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	 Schefflera elliptica leaves contain secondary metabolites such as flavonoids, tannins, 
and saponins that have the potential as antibiofilm agents. Biofilms produced by Staphylococcus 
aureus are often the cause of chronic infections, especially on wounds and medical devices such 
as catheters. Antibiofilm activity of plant extracts is promising as an adjuvant or alternative 
therapy. The purpose of this study was to determine the antibiofilm activity of ethyl acetate 
extract of S. elliptica leaf against clinical isolates of S. aureus. This study is an analytical 
study with a laboratory experimental design to determine antibiofilm activity. The research 
samples were 18 clinical isolates of S. aureus obtained from patients undergoing examination 
at the hospital from June 2022 to December 2022. The research was carried out using the 
stages of sample preparation, extract preparation, biofilm assay with microtiter plate, and 
antimicrobial test with disc diffusion test method. The results of this study showed that the 
extract of S. elliptica leaf was able to reduce the average biofilm formation by clinical isolates 
of S. aureus significantly (p<0.001), both at doses of 10 µL (reduced by 12%) and 20 µL (reduced 
by 56.7%). Despite having antibiofilm activity, a disc diffusion test with a dose of 20 ul extract 
of S. elliptica leaf showed no or minimal antimicrobial activity against clinical isolates of S. 
aureus. Overall, the results of this study indicate that the extract of S. elliptica leaf has the 
potential as an antibiofilm agent against S. aureus. The results of this study are expected to be 
the basis of further research for the development of antibiofilm from natural materials.
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	 Herbal plants in Bali have long been 
recognized for their medicinal properties, 
particularly their antibacterial effects. The 
traditional Balinese medicine system, known as 

Usadha, utilizes a variety of local plants that have 
been documented for their therapeutic benefits, 
including their antibacterial effects against various 
pathogens. Ethnobotanical studies highlight 
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the traditional applications of various plants, 
emphasizing their roles in treating ailments such 
as diarrhea and infections, thus underscoring the 
importance of plants in local healthcare practices.1 
	 One notable plant is Leaves of Schefflera 
elliptica, also known as Tulak wood plant in 
Indonesia, which has been traditionally used in 
Bali for its purported ability to repel negative 
influences and used in folk medicine for their 
potential antimicrobial and anti-inflammatory 
properties. Recent studies have begun to explore 
its phytochemical content and its antibacterial and 
antioxidant activities, revealing promising results 
that support its traditional uses.2

	 The study aligns with broader research 
indicating that many herbal plants contain 
bioactive compounds that exhibit antibacterial 
properties, which can be crucial in combating 
antibiotic resistance.3 This plant is easily found 
in Indonesia, particularly in Bali. Recent studies 
have highlighted the bioactive compounds in this 
plant, such as flavonoids, tannins, and saponins, 
suggesting its potential application in combating 
bacterial infections.2,4 
	 Schefflera elliptica (S. elliptica) leaf 
extract is known to have the ability to act as 
an antimicrobial in certain doses, particularly 
in Staphylococcus aureus (S. aureus).4 This 
antimicrobial agent can work by inhibiting biofilm 
formation, disrupting the extracellular matrix of 
biofilms, or killing bacterial cells that reside within 
the biofilm. 
	 Biofilms produced by S. aureus are 
causative agents of chronic infections, especially 
in wounds and medical devices such as catheters.5 
Biofilm-associated persistent infections are not 
easy to treat because they are related to the nature of 
resistance to many drugs; moreover, in multidrug-
resistant bacteria such as methicillin-resistant S. 
Aureus (MRSA).6 The low efficiency of various 
treatments and the toxicity of antibiotics available 
in vivo prompted researchers to research effective 
natural antimicrobial and antibiofilm agents. 
	 The antimicrobial effect of a plant extract 
may extend to antibiofilm activity, as many 
antimicrobial agents are capable of inhibiting 
not only planktonic bacterial growth but also the 
formation and persistence of biofilms. This dual 
action highlights the potential of plant extracts 
as effective agents against both free-living and 

