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Abstract
Traditional medicinal plant possessed antimicrobial properties. Candidiasis is an infection of Candida
albicans which has developed resistance towards antifungal drugs. The extracts of Murraya koenigii
Spreng leaves and Etlingera elatior Jack flowers were used as antifungal agents individually and in
combination against C. albicans. Both extracts were tested for the presence of phytochemicals (alkaloids,
tannins, flavonoids, glycosides and saponins). Individual extracts were examined for antifungal activity
using Kirby-Bauer test. The minimum inhibitory concentration (MIC) and the minimum fungicidal
concentration (MFC) were evaluated using microdilution broth assay and checkerboard assay. The
extracts of both plants were positive for the presence of phytochemicals flavonoids, alkaloids, tannins,
glycosides and saponins. The inhibition zone of M. koenigii leaf and E. elatior flower extracts were 8.33
mm and 8.17 mm respectively. The MIC of M. koenigii and E. elatior ranged from 200 mg/mL to 400
mg/mL and in combination, the extracts were indifferent towards C. albicans (FIC=1.0). MFC revealed
there was no visible growth of C. albicans on SDA plate. M. koenigii and E. elatior have potential to
be used individually or in combination as antifungal agents against C. albicans.
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INTRODUCTION
Traditional herbal medicine is a common
practice in various human cultures in the world
including in Malaysia. The major component of this
practice is the usage of medicinal plants, which the
leaves are the most common part of a plant that is
used in preparing herbal medicine1,2. As for lately,
this practice has been gaining a significant amount
of attention globally3. Over the past three decades,
about 80% of the world’s population have practice
the traditional medicine for their main healthcare4.
Plant phytochemicals are bioactive
compounds that include essential oils, oleoresin,
alkaloids, flavonoids, glycosides, phenolic
compounds5,6. It can exist in the extracts, ground
and dried herbs, or phytochemical substance7.
The properties are then further exploited in
many commercialized products ranging from
supplements, pharmaceuticals, antiseptic to
dental root canal sealers8 .
In this study, the extracts of Etlingera
elatior Jack. flowers and Murraya koenigii Linn.
leaves were used as antifungal against the Candida
albicans. E. elatior are from Zingiberacea family
and they are tall plants that may reach 6 m in
height9. The varying shades of pink and red colours
of the petals make Etlingera species very attractive
plants. These plants contain phytochemicals such
as tannins that are responsible for the antifungal
properties. Meanwhile, Murraya koenigii or
commonly known as ‘daun kari’ by the locals
belong to the family of Rutacea. It is usually
used in various food preparation as a natural
flavouring agent among the Malays and Indians10.
M. koenigii also possessed phytochemicals that
have antifungal properties. Since both of these
plants possess antimicrobial properties, a synergy
between them may produce a greater inhibitory
effect. Production of antifungal products from
these two plants can give benefits to patients
suffering from Candidiasis caused by C. albicans.

Melaka respectively. Identification of both plant
species of were performed in Universiti Putra
Malaysia (UPM).
Preparation of plant materials
Fresh samples of Etlingera elatior Jack.
flower and Murraya koenigii Spreng. leaves were
washed with distilled water and cutted into small
pieces. The sliced samples were dried in the oven
for 48 hours at 40-50°C and later kept for further
use10.
Extraction of plant materials
The dried samples of E. elatior and M.
koenigii were grind to form powder by using a
blender. The extraction was performed using with
methanol and ethanol as solvent. About 100 g
of powder for each plant was extracted with 1 L
of 80% methanol and 95% ethanol in a separate
conical flask for 72 hours. The extracts then filtered
through Whatman’s filter paper (No. 1) in a filter
funnel and followed by evaporation by using a
rotary evaporator at 50°C for 5 hours. The crude
extracts were then collected and weighed using
a weighing balance. Afterwards, the collected
extracts were placed into a sterile container
and labelled prior to being kept at -20°C before
analysed10.
Determination of percentage yield of the extracts
The percentage yield of the extracts were
determined based on the weight of the extract
obtained and dried material used as previously
described formula11.
Phytochemical testing
Detection of alkaloids
The Wagner’s Test was used to determine
the presence of alkaloids. Briefly, the extract (1
mL) was added to Wagner’s reagent (1 mL), the
reagent was prepared by mixing of iodine (2 g)
and potassium iodide (6 g) in distilled water (100
mL). The presence of alkaloids were identified by
the formation of reddish brown precipitate12.
Detection of tannins
The presence of tannins was tested by
adding a few drops of 1% ferric chloride solution
to 5 mL of plant extract. The presence of tannins
were indicated by the formation of the green
colour precipitate13.
Detection of saponins
The presence of saponins was determined
by applying vigorous shaking to diluted plant
extracts (5 mL) in a test tube. The formation of a

