot
plate and left to dry. Then, a small amount of acetic
anhydride was dropped onto the plate followed by
concentrated H2SO4. The presence of terpenoid and
steroid was indicated by blue and purple colour
formation, respectively [11].

2.2.3 Flavonoid

The mixture leftover (20 mL) obtained from 2.2.2 test
was used upon the evaporation of ethanol. The
resultant extract was rinsed with 10 mL petroleum
ether and 80% ethanol (10mL) was added. Few
pieces of magnesium coils were put into the solution
and concentrated HCL (0.5 mL) was added. After 10
minutes, the presence of flavonoid was determined
by orange to red colour formation [12].

2.2.4 Saponin

The mixture leftover (20 mL) obtained from 2.2.2 test
was added with distilled water. The solution was
shaken for a few minutes vigorously. After 15-20 min,
the formation of froth was observed to determine the
presence of saponin [13].

2.2.5 Tannin

The mixture leftover (1 mL) obtained from 2.2.2 test
was added with distilled water (2 mL) followed by
addition of ferric chloride (FeCl3) solution (2-3 drops).
The observation of blue-black (gallic tannins) or
green to blue-green (cathectic tannins) coloration
was recorded [11].

2.3 Soxhlet Extraction

Extraction thimbles were filled with ground samples
(50 g) and placed into the soxhlet extractor. Solvents
of increasing polarity (n-hexane, dichloromethane
(DCM) and methanol) were successively used in the
soxhlet extraction. The extraction was completed
when the solvents turned colourless (6-8 h).
Concentrated crude extracts were obtained after
removing the solvent using vacuum rotary
evaporator and weighted prior to storage at 4 °C
[14].

2.4 Microorganisms

11 different strains of human skin-associated
pathogens were tested such as methicillin-resistant
Staphylococcus aureus (MRSA), Streptococcus
pyogenes (ATCC 19615), S. epidermidis (ATCC 12228),
S. aureus (ATCC 25923), Bacillus cereus (ATCC 11778),
Pseudomonas aeruginosa (ATCC 27853), Escherichia
coli (ATCC 25922), Enterococcus aerogenes (ATCC
13048), Proteus vulgaris (ATCC 6380), Candida
albicans (IMR C 523/11 A) and Microsporum
gypseum (ATCC 24102). Inoculum was prepared
using 0.5 McFarland standard at 625 nm (bacteria)
and 595 nm (fungi) [15]. Single colonies of each
microorganism were obtained and transferred into
the growth media. The incubation was done at 37 °C
(18-24 hours) and 30 °C (24-48 hours) for the bacteria
and fungi, respectively.

2.5 GC-MS derivatization Method

Derivatization of the extract was conducted by
methoxyamination and trimehthylsilylation methods.
Briefly, a stock solution of methoxyamine
hydrochloride (20 mg/mL) was prepared in pyridine.
Addition of pyridine (50 µL) into 1.5 mg of extract was
done followed by sonication of the mixture at 30 °C
(10 min). Then, addition of methoxyamine
hydrochloride solution (100 µL) into the mixture was
done and further incubated at 60 °C (2 hours). After
the incubation period, 100 µL of derivatizing agent
viz., N-Methyl-N-(trimethylsilyl)trifluoroacetamide
(MSTFA) was added into the mixture and incubated
at 60 °C (30 min). The mixture was kept at room
temperature overnight to allow for a complete
chemical reaction prior to filtration of the mixture [16].

2.6 GC-MS Analysis

The derivatized extract was injected (1 µL) into the
inlet of column. Helium as a carrier gas was used for
GC-MS analysis. In the GC-MS analysis of NS, the
initial oven temperature was 90 °C, and gradually
heated up to 175 °C (8 °C/min, hold 2 min), 175-
235 °C (3 °C/min, hold 10 min), 235- 275 °C (3 °C/min,
hold 10 min) and 275- 315 °C (3 °C/min, hold 10 min).
The initial oven temperature for GC-MS analysis of DS
was 90 °C, increased to 165 °C (5 °C/min), hold for 2
min and for every transition of 165 to 235 °C, 235 to
275 °C and 275 to 315 °C, an increase of 3 °C/min
and 10 min hold was done. In the identification of
compounds, MS data with >70 % library match (Wiley
library) was considered for the selection.