biofilm-associated bacteria. For instance, Piper 
betle exhibits significant antibacterial activity 
against oral pathogens, suggesting that various 
herbal plants can serve as sources for new 
antibacterial agents.7 Chinese eucalyptus oil gel 
was also known as an antimicrobial agent.8 
	 Antibiofilm activity from plant extracts 
is very promising as an adjuvant or alternative 
therapy. Natural product-based antibiofilm extracts 
are more efficient and have fewer side effects 
than other chemically synthesized antibiotics.9,10 
Another study revealed that plant extract from 
Paederia foetida leaves has antibacterial and 
antibiofilm activity against Escherichia coli and 
Mycobacterium smegmatis.11 The result is in line 
with the larger trend of treating medical conditions 
with traditional herbal treatments, especially in 
places where resistance is rampant and access to 
synthetic antibiotics may be restricted.12 
	 While the antibacterial potential of S. 
elliptica has been confirmed, no studies have 
been reported regarding the activities of the plant 
extract against the clinical isolate of S. aureus. Such 
information is crucial to elevate the potential of S. 
elleptica to combat biofilm formation, especially 
against clinical isolates. 
	 The purpose of this study is to determine 
the antimicrobial and antibiofilm activity of the 
ethyl acetate extract of S. elliptica against the 
clinical isolate of S. aureus. Clinical isolates are 
isolates obtained from samples of patients infected 
with bacteria. 

MATERIALS AND METHODS

Research design
	 The purpose of this analytical investigation 
was to ascertain the antibiofilm and antibacterial 
activity of S. elliptica leaf extract in the clinical 
isolate of S. aureus using a laboratory experimental 
approach. 
Population and Sample
	 The target population of this study was 
the clinical isolate of patients with infection or 
colonization of S. aureus. The population was 
the clinical isolate of patients with infection or 
colonization of S. aureus who were treated at 
Sanjiwani Hospital, Gianyar, Bali, Indonesia. 
The study sample was patients with S. aureus 
infection who were hospitalized from June 2022 
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to December 2022. The inclusion criteria of this 
study were S. aureus isolate taken from the culture 
of patients infected with the germ. The exclusion 
criteria were the isolates that did not produce 
biofilm.
Collection of Schefflera elliptica
	 Healthy S. elliptica leaves were collected 
from Gerih Village, Bali, Indonesia. The green 
mature leaves were selected as they are believed 
to contain a high concentration of phytochemicals 
with potential bioactive properties. To determine 
the plant’s identity during the study, the leaves 
were sent to the National Research and Innovation 
Agency (BRIN), Candikuning, Tabanan, Bali.
Extraction of Schefflera elliptica
	 Extraction was the initial process used 
to isolate the desired natural compounds from 
raw materials. Common techniques for extraction 
include solvent-based methods, distillation, 
pressing, and sublimation, depending on the 
principles underlying each method.13 The method 
chosen to extract S. elliptica in this study was 
maceration. Although it takes a longer time and 
has low efficiency, it is stable for thermolabile 
components.13

	 The making of simplicia started from the 
determination of the plant, and then 1 kg of leaves 
was washed and dried by aeration for 2 days. Then, 
the leaves were dried in the oven at a temperature 
of 40-60°C for 6 hours. The dried leaves were 
blended into powder and then sifted using a 60-
mesh sieve until as much as 100 g of powder was 
obtained. The powder was macerated with 1,000 ml 
of ethyl acetate solvent for 3x24 hours by changing 
the solvent every day. The filtrate was stored in a 
container, and the residue was re-macerated for 
the next 24 hours. The filtrate that had been stored 
was evaporated on a rotary evaporator to remove 
the solvent until it formed a viscous extract. This 
viscous extract was used for antibiofilm testing.2,4 
Sample preparation
	 Preparation of Mueller Hinton Agar 
(MHA) Media and Bacterial Suspension were 
done initially. MHA powder was weighed and 
then dissolved in 1 L of aqueduct on Erlenmeyer, 
stirred and boiled on a hotplate, then sterilized on 
an autoclave at 121°C for 15 minutes. Next, the 
sufficiently cooled medium is poured into a petri 
dish and placed in an incubator at a temperature 
of 37°C.14 After the culture was carried out and 

confirmed to be pure, the process continued with 
a biofilm test. 
Biofilm assay
	 Biofilm assay using microtiter plate 
(MTPs) was chosen since it is practical, has 
high throughput, and low cost compared to other 
methods; however, it also has limitations, such as 
the variability of the result.15,16

