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Abstract
Candida albicans is a fungus that is included in the normal microbiota of humans. In
general, C. albicans remains a lifelong commensal microorganism. This fungus has a
hazardous impact. C. albicans can cause infection and is fatal. The spread of this fungus is
one of the factors caused by antibiotic resistance, which causes C. albicans to be resistant
and form strong colonies (biofilms) to survive. Natural ingredients for treatment is an
alternative that is often used by the community because their use is effortless and
practical. One of the plants is the leaves of Begonia multangula Blume. This plant is
known to have potent antifungal activity, but its antibiofilm activity against C. albicans
has not yet been reported in-depth about its antibiofilm. The discovery of new antibiofilm
against C. albicans biofilms is a way to prevent the effects of infections caused by these
biofilms. This research is a form of dedication to the effectiveness of Begonia multangula
Blume leaf extract in inhibiting and eradicating C. albicans biofilm formation. Planktonic
testing, inhibition, and biofilm eradication activity were carried out using the microtiter
broth method. Antibiofilm activity of begonia leaves on C. albicans was measured by
calculating the minimum concentration of biofilm inhibitor (MBIC 50). Data were analyzed
using the Statistical Package for the Social Sciences (SPSS) with a 95% confidence level.
The begonia leaves showed inhibitory activity against the tested C. albicans biofilm
formation. Begonia multangula Blume leaf extract 1% gave C. albicans antibacterial
activity of 75±0.01% and mid-phase antibiofilm activity of 65.21±0.01% and maturation
phase of 50.11±0.01. The results also provided evidence that the ethanolic extract of C.
albicans can degrade (eradication) the formation of C. albicans biofilms. Therefore, the
ethanol extract of begonia leaves can be developed as a new antibiofilm agent against C.
albicans.

1. Introduction
Candida albicans is a fungus that is included in the
normal microbiota of humans. Candida species are the
2nd most common parasitic disease-causing specialist
worldwide and occupy the 5th position among hospitalacquired pathogens (Aires et al., 2020). In general, C.
albicans remains a lifelong commensal microorganism.
However, this fungus has a hazardous impact, C.
albicans can cause infections, both mild around the skin
surface to systemic ones that can cause death (Mutiawati,
2016). One of the causative factors that aggravate the
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situation is where the fungus grows stronger, which
causes the formation of biofilms (Mayer et al., 2013).
Biofilms
are
heterogeneous
communities
of
microorganisms attached to abiotic or biotic surfaces,
encased in a matrix of extracellular polymeric substances
(EPS), and forming complex structures (Cowan et al.,
2000; Anderson et al., 2003; Hall-Stoodley et al., 2004;
Cavalheiro et al., 2018). Biofilms can be formed by one
type of microorganism in the form of a mixture of
various species of bacteria, fungi, algae, and yeasts,
together with foreign substances (Costerton et al., 1995;
Harriott et al., 2010). Biofilms often pose a problem in
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the treatment of infections. Biofilms are a significant
barrier to treatment because their cells can show up to a
1000-fold increase in antibiotic resistance compared to
planktonic cells (Hoyle et al., 1991; Pratiwi et al., 2015).
Microbial biofilm can function as a protector to ensure
the microbes have resistance to common antimicrobials
and avoid the host cell immune system.
This leads to the low effectiveness of antimicrobials
due to the prevalence of antimicrobials against microbial
resistance (Ceri et al., 1999; Donlan, 2002). Due to the
low effectiveness of antimicrobial agents against them,
infections associated with biofilm-producing microbes
can harm humans. Biofilms develop along with
increasing clinical infection in host cells, these biofilms
are one of the virulence and resistance factors (Hertiani
et al., 2011; Hamzah et al., 2018). Candida albicans is a
highly pathogenic biofilm-forming fungus. In
immunocompromised individuals, C. albicans emerges
as an opportunistic pathogen by colonizing epithelial
tissue and causing superficial infection. Of the 345 cases
of candidemia studied in a hospital in Spain, the
mortality reached 44%, with details of this figure, 51%
was caused by C. albicans infection. Bacteria in the form
of biofilms differ from planktonic bacteria in various
ways of growth. One of the consequences is that the
bacteria in the biofilm are shown to be more resistant to
antibiotics and antimicrobials (Rodríguez-Cerdeira et al.,
2019). Today's use of natural ingredients is one way to
carry out herbal treatment as they are easily obtained and
easy to process into herbal medicines. One of the plants
that have antifungal activity is the genus begonia. This
plant grows and develops in Indonesia. Currently, there
is still data that reveals its potential and its use for the
wider community. Begonias are commonly found as
ornamental plants, herbaceous plants with extensive
distribution from the tropics to subtropics, and have
many fans and begonia associations (Donlan, 2002;
Ramesh et al., 2002).
Begonia multangula is one of the species that is
widespread on the islands of Sumatra, Java, Bali, to the
Lesser Sunda Islands, begonias have slightly woody
characteristics at the base, red or dark green hairs, and
round egg-shaped leaves (Kiew, 2005; Efendi et al.,
2018). Since the 17th century, many types of Begonias
have been found in many countries such as Mexico,
Central America, South America, Asia, and Africa
(Efendi et al., 2018). It was also found that some of the
benefits of this plant were found, supported by previous
research showing that Begonia sp. has antibacterial
activity against Staphylococcus aureus and Escherichia
coli (Wiriadinata et al., 2002; Undaharta et al., 2011;
Efendi et al., 2018). In addition, this plant is also
reported to contain phenolic compounds, flavonoids,
eISSN: 2550-2166

