
Article Not peer-reviewed version

A Preliminary Study of Antibiofilm

Activity of Ethyl Acetate Extracts of

Actinomycetes Isolated from Bris Soil,

Terengganu against Salmonella

typhimurium

Anis Amira Azhar * and Amira Ahmad

Posted Date: 18 March 2024

doi: 10.20944/preprints202403.0960.v1

Keywords: Salmonella typhimurium; biofilm; actinomycetes; BRIS soil

Preprints.org is a free multidiscipline platform providing preprint service that

is dedicated to making early versions of research outputs permanently

available and citable. Preprints posted at Preprints.org appear in Web of

Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This is an open access article distributed under the Creative Commons

Attribution License which permits unrestricted use, distribution, and reproduction in any

medium, provided the original work is properly cited.



 

Article 

A Preliminary Study of Antibiofilm Activity of Ethyl 
Acetate Extracts of Actinomycetes Isolated From Bris 
Soil, Terengganu against Salmonella typhimurium 
Anis Amira Azhar 1,* and Amira Ahmad 2 

1 Faculty of Applied Sciences, Universiti Teknologi MARA, Shah Alam, Selangor 
2 Faculty of Science and Mathematics, Universiti Pendidikan Sultan Idris, Tanjung Malim, Perak 
* Correspondence: trwsatu@gmail.com 

Abstract: Salmonella typhimurium is the predominant serovar identified in cases of salmonellosis. It is 
recognised for adhering to various surfaces and creating biofilm, leading to several foodborne outbreaks and 
antibiotic resistance. Actinomycetes are thought to possess a wide array of antibacterial characteristics that can 
combat different diseases. Currently, it is unclear whether it has antibiofilm properties against S. typhimurium. 
This study aimed to assess the antibiofilm efficacy of actinomycetes extracts against S. typhimurium ATCC 
14028 by the Crystal Violet assay. Four actinomycetes isolates, EAS5, EAS7, EAA141, and EAA11, were 
obtained from BRIS soil in Terengganu. The actinomycetes isolates were extracted using ethyl acetate (EA). S. 
typhimurium was exposed to extracts for 6, 12, and 18 hours. The results showed that all EA extracts effectively 
prevented the S. typhimurium biofilm at 12 and 18 hours. EAAA11 was the most effective against the 12-hour 
biofilm, whereas EAS5 was the most effective against the 18-hour biofilm among these extracts. In conclusion, 
actinomycetes isolated from the BRIS soil in Terengganu show potential for controlling Salmonella infection. 
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Introduction 

Bacteria can grow either as planktonic cells or as communities within biofilms. Harrell et al. 
(2021) defines biofilm as a collection of cells connected to a surface and enclosed by self-produced 
extracellular polymeric substances (EPS) on living or non-living surfaces. They stated that biofilm 
formation is frequently triggered by many adverse environmental factors such alterations in pH, 
oxygen levels, temperature, and nutrient supply. Biofilms provide protection against external 
stressors such the host immune system, harmful chemicals, and antibiotics (Yuyama et al., 2020; 
Zakaria et al. 2023). Chronic infections induced by bacteria organised in a biofilm are difficult to cure 
because they have a high tolerance to antibiotic concentrations. Various studies have examined the 
effectiveness of current antibiotics, antifungals, disinfectants, and medicinal herbs on microbial 
biofilms (Rashid et al. 2022, Isa et al. 2022, Kamaruzzaman et al. 2022, Johari et al. 2023, Amran et al. 
2022). 

Salmonella is a prevalent bacterium responsible for causing foodborne illnesses. Pang et al. 
(2017) identified Salmonella as the primary bacterium responsible for causing foodborne illnesses in 
the United States. Salmonella typhimurium is the predominant serovar responsible for approximately 
20.2% of reported cases of salmonellosis in Europe, posing a serious public health risk and potential 
economic repercussions. Previous studies demonstrated that Salmonella could form biofilms and 
may adhere to various surfaces such plastics, rubbers, and stainless steel (Pang et al. 2007; Othman 
& Yahya 2019). Therefore, this leads to an increase in several foodborne outbreaks.  

Actinomycetes originates from the Greek terms “aktis” and “mykes,” meaning “ray” and 
“fungus” respectively. Faja et al. (2017) classified actinomycetes as Gram-positive bacteria that 
typically inhabit marine and soil sediments. Budhathoki and Shrestha (2020) suggested that 
actinomycetes play a significant role in creating bioactive chemicals. Actinomycetes are responsible 
for creating over 50% of the bioactive secondary metabolites identified to date, including 
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immunosuppressive drugs, anticancer agents, enzymes, and notably antibiotics (Budhathoki & 
Shrestha, 2020). Actinomycetes in the field of microbiology are emerging as a promising source of 
antibiotics. Recent studies have suggested that certain bioactive compounds produced by 
actinomycetes exhibit antifungal, antimicrobial, anti-inflammatory, and other pharmacological 
properties (Budhathoki & Shrestha, 2020). Faja et al. (2017) stated that actinomycetes are currently 
recognised as significant antibiotic producers, generating a large number of antibiotics and other 
physiologically active secondary metabolites, accounting for approximately 80% of total antibiotic 
products. The antibiofilm activity of actinomycetes against S. typhimurium has not been well studied 
thus far. 