	 The steps included preparing the MTPs 
to place the suspension. The process began by 
inoculating the bacteria from the culture in a 1% 
glucose liquid and saline buffer phosphate (PBS) 
with a pH of 7 as much as 3 ml and transferring a 
suspension of 200 microliters into the wells in all 
the MTPs. The step was conducted for all samples, 
with each sample triplicated. In each microtiter 
plate, there was a positive control (1% liquid 
glucose and saline buffer phosphate (PBS) with the 
addition of chloramphenicol) and a negative control 
(1% glucose liquid and saline buffer phosphate 
(PBS) with the addition of ethyl acetate without 
extraction). Optimization has been carried out.
	 S. elliptica leaf extract, as many as 10 ul 
and 20 ul, respectively, are added to each bacterial 
suspension as described above and continue with 
incubation. Based on previous research on the 
antibacterial activity of ethanol and ethyl acetate 
extract of S. elliptica leaf showed inhibition of 
S. aureus at concentrations of 50 ìg, 100 ìg and 
200 ìg.4 The selection of dosage was adjusted 
according to the optimization results since there 
was no previous research on antibiofilm activity. 
Later, the results of the formation of biofilms will 
be compared from all the microtiter plates.
	 Negative controls just used the medium 
and bacteria, while positive controls used the 
antibiotic chloramphenicol. There are positive 
and negative controls for every MTP. A readout 
followed the biofilm test. After that, rinse each well 
with Aquabidest and discard the leftover solution. 
For five minutes, 200 microliters of 0.1% crystal 
violet were used to stain the biofilm cells that 
were affixed to the well. After washing, the plate 
is dried once more. Using an ELISA microplate 
reader, assess the intensity of the crystal violet 
fluorescence after adding 200 microliters of 30% 
acetic acid to each well and letting it dissolve for 
five to fifteen minutes.17–19

Antimicrobial Activity test
	 Antimicrobial susceptibility testing was 
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done using a disc diffusion test.20,21  The suspension 
of S. aureus bacteria that had been normalized 
with a density of 0.5 McFarland (about 10x  CFU/
mL) was inoculated evenly on the surface of MHA 
media.
	 A total of 20 ìL of S. elliptica leaf extract 
was placed on a sterile filter disc, and then the 
disc was placed on the agar surface that had been 
inoculated with bacteria. Antibiotic positive discs 
(chloramphenicol) and negative control discs 
(without extracts) are also placed on top of agar 
for comparison of results.
	 After the disc is placed in the bowl, 
the plate is incubated at 37°C for 18-24 hours to 
allow the growth of bacteria and the formation of 
an inhibition zone around the disc containing S. 
elliptica extract.
	 After the incubation period, the inhibition 
zone is measured using a ruler with precision down 
to the millimeter (mm). The formed inhibitory zone 
showed the presence of antimicrobial activity from 
S. elliptica leaf extract against S. aureus. The larger 
the diameter of the inhibition zone, the stronger the 
antibacterial activity of the extract.
Statistical Analysis
	 Two phases of analysis are then performed 
on the gathered data. First, each variable’s features 
were described using descriptive statistical analysis. 
Relative frequencies (numbers and percentages) are 
used to represent the data variables. Before doing 
the next step, it is necessary to conduct a data 
normality test. The second step was comparing the 
production of biofilms in bacterial suspensions with 

and without the addition of two different amounts 
of S. elliptica leaf extract. A paired T-test was used 
to compare the average of each treatment in order 
to perform the analysis.
	 SPSS software for Windows version 29 
was used for all data analysis. The 95% confidence 
interval value determines the precision value, and 
the meaning limit is set at p<0.05.

RESULTS

	 The collected sample consisted of 18 
isolates of S. aureus. Samples were obtained from 
patients of various ages, and the highest age range 
was 46-65 years, as many as 44.4%. The most 
common specimen was from wound (wound bed 
swab, tissue, and pus) with 8 samples (44.4%), 
followed by blood with 6 samples (33.3%), and 
sputum 4 (22.2%). The most dominant diagnoses 
were skin infection and pneumonia, as much as 6 
(33.3%). 
	 There were 4 (22%) isolates of Methicillin-
Resistant Staphylococcus aureus (MRSA). This 
amount is in the average range of MRSA infections 
in hospitals in Indonesia, which ranges from 0.3 to 
52% depending on the setting.22 In general, MRSA 
infections are considered more difficult to treat 
because they have more virulence factors and the 
potential for more serious complications.23 
	 Biofilm tests on samples showed that 
100% of the 18 isolates formed a biofilm after 
incubation for 48 hours at 37°C in a 1% glucose 
solution. By measuring optical density using 

Table 1. Descriptive Statistics of Biofilm Production

Treatment		                       Biofilm Production
	 Minimum	 Maximum	 Mean	 Std. deviation

