Pre prints.org

Article Not peer-reviewed version

Antibiofilm Activity Of Benzoic Acid
Against Salmonella Typhimurium

Muhammad Azinuddin Abdull Kamal * and Khaniza Hasliza Abdul Khalil
Posted Date: 16 April 2024
doi: 10.20944/preprints202404.0482.v1

Keywords: Salmonella typhimurium; biofilm; benzoic acid

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.




Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 16 April 2024 d0i:10.20944/preprints202404.0482.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Article
Antibiofilm Activity of Benzoic ACID against
Salmonella typhimurium

Muhammad Azinuddin Abdull Kamal and Khaniza Hasliza Abdul Khalil

Faculty of Applied Sciences, Universiti Teknologi MARA, Shah Alam, Selangor
* Correspondence: yoepyoep123@gmail.com

Abstract: The occurrence and ability of Salmonella typhimurium to withstand the effects of various antibiotics
has been extensively recorded. This highlights the necessity for alternative methods to combat Salmonella
infections. The current investigation aimed to ascertain the impact of benzoic acid on the extent of surface
coverage and biomass of S. typhimurium biofilm after 48 and 72 hours. The findings indicated that all the
different doses of benzoic acid (ranging from 3.125% to 50%) resulted in a decrease in the extent of biofilm
surface coverage. Benzoic acid exhibited a substantial inhibitory effect on the biofilm biomass at all
concentrations. Higher concentrations of benzoic acid led to a decrease in biofilm biomass, suggesting a
concentration-dependent response. This finding implies that benzoic acid is effective in managing Salmonella
infections.
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Introduction

Enterococcus enterica Typhoid fever is a result of infection by the Gram-negative bacteria known
as serotype Typhi (Ashurst et al, 2022). Ashurst et al. attribute the naming of "typhoid fever" to Pierre
Louis in 1829. Louis saw lesions in the abdominal lymph nodes of a patient who had succumbed to
"gastric fever." The term "typhus" originates from the Greek word meaning "smoky," and it was
employed to describe the state of madness that afflicted the sufferer. Nevertheless, in 1880, a German
pathologist named Karl Eberth discovered Salmonella enterica, the microorganism responsible for
causing typhoid fever. In 1884, Georg Gaftky achieved the successful cultivation of S. enterica for the
first time. Consequently, Almorth Wright developed a vaccine few years later (Ashurst et al, 2022).

S. enterica serotype typhi encompasses Salmonella typhimurium. The term "serotype" pertains
to a categorization framework for bacteria that relies on the antigens or other compounds found on
their surface (CDC, 2022). The presence of S. enterica serotype typhi is typically observed when
individuals consume water or food that has been contaminated with the excretions of infected
humans. Once it has attached itself to the small intestines, it must endure the gastric pH barrier, which
is the mucus-bicarbonate barrier in the stomach, in order to survive. The Cystic Fibrosis
Transmembrane Conductance Regulator (CFTR) facilitates either direct penetration into the epithelial
cells or transit through the M-cell, a distinct lymphoid epithelial cell (Ashurst et al., 2022). The
development of biofilms by S. typhimurium has been documented in studies conducted by Yahya et
al. in 2017 and 2018, as well as by Yaacob et al. in 2021.

Biofilms are stationary aggregations of microorganisms that inhabit and proliferate on the
surfaces of medical devices, such as catheters, through the secretion of extracellular polymeric
compounds. These substances have the potential to induce infection. Biofilms are formed by densely
populated communities of bacteria held together by an extracellular matrix (ECM). This matrix
contains several substances released by the bacteria, including exopolysaccharides (EPS),
extracellular DNA (eDNA), proteins, and amyloidogenic proteins (Sharma et al, 2019;
Kamaruzzaman et al., 2022). In addition, they synthesise a variety of functional proteins that aid in
their metabolism during periods of dormancy (Othman and Yahya 2019; Isa et al. 2022). A fraction of
the bacteria in the natural environment survives by floating, however the majority of bacteria thrive
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by forming biofilms in order to adapt to the challenging conditions. After the formation of the biofilm,
its susceptibility to damage from several chemicals and antibiotics is much diminished (Zakaria et al.
2023). Hence, it is arduous to entirely eliminate it. As a result, high concentrations of antibiotics are
ineffective in eliminating pathogenic biofilms due to the bacteria's effective protection within the
biofilm structure. According to Zhao et. al. (2017), biofilms exhibit greater resistance to antimicrobials
compared to planktonic cells. As a result, there has been ongoing investigation into the discovery of
novel antimicrobial agents derived from natural sources (Zawawi et al., 2020; Man et al., 2022).