steroids, terpenoids, and alkaloids that play a role in
antibacterial and antifungal activity (Andrews, 2001;
Siregar et al., 2018). Meanwhile, other previous studies
also explained that biofilms could be controlled by
utilizing chemical compounds obtained from natural
materials (Nuryastuti et al., 2018; Karpova et al., 2019).
In general, there is not much information and research on
the health benefits of begonias. In addition, to date, there
have been no studies reporting the activity of Begonia
multangula Blume against C. albicans biofilms.
Therefore this study is to examine the health benefits of
the genus begonia. This study aimed to determine the
antibiofilm activity of Begonia multangula Blume
against the biofilm of the microorganism C. albicans
including a brief literature review and previous relevant
work with references.
2. Materials and methods
2.1 Equipment
The equipment used in this study were Laminar Air
Flow, incubator (IF-2B) (Sakura, Japan), micropipette
(Gilson, France), multichannel micropipette (Socorex,
Switzerland), microplate flat-bottom polystyrene 96 well
(Iwaki, Japan), microtiter plate reader (Optic Ivymen
System 2100-C, Spain), spectrophotometry (Genesys 10
UV Scanning, 335903) (Thermo Scientific Spectronic,
USA), autoclave (Sakura, Japan), analytical balance
(AB204 -5, Switzerland).
2.2 Materials
The materials used in this study were leaf extract of
Begonia multangula Blume with ethanol extract solvent,
isolate of C. albicans biofilm-forming standard (C.
albicans ATCC 10231) from the collection of the
Microbiology Laboratory of the Faculty of Pharmacy
UGM, Nystatin, DMSO 1%, NaCl, McFarland Standard
0.5 sterile distilled water, Sabouraud Dextrose Broth
(SDB) media, RPMI media, PBS (Phosphate Buffer
Saline) solution, 1% crystal violet, disposable gloves,
and masks.
2.3 Fungal strains
Candida albicans was grown for 72 hrs at 37⁰C in
Sabouraud Dextrose Broth (SDB). Optical density 600 of
microbial culture adjusted to 0.1 equivalent to
McFarland standard 0.5 – 1.5 × 108 CFU/mL)