Methodology 

Test Microorganism and Actinomycete Extracts 

The bacterial strain tested in this study was S. typhimurium ATCC 14028, obtained from the 
Microbiology Lab, Faculty of Applied Sciences, UiTM Shah Alam, Selangor, while ethyl acetate 
extracts of actinomycetes isolated from BRIS soil, Terengganu (EAS5, EAS7, EAA141, and EAAA11), 
were obtained from the Microbiology Laboratory, Faculty of Science and Mathematics, Universiti 
Pendidikan Sultan Idris, Tanjung Malim, Perak. 

Pellicle Assay 

Pellicles were grown in sterile test tubes. After incubation at 37 °C for 24 h, the nutrient medium 
was discarded while the pellicle fractions were rinsed with distilled water twice, heat-fixed at 37 °C 
for 30 min, stained with 0.5% crystal violet and 25% methanol for 5 min, and gently destained with 
distilled water. The pellicle formed at the air–liquid interface was inspected visually. 

Microplate Biofilm Assay 

Biofilms were formed in the wells of 96-well microplate as previously reported (Man et al. 2022). 
100 μl of EA extracts (10% (v/v)-50% (v/v)) and 100 μl of bacterial inoculum (OD600: 0.5) were loaded 
into microplate wells in triplicates. The mixture was then incubated at 37 ºC for 6 h, 12 h, and 18 h. 
Meanwhile, 100 μl of inoculum and 100 μl of fresh broth were loaded into microplate well as the 
negative control. 

Crystal Violet Assay 

After incubation at 37 °C for 24 h, the nutrient medium was discarded while the biofilm fractions 
were rinsed with distilled water twice, heat-fixed at 60 °C for 30 min, stained with 0.5% (w/v) crystal 
violet and 25% (v/v) methanol for 5 min, and gently destained with distilled water. Stained biofilms 
were then dissolved in absolute ethanol, and the absorbance was measured at 600 nm using a BioTek 
Synergy H1 Hybrid microplate reader. 

Determination of Biofilm Inhibition 

The mean absorbance of the samples was determined, and the percentage inhibition of biofilm 
was calculated using the equation as shown below: 

Percentage (%) inhibition = (OD negative control ˗ OD experimental)/(OD negative control) ×100  

Results and Discussion 

Figure 1 displays the detection of S. typhimurium biofilm using the pellicle assay. The pellicle 
intensity increased from 6 h to 18 h, indicating the capability of S. typhimurium to form a biofilm in 
this investigation. Figure 2 displays the biomass of S. typhimurium biofilm at 6 h, 12 h, and 18 h. The 
biomass of S. typhimurium biofilm decreased when exposed to all EA extracts. Figure 3 displays the 
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percentage of biofilm inhibition by all EA extracts. Application of all EA extracts marginally 
suppressed S. typhimurium biofilm at 6 h. EAS7, EAA141, and EAAA11 significantly reduced biofilm 
formation at 12 h. EAS5 was the only extract that effectively prevented the formation of S. 
typhimurium biofilm at 18 h. 
 

   

6 h 12 h 18 h 

Figure 1. Pellicle at air-liquid interface formed by S. typhimurium. 

 

Figure 2. Heat map of S. typhimurium biofilm. 
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Figure 3. Inhibition of S. typhimurium biofilm by EA extracts. 

It is understood that juvenile biofilm and planktonic cells are more vulnerable to antimicrobial 
treatments than mature biofilm. According to Huan et al. (2019), initial biofilm development 
promotes the infiltration of antimicrobial agents. These contradict our existing data, which 
demonstrated weak inhibition at 6 h. It is possible that S. typhimurium may not have fully developed 
a biofilm at 6 h, and thus, the antibiofilm activities of EA extracts could not be determined. In the 
present study, most of the biofilm inhibition by EA extracts occurred at 12 h. This is strongly believed 
to be due to the mixture of antimicrobial compounds produced by actinomycetes (Faja et al., 2017; 
Diarra et al., 2024). Majhool et al. (2021) reported that actinomycetes isolated from the BRIS soil, 
Terengganu, contained various antimicrobial compounds including hexadecanoic acid, actinomycin 
C2, and methyl stearate. The heterogeneous mature stage of biofilm often results in reduced 
sensitivity of bacteria to antimicrobial treatment (Li et al., 2020). This corroborates our discovery that 
most EA extracts exhibited minimal suppression of biofilm formation at 18 h. 

Conclusions 

Ethyl acetate extracts of actinomycetes isolated from BRIS soil in Terengganu exhibited 
antibiofilm properties against S. typhimurium. EAAA11 was the most effective against the 12-hour 
biofilm, whereas EAS5 was the most effective against the 18-hour biofilm among these extracts. These 
actinomycetes demonstrate promise in managing Salmonella infection. 
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