Benzoic acid is a colourless compound with an aromatic structure and a carboxylic acid
functional group. It occurs naturally in plants, fungi, and animal tissues (Joye, 2019). Benzoic acid is
a chemical composed of a benzene ring core with a carboxylic substituent attached to it. Derivatives
of this substance are frequently used as antibacterial and antifungal agents or flavour enhancers in
the food sector (Del Olmo et. al., 2017). Benzoic acid is frequently employed as an antimicrobial
preservative in food and beverages due to its potent antibacterial properties, which are most effective
within a pH range of 2.5 - 4.0. According to Kalpana and Rajeswari (2019), benzoic acid has the ability
to hinder the growth of bacteria and yeasts, which are significant contributors to food spoiling. A
reassessment of the effectiveness of benzoic acid against S. typhimurium biofilm at various
incubation durations is necessary. The aim of this study was to investigate the impact of varying
concentrations of benzoic acid on the overall biomass and surface coverage of S. typhimurium biofilm
after 48 and 72 hours.

Methodology

Preparation of Test Microorganism

The S. typhimurium ATCC 14028 culture was transferred onto a Nutrient Agar (NA) plate using
a sterile inoculating loop and then incubated at a temperature of 37 °C for a duration of 24 hours. The
colonies that are likely to be present and their physical characteristics that develop on the NA plate
were observed and documented. Following the incubation time, a little amount of the
uncontaminated colony was subjected to Gramm staining and examined using a microscope.

Pellicle Assay

The pellicle assay was conducted using the following steps: (i) the medium in the test tube was
drained and dried for 10 minutes, (ii) the inner surface of the test tube was rinsed with distilled water,
(iii) the test tube was then stained with 0.5% (w/v) crystal violet, (iv) the stain was washed off with
distilled water and allowed to dry, (v) the pellicle biofilm was observed by examining the stained
surface and looking for ring formation in the test tube.

Biofilm Surface Coverage Assay

The biofilm surface coverage assay was employed to assess the antibiofilm efficacy of benzoic
acid against S. typhimurium biofilm. Initially, glass cover slips were inserted into each well of a 6-
well microplate. The wells of the test group were filled with a 2 mL mixture of overnight bacterial
inoculum and a 2 mL solution of benzoic acid ranging from 3.125% (v/v) to 50% (v/v). Two mL of
fresh medium and two mL of bacterial inoculum were added to the negative control well. Following
a 48-hour incubation period at a temperature of 37 °C, the glass cover slips were cautiously removed
and washed three times using sterile PBS. Following a 15-minute staining period using a 0.5% (w/v)
crystal violet solution, the glass cover slips were delicately rinsed with water to eliminate any residual
dye. Analysed with a light microscope, the stained biofilm on glass cover slips was examined. The
images were captured at a magnification of 100x. The experiment was repeated for an incubation
period of 72 hours.

Biofilm Biomass Assay
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The susceptibility of S. typhimurium biofilm was evaluated at five distinct concentrations,
ranging from 3.125% (v/v) to 50% (v/v), using a sterile 96-well microplate. The test groups were
administered with 100 uL of benzoic acid solution and 100 uL of bacterial inoculum. The negative
control wells were filled with 100 uL of fresh medium and 100 pL of bacterial inoculum. Following a
48-hour incubation at a temperature of 37 °C, the liquid containing freely floating cells was removed
from the 96-well microplate and washed with a PBS solution two times. The biofilm wells, which
were attached, were subjected to heat fixation at a temperature of 60 °C for a duration of 30 minutes.
This was followed by staining with crystal violet solution at a concentration of 0.5% for a period of 5
minutes at room temperature. The soiled well was meticulously disposed of and cleansed with a PBS
solution. Stained-biofilm wells were filled with a solution of absolute ethanol. The quantification of
biofilm biomass was conducted using a BioTek Synergy H1 Hybrid microplate reader (Yahya et al.,
2018) at a wavelength of 600nm, with slight modifications. The experiment was repeated for an
incubation period of 72 hours.

