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ABSTRACT

Aims: This study aimed to extract and characterize a biosurfactant produced by Limosilactobacillus
reuteri IDCC 3701, assess its emulsifying activity against crude oil, and investigate its antibiofilm
properties against major foodborne pathogens.

Methodology: The biosurfactant, named I-BS, was extracted from the cell-free supernatant of
Limosilactobacillus reuteri IDCC 3701 using acid precipitation. The emulsification index, emulsifying
activity, oil spreading test, drop collapse test, and microplate distortion assay were performed to
evaluate the surfactant properties of I-BS. The antibiofilm activity of 1-BS against foodborne
pathogens was assessed using the Calgary Biofilm Device. Finally, the cell-free supernatant of
Limosilactobacillus reuteri IDCC 3701 was subjected to GC-MS analysis.

Results: I-BS demonstrated an emulsification index of 49.4% and emulsifying activity of 400.67,
indicating its potential as an effective emulsifier for oils. Positive results were observed in the oil
spreading test and microplate distortion assay, confirming its surfactant properties. Additionally, I-
BS exhibited significant antibiofilm activity against foodborne pathogens. GC-MS analysis of the I-
BS structure revealed the presence of octanoic acid, a surfactant compound.
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Conclusion: The biosurfactant I-BS, derived from Limosilactobacillus reuteri IDCC 3701, displayed
promising emulsifying activity and demonstrated notable antibiofilm properties against foodborne
pathogens. These findings suggest that I-BS holds potential as a lead compound for the
development of novel anti-biofilm agents and additives in the food industry.

Keywords: Biosurfactant; probiotics; foodborne pathogens; Limosilactobacillus reuteri.

1. INTRODUCTION

Biosurfactants, which are naturally occurring
surface-active ~ compounds  produced by
microorganisms, have a wide range of industrial
applications due to their versatility and
environmentally friendly production [1]. These
unique  biomolecules  exhibit  remarkable
surface-active properties, reducing surface
tension and facilitating the dispersion or
emulsification of hydrophobic substances in
aqueous environments [2]. As a result, they
present promising alternatives to synthetic
surfactants, which often suffer from limited
biodegradability and potential environmental
toxicity.

In the field of microbiology and biotechnology,
extensive research has been conducted on
biosurfactants for their antimicrobial and
antibiofilm activities against various foodborne
pathogens [3]. Foodborne pathogens pose a
significant risk to human health, causing a wide
range of gastrointestinal infections  [4].
Traditionally,  chemical disinfectants and
antibiotics are wused for pathogen control,
however they have limitations, including the
development of antibiotic resistance and the
potential for chemical residues in food products
[5]. Therefore, due to the growing imperative for
effective, safe, and sustainable antimicrobial
strategies, exploring biosurfactants derived from
beneficial bacteria presents a highly promising
solution [6].

Limosilactobacillus reuteri (L. reuteri), formerly
known as Lactobacillus reuteri, is a Gram-
positive bacterium that naturally resides in the
gastrointestinal tract of humans and animals
[7]. When used as a probiotic, L. reuteri
offers various health benefits, including the
modulation of the host immune response
and the inhibition of pathogens [8]. Furthermore,
previous studies demonstrated that several
strains of L. reuteri could inhibit the biofilm
formation of pathogens and therefore could be a
promising candidate for biosurfactant studies

[9].
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The objective of this research is to investigate
the extraction, antibiofiim activity against
foodborne pathogens, and characterization of the
biosurfactant produced by L. reuteri IDCC 3701.

By understanding the properties and
mechanisms of this biosurfactant, valuable
insights can be gained into its potential

applications in the food industry. These
applications include the prevention and control of
biofilm formation on food contact surfaces and
the development of novel food preservatives with
improved safety and efficacy.

2. METHODOLOGY
2.1 Strains and Growth Conditions

Foodborne pathogens (Listeria monocytogenes
NCCP 15743, Salmonella Typhimurium ATCC
15812, Bacillus cereus ATCC 14579,
Staphylococcus aureus NCCP 01328, and
Escherichia coli O157:H7 ATCC 43895) were
obtained from the Korean WNational Culture
Collection for Pathogens (NCCP) and American
Type Culture Collection (ATCC). Each pathogen
was cultured in 25 mL of tryptic soy broth (TSB)
at 37 °C for 16 h. After centrifugation, the
bacterial pellet was resuspended in phosphate
buffered saline (PBS, pH 7.4). The
concentrations of the bacterial suspensions were
adjusted using optical density measurements at
600 nm. The probiotic strain, L. reuteri IDCC
3701, provided by lldong Bioscience Co., was
cultured in 25 mL of De Man, Rogosa and
Sharpe (MRS) broth at 30 °C for 48 h. The
bacterial pellet was resuspended, and the
concentration was adjusted using optical density
measurements at 600 nm.

2.2 Biosurfactant Extraction

The biosurfactant was extracted from the cell-
free supernatant (CFS) portion of L. reuteri IDCC
3701 [10]. To produce CFS, L. reuteri was
cultivated in MRS broth for 48 h at 30 °C under
anaerobic conditions and CFS was separated by
centrifugation at 8,000-xg for 40 min at 4 °C and
filtered through a syringe filter with a pore size of
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0.22-uym. To extract the biosurfactant, 20 ml of
CFS was acidified to pH 1.8 with hydrochloric
acid and incubated overnight at 4 °C. The
precipitated biosurfactant was obtained by
centrifugation (8,000 rpm, 10 min, 4 °C), washed
in acidic water, and resuspended in PBS with the
same initial volume [11]. The extracted
biosurfactant was named as |-BS.