2.7 Disc Diffusion Method

Gentamycin (10 µg/disc) and vancomycin (30
µg/disc) were used as the positive controls for
bacteria while nystatin (100 µg) was used for the
positive control of fungi. The diluent used to dissolve
the extracts (50 % DMSO (v/v) in distilled water) was
used as a negative control. Mueller-Hinton agar
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(MHA) was used as the growth media for bacterial
while Sabouraud-Dextrose agar (SDA) was used as
the fungi’s growth media. Blank discs (diameter: 5
mm) were loaded with extracts at concentration of
200, 400, 600 µg/disc. Cultures (100 µL) adjusted to 0.5
McFarland standard were spread on the media and
the loaded discs were laid on the inoculated media
surface and then incubated. Standard antibiotics
and negative control were tested in a similar manner
as stated. All the extracts were tested in triplicates
and the inhibition zone was recorded with their
means and standard deviation [17].

2.8 Microdilution Assays

A range of concentrations (1000, 800, 600, 400, 200,
100, 50 and 25 µg/mL) was prepared from 10 mg/mL
of stock sample and transferred into respective wells
of microtiter plate. Inoculum with a density equal to
0.5 McFarland (1 × 108 CFU/mL) standard was
prepared and further diluted with the media (culture
to media ratio; 1 to 20). The diluted inoculum (5 × 106)
was transferred (10 μL) into each well with the
inoculum final concentration of 5 × 105 and 100 μL of
final volume for each well. The plate was incubated
for 24 h at 37 °C. The last well was loaded with broth
only for sterility control. [15].

The standard antibiotics (gentamycin and
vancomycin) were tested as a positive control in a
two-fold serial dilution (100 - 0.098 µg/mL). The
negative control used in this study was 50% DMSO.
After the incubation period, 0.01% (wt/v) resazurin
sodium salt (30 µL) was loaded into each well. Then
the treated culture was incubated for another two
hours. Minimum Inhibitory concentration (MIC) value
was recorded as the lowest concentration that
maintained the blue colour of resazurin (Chuah et al.,
2014). Treated cultures containing concentrations
equal to and higher than the MIC value were
transferred (100 μL) and swabbed onto the agar
plate. The concentration that gave zero subculture
growth on the agar after the incubation period was
considered as Minimum Bactericidal Concentration
(MBC) [15].

2.9 Statistical Analysis

Statistical analysis was done using IBM SPSS Statistics
20. Results were expressed as means of triplicate
readings ± standard deviation (SD). The means were
considered significantly different at p<0.05 by one-
way ANOVA analysis.

3.0 RESULTS AND DISCUSSION

The soxhlet extraction of S. fimbriatum gave the
highest percentage of yield for methanol extracts
(6.26 – 27.02 %) specifically on the flower and stem
bark (Table 1). The lowest percentage of yield was
observed for all solvent extracts of twig (0.32 – 6.26 %).

Phytochemicals screening of the different parts of S.
fimbriatum showed a variety of phytochemicals such
as flavonoids, terpenoids, saponins steroids and
tannins (Table 2). However, alkaloid was not
detected in all parts. The flowers and leaves
contained the highest variety of phytochemicals. The
stem bark of S. fimbriatum was found to have only
steroid and tannin among tested phytochemicals.

Table 1 Soxhlet extraction yields of S. fimbriatum’s extracts

Sample Hex
(g)

Yield
(%)

DCM
(g)

Yiel
d
(%)

Met
(g)

Yield
(%)

Stem
bark

0.16 0.32 0.31 0.62 11.32 22.64

Twig 0.16 0.32 0.13 0.26 3.13 6.26
Leave 0.93 1.86 0.34 0.68 4.67 9.34
Flower 0.91 1.82 0.30 0.6 13.51 27.02

Hex: n-hexane; DCM: Dichloromethane; Met: Methanol

Table 2 Phytochemicals screening result of S. fimbriatum.