Data Analysis

The mean, standard deviation, and percent inhibition of all data from the antibiofilm screening
were calculated using n=5. An independent T-test was used to assess the level of significance of the
difference between control and test groups, with p-value of <0.05 being deemed significant.

Results and Discussion

The Gram staining revealed the morphology of S. Typhimurium (Figure 1, left panel). The
pellicle assay demonstrated the formation of a ring at the air-liquid interface (Figure 1, right panel).
This confirms that S. Typhimurium is capable of forming biofilms, particularly at the liquid-air

interface.
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Figure 1. Gram staining and pellicle assay results.

The negative control indicating conditions without any treatment or intervention, exhibited the
highest surface coverage by biofilm (Figure 2). This shows that under normal conditions, without any
inhibitory agent, the biofilm formation was most extensive. At 48 h, all tested concentrations of
benzoic acid resulted in a reduction in biofilm surface coverage. This demonstrates the effectiveness
of benzoic acid in inhibiting biofilm formation across various concentrations.
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Figure 2. Biofilm surface coverage in the presence of different concentrations of benzoic acid at 48
hours.

Similarly, the negative control, which represents conditions without any treatment or
intervention, showed the maximum amount of biofilm covering on the surface after 72 hours (Figure
3). This demonstrates that in the absence of any inhibitory agent, the biofilm growth was the most
widespread under typical conditions. Every concentration of benzoic acid that was tested led to a
decrease in the extent to which the biofilm covered the surface. This study showcases the efficacy of
benzoic acid in suppressing the growth of biofilms at different doses.
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Figure 3. Biofilm surface coverage in the presence of different concentrations of benzoic acid at 72
hours.
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Across all tested concentrations, benzoic acid significantly inhibited biofilm biomass (Figure 4).
Higher concentrations of benzoic acid resulted in lower biofilm biomass. This concentration-
dependent response indicates that the effectiveness of benzoic acid in inhibiting biofilm formation
increases with higher concentrations. The inhibitory effects of benzoic acid on biofilm biomass were
observed at both 48 hours and 72 hours.
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Figure 4. Inhibition of S. typhimurium biofilm by benzoic acid at 48 and 72 hours. Asterisks indicate
significant differences between control and test groups (p<0.05).

Patra et al. (2021) reported varying frequencies for prevalence of Salmonella Typhimurium as
well as subtle evidence on resistance of this pathogen to multiple antibiotics in different countries in
South East Asia. Vietnam ranked top in terms of reports for prevalence and antimicrobial resistance.
Although the pathogen was not found as dominant serovar in South East Asia in last 20 years unlike
sub-Saharan Africa, it may be still considered as a major threat in this region due to available
evidences for infection in humans as well as contamination in several animal and food sources. On
the other hand, Moghadam et al. (2023) demonstrated that most of the antibiotics commonly used in
the livestock and poultry industries are ineffective against most Salmonella isolates. This finding
underscores the need for alternative approaches to combat Salmonella infections. The antibiofilm
activity of benzoic acid against S. typhimurium reported herein corroborates a recent study
conducted by Rohatgi and Gupta (2023) demonstrating its efficacy against Klebsiella pneumoniae
biofilm. Antibiofilm activity of benzoic acid against Pseudomonas aeruginosa has also been reported
(Kinaytiirk et al. 2023).

Conclusion

All concentrations of benzoic acid led to reduced biofilm surface coverage. Benzoic acid also
significantly inhibited biofilm biomass across all concentrations, with higher concentrations resulting
in lower biomass, indicating a concentration-dependent response. This finding suggests that benzoic
acid is useful for controlling Salmonella infections.
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