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Abstract. The Staphylococcus aureus biofilm formation can increase antibiotic resistance in chronic 
diseases including wound infections. In a biofilm state, susceptibility to antibiotics is reduced, making 
it more difficult to eradicate bacteria. Watercress (Nasturtium officinale) is known to contain compounds 
that have the potential to be antibacterial and antibiotic agents. This study aims to determine the 
inhibition activity of the formation and degradation of Staphylococcus aureus biofilm from watercress leaf 
ethanol extract with concentrations of 1%, 5%, and 25%, as well as to determine the content of 
antibiofilm compounds in the extract. Nasturtium officinale ethanol extract is obtained by remaceration. 
Antibiofilm testing was performed with Microtiter Plate Biofilm Assay, and ciprofloxacin was used as a 
positive control. The results of the one-way anava test showed differences in activity both in inhibition 
of formation and degradation of Staphylococcus aureus biofilm. The extract with a concentration of 
25% provided the greatest activity, which was 63.00% inhibition of biofilm formation and 52.77% 
biofilm degradation. Flavonoid compounds, phenolics, tannins, saponins, and steroids in the extract 
have the potential to provide activity.    
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1. Introduction 
Biofilms are an organized population of bacteria, in which their cells are attached to a 

biotic or abiotic surface and are lined by an extracellular matrix. Extracellular matrix or 
Extracellular Polymeric Substance (EPS) functions as an adhesive and facilitates the survival of 
biofilms in hostile and even extreme environments  [1]. Currently, it is estimated that 80% of 
infections are caused by biofilms. Therefore, biofilms are considered to be a major factor in 
persistent chronic infectious diseases [2]. Staphylococcus aureus bacteria have the ability to form 
biofilms. This is due to proteins that facilitate adhesion or attachment to the host surface 
tissue [3]. The biofilm that forms is followed by an increased population density of bacteria, 
encouraging the bacteria to produce signaling molecules that induce drug resistance 
mechanisms. Resistant bacteria can reduce the level of antibiotic efficiency, so it can affect 
the management of treatment.  

The use of antibiotics can be minimized by utilizing bioactive compounds contained in 
natural ingredients [4]. Watercress (Nasturtium officinale) is reported to have benefits not only 
as a functional food, but also shows benefits as an antioxidant[5], antifungal [6], antibacterial 
[6], [7], anticancer[8]. Watercress contains compounds such as flavonoids, phenolics, steroids, 
tannins, and saponins [9] which are reported to have the potential to provide biological 
activity. 

Research by Hakim et al., [10] on the polyphenol compound test of watercress ethanol 
extract against the antibacterial activity of Pseudomonas aeruginosa and Staphylococcus aureus, 
reported that the content of the resulting polyphenol compounds functioned as antibacterial 
[11]. The results proved that at the highest concentration of watercress ethanol extract of 1 
mg/mL, it produced an inhibition in Staphylococcus aureus bacteria of 8.98 mm.  
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Research on the antibiofilm activity of watercress leaf ethanol extract on Staphylococcus 
aureus bacteria has never been reported. Therefore, this study aims to determine the 
antibiofilm activity of watercress leaf ethanol extract in Staphylococcus aureus bacteria. As well as 
to find out the content of compounds that have the potential as antibiotics in watercress leaf 
ethanol extract. 

2. Method 
This research uses a laboratory experimental research design (true experiment). The 

population of this study is Staphylococcus aureus bacteria and the sample of this study is in the 
form of Staphylococcus aureus biofilm grown in microplates. The samples were divided into 6 
groups, namely the watercress leaf ethanol extract treatment group (1%, 5%, and 25%), 
positive control (ciprofloxacin 0.05%), negative control (DMSO), and growth control. Each 
sample group has 4 replications in one microplate. 
Materials and tools 

The ingredients used are watercress leaves, Staphylococcus aureus bacteria, H2SO4, 
CH3COOH, K2Cr2O7, Mg powder, concentrated HCl, amyl alcohol, Bouchardat reagent, 
Mayer reagent, Hager reagent, FeCl3 1%, gelatin 1%, NaCl 10%, anhydrous acetic acid, 
chloroform (MERCK), methanol (MERCK), ethyl acetate (MERCK), formic acid, glacial 
acetic acid, n-hexane (MERCK), Mannitol Salt Agar (MSA), Nutrient Agar (NA),  Brain Heart 
Infusion Broth (BHIB), aquadest, 1% violet crystal solution, ethanol (MERCK), ciprofloxacin, and 
DMSO (MERCK). The research tools used are autoclaves, incubators, LAF, multimode readers 
(Sinergy HTX), microplates. 
Extraction 