MATERIALS AND METHODS
Plant materials
Etlingera elatior Jack. and Murraya
koenigii Spreng. extracts were used to investigate
their synergistic antifungal effects. The parts of the
flowers and leaves were used for E. elatior and M.
koenigii respectively. E. elatior and M. koenigii was
collected from Pernu, Melaka and Sungai Udang,
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foamy layer was an indicator of this constituent14.
Detection of glycosides
The mixture of extract (2 mL) and 50%
H2SO4 (10 mL) in a test tube was incubated in a
water bath (15 minutes). The mixture was added
with Fehling’s solution before boiled. The presence
of glycosides in the extracts were indicated by the
formation of brick-red precipitate7.
Detection of flavonoids
The extract (2 mL) was added with a
few drops of sodium hydroxide solution in a test
tube. After addition of diluted sulphuric acid, the
yellow colour that became colourless indicated
the presence of flavonoids in the extract7.
Antifungal activity
Chemicals and microbial strains
SDA (Sabouraud Dextrose Agar), peptone
water and Nystatin (100mg) were purchased from
Sigma Aldrich. For antifungal testing, a plate of
Candida albicans pure culture were obtained from
ATCC.
Preparation of inoculum
Candida albicans were subcultured and
maintained on SDA plates as well as in peptone
water. Both agar and liquid inoculum were
incubated at 37°C overnight stored at 4°C under
aerobic conditions. The liquid inoculum consisting
of 5X105 cfu/mL was identified by absorbance
reading at the wavelength of 625 nm 15. The
absorbance of 0.08–0.13 was obtained in order to

meet the turbidity that is similar to 0.5 McFarland
standard16.
Disc diffusion assay
The method proposed by Bauer et
al., (1966) was used to determine the disc
diffusion assay of crude extracts yield, with
slight modifications17. Briefly cotton swabs were
dipped into C. albicans liquid inoculum spread
evenly on the surface of the SDA. About 15 μL
of the extracts (400 mg/mL) that were dissolved
with DMSO was pipetted onto sterile discs with a
diameter of 6mm. The discs were then placed on
the inoculated agar medium. Nystatin and 10%
Dimethyl sulfoxide (DMSO) was used as a positive
and negative controls respectively. The agar plates
was incubated at 37°C for 24 hours. The antifungal
activity of each extract was measured by the clear
inhibition zone around each disk (Fig. 1).
Determination of the minimum inhibition
concentration (MIC)
M I C i s d e s c r i b e d a s t h e l owe st
concentration of extracts that get rid of the
microorganism15. It was identified by using the
extracts with the strongest antifungal activity
from disc diffusion assay. The MIC was done by
using micro dilution broth method according to
NCCLS (2003) whereby 400mg of plant extracts
was diluted with 1 mL 10% DMSO and pipetted
into the first well of a microtiter plate. It was then
further diluted up to well 10. Liquid inoculum of C.
albicans was later introduced to each well on the
microtiter plate. Well 11 and 12 served as positive
and negative control respectively. The microtiter
plate was then incubated for 24 hours at 37°C.
Determination of the minimum fungicidal
concentration (MFC)
The MFC is the lowest concentration that
showed either no growth or fewer than three
colonies to attain approximately 99.5% antifungal
activity. It was determined based on the result
for MIC. After 24 hours of incubation, the last
positive wells which has the growth similar to
that for negative growth control well, was subcultured onto SDA plates. The inverted plates were
incubated at 37°C.
Fractional inhibitory concentration (FIC)
determination
This method was carried out to determine
the synergy of the extracts of E. elatior and M.