Sample Alk Terp Ster Flav Sap Tan
Flower - ++ +++ +++ + +CT
Leave - +++ +++ +++ ++ +CT
Stem
bark

- - + - - +CT

Twig - + + - + +CT
+: Weak; ++: Moderate; +++: Abundant; -: Not detected; +CT: Cathectic
tannins detected

However, stem bark of closely related species
such as S. chelonoides [18], S. suaveolens [19-20] and
S. kunthianum [21] was reported to possess a variety
of phytochemicals such as alkaloids, flavonoids,
steroids, tannins and saponins. These previous studies
were mostly done on crude extracts or fractions
compared to raw materials used in the present study
which may explain the difference in the
phytochemical contents. The use of the raw materials
was necessary as the traditional practices are
reported on the application of the raw materials [5-6],
while the standard phytochemicals screening
methods used in this study are for the raw materials.
However, future studies could be done on the crude
extracts such as methanol extract.

There was no antimicrobial activity observed in
the present study of all extracts against two fungi
strains, Candida albicans and Microsporum gypseum,
as well as against six bacteria strains, Escherichia coli,
Streptococcus pyogenes, Proteus vulgaris, Bacillus
cereus, Pseudomonas aeruginosa and Enterococcus
aerogenes. There were three susceptible strains
observed which were S. epidermidis, MRSA and S.
aureus (Table 1S). DCM extract was the most potent
extract with the largest zone of inhibition against S.
epidermidis (16 mm), followed by MRSA and S.
aureus (15 mm) at 600 µg/disc. The second most
potent extract was n-hexane (Hex) extract of stem
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bark against S. epidermidis (16 mm), MRSA (13 mm)
and S. aureus (13.67 mm) at 600 µg/disc.

The zone of inhibition for methanol extracts of
leaves, stem bark and twig was in the range of 7.67 -
10.67 mm. As for the S. fimbriatum’s flower, its
methanol extract showed no antimicrobial activity
against all strains. The flower extracts only showed
small or partial inhibition zones against MRSA and S.
epidermidis. A previous study on n-hexane extract of
S. chelonoides’s stem bark reported that the tested
extracts were active against P. aeruginosa, S. aureus,
E. coli and C. albicans (12-21 mm of inhibition zones)
at 250 μg/disc [22]. Meanwhile, in a study reported
on methanol extract of S. personatum’s stem bark,
less antimicrobial activity (8-13 mm) was observed
against the same strains at 400 μg/disc [23]. Thus, the
present findings had showed a similar pattern of
observations with the previous findings of which Hex
extract of the stem bark exhibited more potent
antibacterial activity as compared to the methanol
extract. All active extracts showed selective inhibition
on the growth of Gram-positive bacteria,
Staphylococcus species. It is interesting to note that
the effective inhibition activity was observed against
one of the dreadful pathogens which is MRSA, one of
the major causes of nosocomial infections [24].

Extracts with inhibition zone ≥ 13 mm are
categorized as potent extracts [25]. Hex and DCM
extracts met the aforementioned criterion and
therefore were selected for MIC test against S. aureus,
MRSA and S. epidermidis. An extract with a MIC
value less than 1 mg/mL can be considered as a
potential therapeutic agent [26]. In this study, the
MIC values of Hex and DCM was as in the range of
0.4 – 0.8 mg/mL against MRSA, S. aureus and S.
epidermidis. Meanwhile, the MBC value of Hex and
DCM were in the range of 0.4 - 1 mg/mL. This may
indicate that S. fimbriatum is a potential candidate
plant for the development of antimicrobial drugs.

GC-MS analysis was conducted on the two most
active extracts, DCM and Hex, to identify their
bioactive compounds. There were 25 compounds
(Table 2S) with >70 % library match identified in the
GC-MS profile of Hex extract (Figure 1) with a high
amount of fatty acids and monoglycerides such as 1-
monopalmitin (20.65 %), palmitic acid (10.50 %), oleic
acid (10.29 %), stearic acid (6.67%) and linoleic acid
(4.83 %). Other major compounds were β-sitosterol
(10.28 %) and 3-aza-A-homocholest-4a-en-4-one
(11.91 %). As for the GC-MS profile of DCM extract
(Figure 2), there were 53 compounds identified as
shown in Table 3S. The GC-MS profile of DCM extract
showed similar major compounds but with lower
abundance compared to Hex extract such as 1-
monopalmitin (Hex: 20.65% & DCM: 11.73%), palmitic
acid (Hex: 10.5% & DCM: 3.18%), and β-Sitosterol (Hex:
10.28% & DCM: 1.33%) which might indicate the left-
over of the compounds that had not been
completely extracted from the hexane extraction.