Without Extract	 0.087	 0.117	 0.092	 0.007
Extract 10 ul	 0.070	 0.093	 0.081	 0.007
Extract 20 ul	 0	 0.090	 0.040	 0.031

Table 2. The Significance Level of Difference

Paired T-test	 Mean    	          95% Confidence Interval	                    Significance
		  lower	 upper	 One-Sided p	 Two-Sided p

Without extract - Extract 10ul	 11.111	 5.755	 16.467	 <.001	 <.001
Without extract - Extract 20 ul	 52.611	 36.279	 68.943	 <.001	 <.001
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Fig. 1. Comparison of Biofilm Production in S. aureus Clinical Isolates with and without S. elliptica Leaf Extract

an ELISA reader, the average biofilm formed 
was 0.093. The lowest score was 0.087, and the 
highest was 0.117. The result is in line with several 
studies that state that S. aureus bacteria are biofilm 
producers.17,18

Antibiofilm activity
	 The results of this study showed that 
S. elliptica leaf extract was able to reduce the 
formation of biofilm by S. aureus, both at doses 
of 10 ìL and 20 ìL. Testing was carried out using 
crystal violet, which measured the thickness of the 
biofilm formed on the glass surface after the extract 
treatment and was measured using an ELISA 
reader. The results can be seen in Figure 1.
	 At a dose of 10 ìL, there was an average 
decrease in biofilm formation by 12%, while at a 
dose of 20 ìL, there was an average decrease in 
biofilm formation by 56.7%, as seen in Table 1. 
	 The average decrease in biofilm formation 
was proven to be significant (p<0.001), as noted 
in Table 2. At higher doses of extract, a reduction 
in biofilm formation occurred more substantially, 
suggesting that higher doses provided a more 
effective effect in inhibiting biofilm formation 
by S. aureus. In many antibiofilm studies, the use 

of higher doses or more concentrated extracts 
increases the activity of its antibiofilm.24

Antimicrobial activity
	 The results of the Disc Diffusion test 
showed that S. elliptica leaf extract with a dose of 
20 ìL had minimal antimicrobial activity against 
the clinical isolate of S. aureus. As many as 61.1% 
of the samples did not show an inhibition zone 
on the growth medium. The remaining 33.3% 
showed a minimum inhibition zone of 6-8 mm, 
and 1 sample (5.6%) showed a moderate inhibition 
zone, which was 11 mm. Although an inhibitory 
zone was formed, these results were relatively 
smaller compared to the positive control disc, 
which suggests that the effectiveness of the extract 
at this dose was quite limited.
	 In S. aureus ATCC, the extract also 
showed no clear inhibitory zone, as seen in  
Figure 2.

DISCUSSION

Antibiofilm activity
	 S. aureus is known as an opportunistic 
pathogen that can form biofilms on both intracellular 
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and intracellular surfaces, which contributes to 
resistance to antibiotic therapy and increases its 
virulence. Biofilm formation makes treatment 
more challenging, particularly for patients with 
chronic wounds and those who use devices like 
IV catheters, central venous catheters, pacemaker 
implants, and urinary catheters. Furthermore, if the 
wound area is not adequately cleaned, biofilm will 
build and impede the healing process.
	 The formation of biofilms by S. aureus 
in the clinical setting is very difficult to overcome 
and is closely related to chronic infections, such 
as diabetic wounds, endocarditis and urinary 
tract infections.25,26 The infection will be more 
complicated if MRSA causes the infection, and 
the prevalence is considered high in big cities in 
Indonesia. It might be higher in the following years 
without interventions.22

	 N a t u r a l  c o m p o u n d s  h a v e  b e e n 
instrumental in the creation of new pharmaceutical 
drugs including as antibiofilm and antibiotic.27,28 
The search for natural antimicrobial as well as 
antibiofilm agents, such as medicinal plants, has 
become very relevant in efforts to overcome the 
problem of antibiotic resistance.29–31 Many natural 
ingredients have been tested and are known to 
have antibiofilm properties, such as aloe vera, and 
Launaea nudicaulis (L.) Hook, Myrtus communis 
L. leaves essential oil and Equisetum hyemale 32–35. 