Fig. 1. The diameter (mm) of the zone of inhibition
produced by the Etlingera elatior Jack. extracts tested
on Candida albicans.
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phytochemicals that present in E. elatior in 80%
methanol is alkaloids, glycosides and saponins
but constituents like flavonoid and tannins were
not present. Meanwhile, when E. elatior was
extracted with 95% ethanol, flavonoids and
tannins were present alongside alkaloids. Despite
that, glycosides and saponins were absent. As for
M. koenigii, when the plant is extracted by using
80% methanol, the result was similar to that E.
elatior, the alkaloids, glycosides and saponins were
present, while tannins and flavonoids were not
detected in the extract. However, when extracted
with 95% ethanol, M. koenigii contains flavonoids,
tannins and saponins. Other constituents which is
glycosides and alkaloids were absent in this extract
(Table 2).
Disc diffusion assay
The extracts were tested against Candida
albicans on SDA plates at the concentration of 400
mg/mL. Both plant’s extracts using 95% ethanol
has exhibit zone of inhibition of 8.17 ± 0.29 mm
and 8.33 ± 0.29 mm for E. elatior and M. koenigii
respectively (Table 3), whereas the methanol
extracts for both plants do not show any zone of
inhibition. The positive control also yield a zone
of inhibition with the diameter of 20.33 mm while
control negative do not show any activity (Fig. 1).
Determination of MIC and MFC
MIC determination was performed on

koenigii against C. albicans. The method was
similar to MIC, but combining plant extracts on
liquid inoculum of C. albicans. It is also done
on microtiter plate similar to determining MIC
of individual plant extracts The result was then
calculated by using the formula suggested by
Gulam and Bhoj (2015) to determine the Fractional
Inhibitory Concentration (FIC)18 .
Data analysis
All of the data were collected and
analysed using SPSS (Statistical Package for Social
Science) version 22.0. The parametric test ANOVA
(One Way Analysis of Variance) was used. The
difference with a p value <0.05 was considered to
be statistically significant.
RESULTS
Percentage of yield of extracts
Ethanol extracts (95%) yield a higher
percentage for both plants with 12.5% and 11.8%
for E. elatior and M. koenigii respectively. In
comparison, when extracted using 80% methanol,
the extracts only yield 5.8% and 5.2% for E. elatior
and M. koenigi respectively (Table 1).
Phytochemical analysis
Preliminary phytochemical testing
was performed to identify the phytochemical
constituents present in both Etlingera elatior Jack.
flowers and Murraya koenigii Spreng.leaves. The

Table 1. The percentage of yield of the plant extracts with 80% methanol and 95% ethanol.
Plants
Etlingera elatior Jack.
Murraya koenigii Spreng

Crude
extracts

Weight
(g)

Percentage
of yield (%)

80% methanol
95% ethanol
80% methanol
95% ethanol

5.8
12.5
5.2
11.8

5.8
12.5
5.2
11.8

Table 2. Zone of inhibition of C. albicans by the plant extracts
Species

Plant part

Crude extract

Etlingera elatior Jack.
Flower
80% Methanol
		
95% Ethanol
Murraya koenigii Spreng.
Leaves
80% Methanol
		
95% Ethanol
Positive control (Nystatin 100mg)			
Negative control (10% DMSO)			

Zone of inhibition (mm)
NA
8.17 ± 0.29
NA
8.33 ± 0.29
20.33
NA

NA= No Activity
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microtiter plate by using microdilution broth
assay starting with the concentration of 400 mg/
mL followed by 200 mg/mL, 100 mg/mL, 50 mg/
mL, 25 mg/mL, 12.5 mg/ml, 6.25 mg/mL, 3.125
mg/mL, 1.56 mg/mL and 0.78 mg/mL. Only
extracts that show an antifungal activity were
chosen for determining MIC. Meanwhile, MFC
was determined by streaking each concentration
to observe the growth of C. albicans after
incubation at 37°C for 24 hours. The plates that
contain less than three colonies of C. albicans were
determined (Fig. 2). Both results of MIC and MFC
was compared to determine the better extract
in inhibiting C. albicans. MIC was determined at