The research began with the preparation of watercress leaf dry powder and then an 
extraction process was carried out using the re-maceration method for 3 days, using 70% 
ethanol solvent. The resulting filtrate is concentrated using a rotary evaporator and water bath 
at a temperature of 50°C. The thick extract will be obtained and then the yield will be 
calculated. The extracts obtained were subjected to ethanol-free testing and then continued 
with phytochemical and TLC screening tests. This test was carried out on several groups of 
compounds, including flavonoids, phenolics, tannins, saponins, steroids, triterpenoids, and 
alkaloids. 
Antibofilm Activity Test 

Activity testing begins with the optimization of biofilm formation time, using a bacterial 
suspension that has been standardized to the McFarland 1/2 standard. Each inlet on the 
microplate was filled with BHIB media and a bacterial suspension of 70 μL each, incubated 
with time variations of 24, 48, 72, and 96 hours at a temperature of 37°C. The incubated 
microplate is washed with aquadest three times. Each well is filled with 200 μL of 1% violet 
crystal, incubated at room temperature for 15 minutes. The microplate is washed again three 
times and allowed to dry. Then, each well was added 200 μL of 96% p.a ethanol and incubated 
for a duration of 15 minutes at room temperature. Microplate readings of OD values were 
carried out with a multimode reader device at a wavelength of 595 nm [12]. 
The Biofilm Inhibition Test 

The test of inhibition of biofilm formation used microplates filled with BHIB media, 
bacterial suspension, and samples with concentrations of 1%, 5%, and 25% of 70 μL, 
respectively. Furthermore, the microplate is incubated at a temperature of 37°C during the 
optimal incubation time. After the incubation period, the microplate is washed using aquadest 
three times. To each well, 200 μL of 1% violet crystal is added, incubated for 15 minutes at 
room temperature. The microplate is washed again three times and allowed to dry. Then, each 
feed was added 200 μL of 96% p.a ethanol and incubated for 15 minutes at room temperature. 
Microplate readings of OD values were carried out using a multimode reader tool at a 
wavelength of 595 nm [12]. 
The Biofilm Degradation Test 

The biofilm degradation test is carried out by forming a biofilm first on a microplate. The 
biofilm is formed by filling the microplate with BHIB media and a bacterial suspension of 70 
μL. Furthermore, the microplate is incubated during the optimal incubation time at a 
temperature of 37°C. The incubated microplate is washed using aquadest. In each drain, samples 
were added with concentrations of 1%, 5%, and 25% of 70 μL, respectively.  
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In positive and negative controls, they were given the same treatment, then re-incubated 
for 90 minutes at a temperature of 37°C.  It was followed in the same way in the test of 
inhibition of biofilm formation to determine biofilm destruction activity[12]. Based on the 
results of the OD value obtained, then the percentage of antibiofilm activity was calculated 
with the following equation [13]. 

%  𝑨𝒏𝒕𝒊𝒃𝒊𝒐𝒇𝒊𝒍𝒎 𝑨𝒄𝒕𝒊𝒗𝒊𝒕𝒚 =  (𝟏 − 
(𝑺𝒂𝒎𝒑𝒍𝒆 𝑶𝑫 − 𝑺𝒂𝒎𝒑𝒍𝒆 𝒃𝒍𝒂𝒏𝒌 𝑶𝑫)

(𝑪𝒐𝒏𝒕𝒓𝒐𝒍 𝑶𝑫 − 𝑪𝒐𝒏𝒕𝒓𝒐𝒍 𝒃𝒍𝒂𝒏𝒌 𝑶𝑫)
 ) x 100% (1) 

3. Results and Discussion 
This study used 300.28 grams of watercress leaf simplicia powder and produced a thick 

extract of 89.9726 grams, resulting in a yield of 29.96%. Based on the research of Amanda 
and Raharjo [14] the extraction of watercress simplicia using 70% ethanol produced more 
extract yields than extraction using 96% ethanol [5]. In addition, simplicia sifted with a 30/40 
mesh showed a medium degree of fineness, resulting in a wider surface contact with the filter 
fluid and more maximal compound extraction. 

The condensed extract obtained is then tested for ethanol to ensure that the extract does 
not contain ethanol at all, as the ethanol residue left behind can affect the results of the 
antibiofilm activity test. The test results can be described in Table 1. 

Table 1. Ethanol Free Test of Watercress Leaf Extract. 

Reagents Positive Results 
(based on Library) 

Test Results Remarks 

glacial acetic acid + 

H2SO4 → heated 

Construction ester (-) 
Typical smell of the 

extract 

Extracts do not 
contain ethanol 

H2SO4 + K2Cr2O7 Green/blue solution (-) 
Blackish brown 

Extracts do not 
contain ethanol 

 
The identification of the compound content of watercress leaf ethanol extract was carried 

out by phytochemical screening test as a preliminary test and an affirmation test with Thin 
Layer Chromatography (TLC). The results of the study show that the extract contains 
flavonoid compounds, phenolics, tannins, saponins, and steroids presented in Table 2.  