	 This research aimed to assess the 
efficacy of S. elliptica leaf extract as a plant-based 
antibiofilm agent against a clinical isolate of S. 
aureus. The method chosen to extract S. elliptica 
in this study was maceration, which took a longer 
time and had low efficiency but considered stable 
for thermolabile components in the leaves.13 This 
research is carried out quite simply, but it is hoped 
that it can be a foundation for development in the 
future.
	 This study revealed that the administration 
of S. elliptica leaf extract can reduce the formation 
of biofilms, and this was also directly proportional 
to the dose used. The bioactive content in S. 
elliptica bring the stronger potential abilities, such 
as flavonoids, alkaloids, and terpenoids, which 
are known to have antimicrobial and antibiofilm 
activity.2,4,36 These compounds can interfere with 
the mechanism of biofilm formation by affecting 
the expression of genes related to bacterial cell 
adhesion and the production of extracellular matrix 
biofilms.37 
	 The administration of S. elliptica leaf 
extract in two different doses showed a significant 
difference in S. aureus’s ability to inhibit biofilm 
formation. A dose of 20 ìL results in a greater 
decrease in biofilm, indicating that higher 
concentrations of S. elliptica leaf extract has a 
stronger antibiofilm potential. This was in line with 
research conducted on Pseudomonas aeruginosa 
PAO1 using Artocarpus heterophyllus Lam. or 
jackfruit which showed antibiofilm effects at doses 
of 2.5 mg/ml and 1.25 mg/ml compared to other 
smaller doses (ranging from 5 to 0.009 mg/ml).38 
	 This decrease in biofilm formation in 
S. aureus may also be related to the ability of S. 
elliptica leaf extract to decrease the interaction and 
communication between bacterial cells, which is 
essential for the process of aggregation and stable 
formation of biofilm layers, known as quorum 
sensing.35,39

	 Although the results obtained show 
good antibiofilm potential,40 the effect of a more 
significant higher dose is related to toxicity to the 
host cell. Further research is needed to evaluate the 
toxicity and safety profile of S. elliptica extract, 
both at high doses and at long-term use.
Antimicrobial activity
	 The results of the Disc Diffusion test 
showed that S. elliptica leaf extract with a dose of 

Fig. 2. Absence of a distinct inhibition zone in S. 
aureus ATCC compared to the positive control
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20 ìL had minimal antimicrobial activity against the 
clinical isolate of S. aureus. Although S. elliptica 
leaf extract contains bioactive compounds such as 
flavonoids and terpenoids that have been shown 
to have antimicrobial activity, its effectiveness in 
inhibiting bacterial growth may be affected by the 
lower concentration of the extract.28 A dose of 20 ìL 
might be too low to achieve a minimum effective 
concentration in inhibiting bacterial growth. 
Tests must be conducted at higher doses or using 
more powerful extraction methods to increase the 
effectiveness. A previous study with pomegranate 
peel extract showed a wider inhibition zone at 
higher doses.41

	 Previous studies with the same extract 
showed antimicrobial effects in certain doses. 
However, it was not done in clinical isolates.4,36 
Some of the bioactive compounds in S. elliptica leaf 
extracts may not be effective enough in inhibiting 
S. aureus directly at the doses used, or those 
compounds may take longer to show significant 
antimicrobial effects, especially in clinical isolates. 
	 Another reason could be that the disc 
diffusion test is a qualitative method that provides 
an overview of antimicrobial activity. However, 
the results obtained do not always reflect the 
true antibacterial potential when compared 
to another test, such as the epsilometer test42 
or quantitative tests, such as MIC (Minimum 
Inhibitory Concentration).43,44

Limitation
	 This study has limitations, including 
variability in extraction techniques affecting 
bioactive component efficacy, genetic and 
phenotypic differences among S. aureus strains, a 
limited number of isolates, and a potentially narrow 
concentration range for determining optimal 
efficacy.

CONCLUSION

	 S. elliptica leaf extract has the potential 
as an antibiofilm agent against clinical isolates of 
S. aureus. The higher dose (20 ìL) provides a more 
significant effect in reducing biofilm formation, 
which suggests that S. elliptica leaves may be an 
alternative candidate in the development of plant-
based antibiofilm therapy. Further research on the 
mechanism of action of S. elliptica leaf extract, as 
well as its toxicity and clinical effectiveness tests, is 

urgently needed to ascertain its therapeutic benefits 
in the treatment of biofilm-related infections. 
Antimicrobial tests using the Disc Diffusion 
method showed that S. elliptica leaf extract had 
the potential to inhibit the growth of S. aureus, but 
its antibacterial effect at a dose of 20 ìL was still 
limited, as seen from the inhibition zone formed, 
which was quite minimal. Further research with 
higher dose variations and the use of quantitative 
test methods such as MIC is needed to further 
evaluate the antibacterial potential of S. elliptica 
leaf extract.
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