2.4 Antifungal testing
The antifungal test was carried out using the
microdilution method. Tests were carried out on
microtiter plate flat-bottom polystyrene 96 wells with a
series of Begonia multangula Blume leaf extract levels,
namely 1%, 0.5%, 0.25%, and 0.125% w/v. The control
© 2022 The Authors. Published by Rynnye Lyan Resources
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2.5 Test of inhibition of biofilm formation mid-phase (24
hours) and maturation phase (48 hours) using the
microbroth dilution method
To assess the effect of the test isolates on the
formation of mono-species C. albicans biofilm, a 96well flat-bottom polystyrene microtiter plate was used
(Pierce et al., 2010). A total of 100 µL of C. albicans
suspension (107 CFU/mL) was added to each wells
microtiter plate and then incubated at±37oC for 90
minutes for the biofilm attachment phase. After the
incubation period, the plates were washed with 150 µL
of sterile distilled water three times to remove
nonadherent cells. A total of 100 L of media containing
Begonia multangula Blume leaf extract with a series
concentration (1%, 0.5%, 0.25%, 0.125% w/v) was
added to each well that had been washed. A medium
without microbial growth was used as a control medium,
and a microbial suspension was used as a negative
control. The microbial suspension was used as a positive
control, which was given antifungal nystatin at 1% w/v.
The plates were then incubated at 37°C for 24 hrs to
form the mid-phase biofilm and 48 hrs for the formation
of the maturation phase biofilm.
Then the plate was washed using distilled water
three times and dried at room temperature for 5 mins to
remove the remaining water. A total of 125 µL of 1%
crystal violet solution was added to each well to colour
the formed biofilm, both dead cells and live cells, which
are also components of the biofilm, then incubated at
room temperature. After incubation at room temperature,
the microplate was washed with running water three
times to remove the remaining crystal violet, and 200 µL
of 96% ethanol was added to each well to dissolve the
formed biofilm. Optical Density (OD) readings were
carried out with a microplate reader at a wavelength of
595 nm.
The OD value is then used to calculate the per cent
inhibition in the following equation:

The sample level that can inhibit at least 50% of
biofilm formation is considered Minimal Biofilm
Inhibition Concentration MBIC50 (Maramis et al., 2017;
Efendi et al., 2018).
eISSN: 2550-2166

2.6 Biofilm eradication activity testing
The eradication activity of the leaf extract of
Begonia multangula Blume was also examined on the
biofilm strain of C. albicans ATCC 10231 using the
previously described method. Biofilms were inoculated
in microtiter plates like that described above. After
incubation at 37oC for 48 hrs, the plates were washed
with 150 µL of sterile distilled water three times to
remove nonadherent cells. A total of 100 µL of media
containing Begonia multangula Blume leaf extract with a
concentration series (1% w/v, 0.5% w/v, 0.25% w/v, and
0.125% w/v) was added to each well that had been
prepared. Washed and then incubated again at 37oC for
48 hrs. Nystatin at a concentration of 1% w/v was used
as a positive control. After incubation, the plates were
washed three times with 200 mL of sterile PBS to
remove adhering cells. Biofilm degradation was
quantified with 125 µL 1% crystal violet solution into
each well, then incubated at room temperature for 15
mins. After incubation, the microplate was washed with
PBS, and 200 µL of 96% ethanol was added to each well
to dissolve the formed biofilm. Optical Density (OD)
readings were carried out with a microplate reader at a
wavelength of 595 nm (Ali et al., 2010).
2.7 Scanning Electron Microscopy testing