Table 2. Results of Phytochemical Screening and TLC Test of Watercress Leaf Extract. 
Compound Groups Test Results 

Flavonoid + 
Phenolic + 

Tanin + 
Saponin + 
Steroid + 
Alkaloid - 

* (+) indicates the presence of compound content, (-) indicates the absence of compound 
content. 

 
Figure. 1 presents a positive result of Staphylococcus aureus bacteria with colonies produced 

in the circular MSA media protruding having a golden yellow color. MSA media is highly 
selective against Staphylococcus aureus  bacteria because it contains mannitol and phenol red pH 
indicators. The ability  of Staphylococcus aureus bacteria to ferment mannitol will produce an acidic 
atmosphere, so that the pH of the medium will decrease and change the color of the phenol red 
indicator which was originally red to yellow [15].  

 

    
Figure 1. Identification Results of Staphylococcus aureus Bacteria. 
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The results of the optimization of biofilm formation time are shown in Figure. 2. Time 
optimization aims to determine the ideal time needed by Staphylococcus aureus bacteria to form 
a good biofilm. The highest result of Staphylococcus aureus bacterial biofilm formation is 72 
hours, so that this time is the optimal time as an incubation time in testing antibiotic activity. 
In line with the research of Besan et al., [16] the optimal time for the formation of Staphylococcus 
aureus biofilm is at an incubation time of 72 hours [17]. The decrease in biofilm density on the 
fourth day is influenced by the stage of biofilm formation which enters the stage of dispersion 
or release from the biofilm, so that the number of biofilm colonies contained in  the microplate 
well will be reduced [19]. 

 

 
Figure 2. Results of Optimization of Staphylococcus aureus Biofilm Formation Time. 

 
Testing of the activity of inhibiting the formation of biofilm was carried out to determine 

the ability of watercress leaf extract to inhibit the formation of Staphylococcus aureus bacterial 
biofilm  at the stage of attachment and growth of bacterial cells. Meanwhile, the biofilm 
destruction activity test aims to determine the ability of watercress leaf extract to destroy 
biofilms that have been formed. The increase in concentration is directly proportional to the 
increase in the number of compounds, so that the activity produced is also greater in 
inhibiting and destroying biofilms. The results of antibiofilm activity are presented in Fig. 3. 

      
(a)  (b) 

Figure 3. (a) Biofilm Formation Inhibition Activity Test, (b) Biofilm Degradation Activity 
Test of Watercress Leaf Extract 

 
According to Famuyide et al. [20],the activity of antibiotics is good and effective if the 

percentage produced ≥ 50% and for the percentage of 0-49% can be said to be low [20]. 
Therefore, the results of the antibiofilm activity test from watercress leaf extract against 
Staphylococcus aureus bacteria were good at a concentration of 25%. 

The content of active compounds in watercress leaf extract that can play a role in 
inhibiting the formation of biofilms is flavonoid and tannin compounds with an action 
mechanism that inhibits the work of the Polysaccharide Intercellular Adhesion (PIA) gene which is 
the main component of EPS, PIA plays a role as the adhesion of bacterial cells to a surface, 
so that there will be a decrease in bacterial adhesion and the formation of biofilms will be 
inhibited. In addition, phenolic compounds have hydroxyl groups that can denature proteins. 
Altered protein structures can affect bacterial cell metabolism and lead to bacterial death. So 
that the number of bacteria in a medium will decrease and inhibit the process of biofilm 
formation [21].  
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In biofilm destruction activity tests, steroid compounds can degrade the integrity of cell 
membranes so that lysosomes leak and degrade bacterial cell components [22]. Saponin 
compounds that interact with bacterial biofilms will cause bacteria to break down or lysis due 
to their ability to increase the permeability of cell membranes. The higher permeability of the 
cell membrane will make it easier for a compound to penetrate into the cell, so that the 
survival of bacterial biofilms will be disrupted [23]. 

4. Conclusions 
Ethanol extract of watercress leaves has antibiofilm activity against Staphylococcus aureus 

bacteria. This is influenced by the content of compounds that have the potential to be 
antibiotics in watercress leaf ethanol extract, namely flavonoids, phenolics, tannins, saponins, 
and steroids. It is necessary to conduct in-depth follow-up research related to the visualization 
of biofilms formed using Scanning Electron Microscopy (SEM). Research on the antibiofilm 
activity of watercress leaf extract against other biofilm-forming bacteria is needed to complete 
the activity data. The development into topical preparations of antiseptics and disinfectants 
from watercress leaf extract has also become interesting to do. 
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