400 mg/mL for both extracts, as they were able
to inhibit C.albicans. As for MFC, E. elatior was
able to act as a fungicide against C.albicans at the
concentration of 400 mg/mL while M. koenigii has
a lower concentration (200 mg/mL) (Table 4).
Checkerboard assay
Based on this method, when the two
extracts were combined using the concentration
of 400 mg/mL, the FIC yield was 1.0 (Table 5).
DISCUSSION
The study was to determine and explore
the phytochemical constituents and antifungal
activity of Etlingera elatior Jack. flowers and
Murraya koenigii Spreng. leaves. The plant
materials applied in extract preparation was based
on the traditional used on the plants. In this study,
the flower and leaves of E. elatior and M. koenigii
were used respectively. At this stage, extraction
conditions or solvent impurities is crucial in order
to reduce interference from compounds that
may co-extract with the target compounds, and
to elude contamination of the extract, as well as
to prevent decomposition of main metabolites or
artefact formation19. Contamination with diseased

Fig. 2. The SDA plates that do not contain any C.
albicans colony which is at 400mg/mL and 200 mg/ML
for E. elatior (A) and M. koenigii (B) respectively were
determined as the MFC of the plant extracts.

Table 3. The presence of different phytochemicals in E. elatior and M. koenigii ectracts extracted using 80%
methanol and 95% ethanol
Plants

Crude extract

Flavonoid

Alkaloid

Tannins

Etlingera elatior Jack.

80% Methanol
95% Ethanol
80% Methanol
95% Ethanol

+
+

+
+
+
-

+
+

Murraya koenigii Spreng.

Glycosides Saponins
+
+
-

+
+
+

Table 4. MIC and MFC of both plant extracts were determined and compared.
Plant
Extract
		
Etlingera elatior Jack
Murraya koenigii Spreng

95% ethanol
95% ethanol

Concen.
(mg/mL)

MIC
(mg/mL)

MFC
(mg/mL)

400
400

200
200

400
200

plant materials may lead to an unexpected
formation of foreign products during the analysis
due to alternation in the plant’s metabolism or
microbial synthesis in plants20.
Active compound from plant tissues
can be extracted from either fresh or dried
plant material. Dried plant materials was chosen
Journal of Pure and Applied Microbiology

Table 5. FIC of the combined plant extracts when tested
against C. albicans
FIC
Combined extracts of
E. elatior (400mg/mL) and
M. koenigii (400mg/mL)
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in this study, because it was generally used
by complementary and alternative medicine
practitioners. The drying process is important to
remove the water content from plants so that it
can be stored. Fresh plant samples have to be
dried immediately upon the collection to avoid
spoilage of plant materials. The natural drying
process includes sun-drying in which the plant
materials were to be air-dried in barns or sheds.
The time depends on temperature and humidity.
Artificial drying by artificial driers that will reduce
the drying time to several hours or minutes at a
low temperature to avoid any chemical changes.
The medicinal plant is commonly dried by warm-air
drying method20,21.
Fresh plant materials have water property
that may alter the solubility of following separation
in liquid-liquid extraction. Prior to analysis,
dehydrated plant materials can be kept for long
time and metabolic plant components should
be more stable, especially when used as an
antimicrobial agent22. A study by Pham et al.,
(2015) stated that Helicteres hirsuta Lour leaves
after being dried has low water activity which
could be stored for a long time with minimum
degradation23. Hence, dried plant materials were
preferred instead of fresh.
In this study, Etlingera elatior Jack. flowers
and Murraya koenigii Spreng. leaves extrcats were
investigated for antifungal activity. The yield of
the extracts varied between the solvent used. The
results revealed that 95% ethanol was able to yield
a higher percentage of extract for both plants used.
The presence of different complex
chemical substances as secondary metabolites or
phytochemicals, which accumulated in different
parts of the plants provide medicinal properties
and produce marked healing action on human
body24. Phytochemical analysis of the Etlingera
elatior Jack. and Murraya koenigii Spreng. crude
extracts showed that only plants that were
extracted using 95% ethanol were able to extract
out tannins. Tannins are a crucial phytochemical
as it has antifungal properties that can work
against Candida albicans25. “Tannin” is a group
of polymeric phenolic substances that capable
of tanning leather or precipitating gelatine from
solution, a property known as acerbity and highly
toxic towards filamentous fungi, yeasts, and
bacteria26. The phytochemical content and the
Journal of Pure and Applied Microbiology