Cells were grown directly on coverslips and
incubated at 37°C for 24 hrs for the intermediate phase.
The test compound is a compound known to give
MBIC50/MBEC50 activity at a concentration of 0.5% w/v
(Hamzah et al., 2020). After the mid-phase biofilm was
formed, the coverslip was carefully washed with 1%
PBS twice, followed by washing with 2%
paraformaldehyde, 2% glutaraldehyde, 0.15 M sodium
cacodylate, and the sample was prepared for observation
under SEM. The sputter specimen was coated with a
gold layer, and the sample was observed under the JEOL
JSM-6400 Scanning electron microscopy (SEM). The
image is processed using Photoshop software.
2.8 Statistical methods
Statistical significance of the data was determined
using ANOVA, followed by a normality test using the
Shapiro - Wilk test. Differences were considered
significant with p values of 0.05 or less. The data were
analyzed using the Statistical Package for the Social
Sciences (SPSS) with a 95% confidence level.
3. Results and discussion
The biofilm formation process consists of 5 stages,
namely the first attachment of bacteria to the surface of
particular objects due to van der Walls forces. Second,
bacterial cells have been permanently attached to the
© 2022 The Authors. Published by Rynnye Lyan Resources
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object's surface due to the formation of exopolymer
material. Third, biofilms and microcolonies begin to
form. Fourth, the presence of biofilms increases and
forms a three-dimensional structure that protects cells.
Fifth, there is the dispersion of cells (separation) from
the parent biofilm to then stick to the surface of the new
object, and the process of biofilm formation occurs in
other places (Al-Fattani et al., 2006; Pratiwi et al., 2017).
3.1 Effect of Begonia multangula extract on C. albicans
planktonic cell biofilm formation
The results showed (Figure 1) that the begonia
extract had the activity of inhibiting the growth of C.
albicans planktonic cells. Begonia extract with a
concentration of 1% w/v gave the most significant
inhibitory result, which was 75%, compared to the 1%
w/v nystatin control group (70%).
In the biofilm formation phase, it can prevent the
development of the fungus C. albicans. The biofilm
structure in this phase is not yet fully formed, and the
Extracellular Polymeric Substances (EPS) matrix formed
is still tiny and thin, this test sample is antimicrobial and
can damage microbial defences (Prakash et al., 2003).

Figure 1. Inhibitory activity of planktonic with various
concentrations, ANOVA with p <0.05

3.2 Effect of Begonia multangula extract on biofilm
formation Mid-phase (24 hours) and MBIC50 maturation
phase (48 hours)
This study showed that the inhibitory power of
begonia leaves against C. albicans was 70.00±0.01 and
had almost the same activity as nystatin as a controlled
drug (60±0.01). The 50 activity of begonia leaf extract
was about 0.25% v/v (*P<0.05) (Table 1). In the middle
phase, it is easier than microbes that form biofilms in the
maturation phase. Likewise, in the maturation phase,
bacteria form a biofilm with a very thick matrix,
accordingly, the antimicrobial is rather difficult to
penetrate the target cell defences because the microbes
are wrapped and protected by the EPS matrix (Pratiwi et
al., 2020). The process of a compound inhibiting the
growth of the biofilm phase is by inhibiting the
eISSN: 2550-2166

attachment of microbes to the surface so that the
development of the biofilm is disrupted. If the biofilm
development is disturbed, it will affect the biofilm
structure to increase its defence against antimicrobials.
Table 1. IC50 and EC50 values of begonia leaf extract against
mono species C. albicans at all biofilm growth phases
(ANOVA with p<0.05)
Compound

MBIC50%v/v
MBIC50%v/v
Mid phase (24 Maturation
hrs)
Phase (48 hrs)

MBEC50%v/v
Eradication
Phase

Begonia Leaf
0.25%*
0.5%*
1%*
Extract
*significant correlation (P value<0.05). MBIC50 value is a
concentration of test compounds that can inhibit the growth of
50%. Determined by comparing the optical density between
the treatment group with the control group without drugs by
first calculating the cut-off point with the formula: (OD
control – OD blank) × 50/100