The presence of this similar major compound
might suggest the need to extend the extraction time
(>8 hours) to allow complete extraction before

increasing the solvent polarity. However, other
compounds may be degraded from the extension of
time. Hence, it is suggested that the extraction
method to be optimized in order to maximize the
recovery of active compounds. There were other
major compounds identified in the DCM extract such
as vanillyl alcohol (6.92 %) and p-coumaric acid
(10.99 %) as well as 4-hydroxy-3-
methoxyphenethylene glycol, ferulic acid,
octadecanoic acid, palmitic acid, 10,10-dimethyl-9-
oxa-10-sila-9,10-dihydrophenanthrene, tyrosol and 4-
(N-Methylamino)-6,7-(1,2,3,4-tetrahydro-1,1,4,4-
tetramethylbenzo)indole in the range of 2.80 to
4.93 %.

Figure 1 GC-MS profile of S. fimbriatum’s stem bark (n-
hexane extract)

Figure 2 GC-MS profile of S. fimbriatum’s stem bark (DCM
extract)

The presence of abundant and diverse
compounds in the DCM extract may also explain the
significantly higher antibacterial activity of DCM
extract as compared to Hex extract. Antibacterial
activity of both Hex and DCM extract can be
correlated to the detected antimicrobial compounds
such as 1-monopalmitin [27], tyrosol [28], ferulic acid,
vanillic acid, p-coumaric acid, caffeic acid, syringic
acid [29], stearic acid, linoleic acid, palmitic acid,
oleic acid [30], arachidic acid [31], β-sitosterol [32],
campesterol and stigmasterol [33]. In sum, fatty acids,
sterols, phenolic acids, monoglycerides and
hydrocarbons were identified in the stem bark of S.
fimbriatum .The strong antimicrobial activity of stem
bark was in line with previous studies where stem bark
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is the most plant part that has been studied in the
literature of Stereospermum genus. A broad range of
microorganisms with at least 27 pathogens were
reported to be susceptible to the stem bark extracts
of Stereospermum genus [6].
Though the present study has shown that there was

less variety of phytochemicals detected in the stem
bark compared to flowers and leaves, numerous
antimicrobial compounds were identified through the
GC-MS analysis of stem bark extract which may
explain the observed antibacterial activity. The
antimicrobial activity did not correlated with the
phytochemical screening results as phytochemical
richness of the leaves and flowers did not result in
high antimicrobial activity. This indicated that these
plant parts could be rich in compounds with
bioactivities other than antimicrobial. Moreover, stem
bark showed less phytochemical variety and high
antimicrobial activity. This indicated that the active
compounds might belong to phytochemical classes
other than the selected standard classes. This
hypothesis was later confirmed by GCMS analysis in
this study as the active extracts contain high amounts
of fatty acids that were not screened for. Previous
studies showed that fatty acids inhibit
Staphylococcus strains, especially MRSA, S. aureus
and S. epidermidis [34]. A recent study [7] on the
antimicrobial activity of S. fimbriatum’s stem bark also
identified an anti MRSA compound which belonged
to anthraquinones family. Hence, future studies on S.
fimbriatum should consider quinones and other
classes for the phytochemical screening.

4.0 CONCLUSION

Overall, different parts of S. fimbriatum exhibited
multiple degrees of antibacterial activity. The most
potent extract was found to be the DCM extract of
stem bark especially against MRSA, S. epidermidis,
and S. aureus. Further studied on its mechanism of
action against susceptible pathogens, specifically
MRSA, are needed in order to evaluate the potential
pathways that are responsible for the demonstrated
activity. Furthermore, studies on the leaves and
flowers may be carried out to evaluate their potential
for other bioactivities such as anticancer, antioxidant,
anti-diabetic and anti-inflammatory since they were
found to have a variety of phytochemicals.
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