quality of plant extracts were highly influenced
by the part of the plant and the process and
the procedure of plant extraction as well as the
different type of solvent used22. The difference
of extraction procedure will affect the quality,
quantity and secondary metabolites in the extracts
which may be caused by the time of extraction,
duration of extraction, polarity and nature of
the solvent used. Phytochemical constituents
of a plant’s crude extracts be influenced by the
environment of the plant material, the source, the
particle size and moisture content22.
The result obtained in disc diffusion
assay by using Kirby-Bauer Technique showed
that the only plant extracts extracted by using
95% ethanol was able to produce a zone of
inhibition. Meanwhile, when extracted with 80%
methanol, the extracts failed to exhibit any zone
of inhibition. This is due to the absence of the
phytochemical constituent tannins in the extracts,
thus, making it unable to kill the microorganism.
For crude extracts obtained by extracting the plant
by using 95% ethanol, Murraya koenigii was able
to inhibit the growth of C. albicans greater than
Etlingera elatior with a zone of inhibition of 8.33
± 0.29 mm compared to E. elatior with only 8.17
± 0.29 mm. Positive control, Nystatin produces
the largest diameter of a zone of inhibition which
was 20.33 mm and negative control (10% DMSO)
do not exhibit any zone of inhibition. The disc
diffusion assay was categorized it strength based
on inhibition zones that is ≤ 9.5 mm is considered
weak, 10 to 14.5 mm as moderate and ≥ 15 mm as
strong27. Since the plant extracts have diameters
≤ 9.5 mm, the antifungal activity were considered
to be weak27.
For determining MIC, it was done on
microtiter plate by using microdilution broth assay
starting with the concentration of 400 mg/mL
followed by 200 mg/mL, 100 mg/mL, 50 mg/mL,
25 mg/mL, 12.5 mg/ml, 6.25 mg/mL, 3.125 mg/
mL, 1.56 mg/mL and 0.78 mg/mL. After 24 hours
being incubated, the microtiter plate was observed
and the turbidity was recorded. It was observed
that the MIC for both plant extracts was 200 mg/
mL, suggesting that the capability of both plants to
inhibit Candida albicans were similar. Despite that.
MFC determination confirmed that M. koenigii was
more powerful than E. elatior. This is because M.
koenigii were able to act as fungicidal towards C.
1814
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Ethics Statement
Permission to carry out this study was
granted by the MSU Research Ethics Committee
(Code :AE-MSU-015) of Management & Science
University (MSU).

albicans at 200 mg/mL while E. elatior was only
able at the concentration of 400 mg/mL. Thus, less
extract is needed for M. koenigii to inhibit Candida
albicans.
As for determining the synergistic
antifungal effects of E. elatior and M. koenigii,
checkerboard assay were done with a similar
method to determining MIC. It was found that the
MIC of E. elatior in combination was 400 mg/mL
and it was the same with M. koenigii. According
to Gulam and Bhoj (2015), if ∑FIC ≤ 0.5, there is
synergy between the two plants and if the ∑FIC ≥
4, the synergy was considered to be antagonist23.
However, the FIC in this study was 1.0, hence,
it was considered to be indifferent towards C.
albicans. So, the synergism can either be obtained
or it does not affect the fungus28,29. This happened
because synergism may decrease due to the
incompatibility of phytochemical content from
each of the plant or competitive inhibition at the
site of action30.

data Availability
Datasets during and/or analysed
during the current study are available from the
corresponding author upon reasonable request.
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