The activity in the maturation phase decreased to
(55.00±0.01) while the nystatin control was 49.00±0.01.
(Figure 2) with the MBIC50 activity value of begonia leaf
extract around 0.5% v/v (*P<0.05) (Table 1). In this
study, it was reported that there was a decrease in
biofilm inhibitory activity by Begonia multangala extract
from the middle phase (24 hrs) to the maturation phase
(48 hrs), this is because the growth time in the
maturation phase takes a long time compared to the
middle phase, to ensure that in the maturation phase
more concentration needed. The higher dose of Begonia
multangala extract inhibited biofilm growth compared to
the intermediate phase. This was due to the synergism
between bacteria with each other as well as
communication between cells in the biofilm structure
(Hamzah et al., 2020). In this phase, C. albicans has
produced an EPS matrix. This can be seen from the
bottom of the wells and the periphery of wells 96, which
is indicated by mucus adhering to the wells. In addition,
the presence of biofilm can also be seen from the process
of giving crystal violet. In this phase, the ethanol extract
will be more difficult to penetrate the defences of C.
albicans because it has already formed a biofilm, where
the biofilm structure is more complex and organized with
each other. This causes a decrease in activity in the 24-hr
phase of biofilm inhibition (Hamzah et al., 2021). In the
previous statement, the antimicrobial agents would be
more difficult to penetrate the biofilm defences (Ramage
et al., 2012; Hamzah et al., 2019). C. albicans, a major
regulator of biofilm development, is also involved in
filamentous growth, given the typical hyphal
differentiation during this process. That is the case for
Efg1 and Cph1, which positively control the expression
of genes required for hyphal growth, such as ECE1,
HYR1, HWP1, and ALS3 (Bailey et al., 1996; Harriott
et al., 2010).
© 2022 The Authors. Published by Rynnye Lyan Resources
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Figure 2. Inhibition of biofilms in the middle phase (24 hours)
and maturation phase (48 hours).

3.3 Effect of Begonia multangula extract on eradication
phase biofilm formation
The eradication phase is long in biofilm formation.
The biofilm that is formed is also more robust and works
synergistically with each other. The degradation phase
has a more robust biofilm defence than the maturation
phase. In this phase, as the composition of the EPS
matrix is very thick, it becomes extremely difficult for
antibiofilm agents to penetrate it because it takes an
adequate amount of biofilms has grown to provide the
bacteria with their nutritional needs. Microbes that form
biofilms in the degradation phase are more difficult to
destroy than those in the intermediate and inhibitory
phases. This is because the biofilm has grown long
enough that a complex biofilm defence has been formed,
embedded more deeply, and more EPS is produced that
the efficacy of the antibiotic to penetrate it decreases. In
addition, microbes have also established quorum sensing
communication to enable further protection against
antibiotic (Hamzah et al., 2018).
The eradication phase biofilm defence is stronger
than the maturation phase. As the EPS composition
perfects itself due to a longer period of biofilm growth,
the more nutrients it obtains (Hamzah et al., 2021;
Hamzah et al., 2022). The results showed that Begonia
multangula extract had inhibitory activity in the
eradication phase of biofilm formation where begonia
leaves with a concentration of 1% w/v had activity in the
degradation phase of 55.00±0.01, while nystatin was
49.00±0.01 where the MBIC50 activity value of begonia
leaf extract was around 1% v/v (*P<0.05) (Table 1).
The results in Figure 3 showed that 1% w/v begonia
extract can damage the defences in the formation of C.
albicans biofilms. This compound can break the
formation pathway between cells to reduce the number
of biofilms formed. Positive control Nystatin 1% w/v
had lower C. albicans biofilm eradication activity than
begonia extract with the same concentration. Microbes
that have formed biofilms at the maturation and
eISSN: 2550-2166

Figure 3. Biofilm eradication activity of Begonia Leaf extract

The process of a compound inhibits the growth of
the biofilm phase by inhibiting the attachment of
microbes to the surface and interferes with the
development of the biofilm (Ali et al., 2010). If the
biofilm development is disturbed, this will affect the
biofilm structure, therefore, decreasing its defence
against antimicrobials. Bacteria in the form of biofilms
differ from planktonic bacteria in various ways of
growth. One consequence is that the bacteria in the
biofilm are shown to be more resistant to antibiotics and
antimicrobials (Hess et al., 2012). Increased Candida
infection in the biofilm causes and contributes to high
antifungal resistance and escape from host defences,
resulting in persistent infection (Olszewska et al., 2020).
The decrease in activity in the degradation phase was
due to biofilm formation in this phase being longer than
the intermediate phase. This caused the formation of C.
albicans biofilms to be more complex and structured,
enabling more EPS matrix produced to protect C.
albicans microbes (Hamzah et al., 2021).
These results are by the conditions during the
biofilm development process. The middle phase is where
the biofilm begins to form and begins to protect the
planktonic cells from the outside environment.
Furthermore, in the maturation phase, the biofilm formed
was good, and the EPS matrix became thicker difficult to
penetrate by interfering with the compounds used.
Therefore, this phase is good enough to protect
planktonic cells from the outside environment. The
ability to form biofilms is one of the virulence factors of
C. albicans that can lead to increased tolerance to
antibiotics and disinfectants as well as resistance to
phagocytosis and other immunocompetent cells (Høiby
© 2022 The Authors. Published by Rynnye Lyan Resources
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eradicate. This is because the formation of the EPS
matrix and its physiology is complete and has sufficient
thickness to protect microorganism cells from the
external environment. In addition, it has been formed
between microorganisms in the biofilm by quorum
sensing.
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et al., 2010).
These findings indicate that begonia leaves have the
potential to be developed as antibiofilm agents. Further
research can be carried out to determine the composition
of begonia leaf components and the mechanism of action
or their components as antibiofilm, especially saponins.
Saponins are polar surfactants that will reduce the
surface tension of the sterol membrane of the cell wall of
C. albicans, thus causing membrane permeability
disturbances which results in the entry of materials or
substances needed can be disrupted. Eventually, the cells
swell and burst. It is affirmed that antibiotics can affect
bacteria through bactericidal, such as inducing
morphological changes (Hamzah et al., 2022).

cannot penetrate target cells (Coleman et al., 2010).
4. Conclusion
This study concluded that Begonia multagula Blume
leaf extract could inhibit the growth of C. albicans
biofilm. Begonia multagula Blume leaf extract can be
developed as a candidate for a new antibiofilm agent
against the fungal biofilm of C. albicans. This is
evidenced in the results of research where some graphic
results show above 40%, which means this extract can be
developed into an antibiofilm agent.

3.4 Results of Scanning Electron Microscopy
polymicrobial biofilm of the fungus Candida albicans
before administration of begonia leaf extract
The fungus has already formed a highly structured
and complex biofilm (Figure 4a). This causes the
compound to have difficulty providing maximum
inhibition due to the thickness of the EPS matrix that
protects the C. albicans biofilm. The biofilm structure is
very complex, consisting of 3 layers, the innermost or
connective layer that adheres to the surface of the tissue
material, the bottom layer in which there are adhering
microorganisms and an outer layer called the surface
layer. It can be used as an entry point for planktonic
organisms (Beiko et al., 2004). More than 90% of
clinical isolates produce C. albicans with a
polysaccharide capsule or thin membrane that plays a
role in bacterial virulence (Chaerunisa, 2015).
Administration of begonia leaf extract 0.5% w/v
(Figure 4b) to the fungal biofilm resulted in a decrease in
the number of cells indicated by the cells becoming
broken and hollow produce biofilms do not become
scattered. This is because the administration of begonia
leaf extract tested destroys the bacteria. After all, its
active compounds can attack the EPS matrix of C.
albicans. The secondary compounds possessed by
begonia leaves can provide support in its working
mechanism, namely, saponins can diffuse through the
outer membrane and cell walls of susceptible bacteria
and then bind to the cytoplasmic membrane as it disrupts
and reduces cell stability. This causes the cytoplasm to
leak out of the cell resulting in bacterial cell death
(Taufik et al., 2015). Saponin compounds are responsible
for this activity. Where its activity is faster than the
growth of biofilm, which causes the biofilm the be
unable to form a complex structure that can produce
more matrix Extracellular Polymeric Substances (EPS),
which would consequently provide a strong defense
against C. albicans, because the compounds in the drug
eISSN: 2550-2166

(a)

(b)
Figure 4. Scanning Electron Microscopy (SEM) images of the
fungus C. albicans treated before administration of the test
compound, (a); after administration of begonia leaf extract (b)
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