2.3 Surfactant Properties of I-BS

Emulsification Index (El) was calculated based
on the increase in the height of emulsion [12]. A
mixture of 1 ml of I-BS, 4 ml of water, and 6 ml of
vegetal oil was shaken vigorously for 2 minutes.
After 24 hours, the height of the emulsion was
measured, and the emulsification index was
calculated using the equation 1:

El = (Height of emulsion layer)
/(Total height) x 100

Equation 1. Calculation of emulsification index
(%0).

Emulsification activity was measured by mixing 4
ml of I-BS with 1 ml of vegetable oil, shaking
vigorously for 2 minutes, and allowing to stand
for 10 minutes before measuring turbidity at 540
nm. The absorbance before emulsification
subtracted from the absorbance  after
emulsification was expressed as emulsifying
activity [12].

Oil spreading test was performed in a Petri dish
containing 50 ml of distilled water overlaid with
20 pl of vegetable oil. Then 10 ul of I- BS was
added to the surface of the oil and the presence
of clear zones were examined [13].

The drop collapse test was used to measure the
decrease of the surface tension of the liquid.
Briefly, 10 ul of I- BS was pipetted as a drop onto
a parafiim and the spread of the drop was
examined over 5 minutes [13]. A positive
result was present if the droplet diameter was at
least 1 mm larger than that of the negative
control.

Microplate distortion assay was performed by
adding 100 pl of I-BS into a microwell of a 96-
microwell plate. The plate was viewed using
background paper with a grid. When a
biosurfactant is present, the concave surface
distorts the image of the underlying grid. The
optical distortion of the grid provides qualitative
evidence for the presence of surfactant [14].
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2.4 Antibiofilm Activity of I-BS

To investigate the effect of I-BS on biofilm
inhibition, the Calgary Biofilm Device was used
(Biofilm Formation Assay Kit, Dojindo, Japan).
The methodology was performed in accordance
with  the technical manual, with slight
modifications [15]. A 96-well plate was prepared,
where 90 pl of sterile TSB, 10 pl of microbial cell
suspension of each genus of foodborne
pathogens, and 50 pl of I-BS were placed. A lid
plate was positioned on top. The plates were
incubated at 37 °C for 24 h under aerobic
conditions to allow biofilm formation on the peg.
Subsequently, the lid plate was immersed in 200
ul of sterile PBS to remove planktonic cells and
was stained with 200 pl of crystal violet solution
(CV) for 30 min at room temperature. The excess
CV in the lid plate was removed by soaking it in
sterile PBS. The plate was placed in a 96-well
plate containing 200 ul of absolute ethanol and
was incubated at room temperature for 15
minutes. Finally, the peg-lid plate was removed,
and the absorbance of the 96-well plate with the
dissolved CV was measured in a microplate
reader at 590 nm. The results were compared
with the negative control (sterile well) and the
growth control (untreated biofilm).

2.5 Chemical Analysis by GC-MS

The method described by Burgut [16] was used
to identify volatile biosurfactant compounds by
gas chromatography-mass spectrometry analysis
(GC-MS) in CFS. The analysis was performed
using an Agilent 7890A gas chromatograph
coupled directly to a mass spectrometer system.
A nonpolar (5% - phenyl)-methylpolysiloxane
column (30 m x 250 pm x 0.25 pm, Agilent
1901S-433HP-5MS) was used. Helium was the
carrier gas, and the flow rate was 1.5 ml/min.
The initial oven temperature was 50 °C and was
maintained for 2 minutes until the final
temperature reached 240 °C at a rate of 2°C/min.
The injection volume was 1 pl of diluted sample
in hexane. The total GC run time was 86
minutes. Detected peaks in GC-MS were
matched with those in the commercial library of
NIST/EPA/NIH. The relative percent amount of
each compound was expressed by comparing its
average peak area to the total area.

2.6 Statistical Analysis
All the experiments were conducted in triplicates.

The data were shown as the mean + standard
deviation. Statistical analysis of the data was
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performed using GraphPad Prism Version 8.3.0
(GraphPad Co., San Diego, CA, USA). The
means were compared using the student’s paired
t-test for two-group comparisons and one-way
analysis of variance (ANOVA) for multi-group
comparisons. A p-value of less than 0.05
indicated statistical significance.

3. RESULTS AND DISCUSSION

3.1 Extraction and Characterization of I-
BS

In this study, the biosurfactant was extracted
from the CFS of L. reuteri IDCC 3701 using a
two-step process. The first step involved
acidization of the medium to achieve the
biosurfactant's isoelectric point, resulting in
reduced solubility and enabling its extraction
through  centrifugation.  Subsequently, the
biosurfactant  (designated as [-BS) was
thoroughly characterized in terms of its overall
properties and emulsion behavior.

The obtained results revealed significant
differences in the emulsion index and emulsifying
activity values of the biosurfactant compared to
the negative control. The biosurfactants exhibited
notable emulsifying activity with an emulsion
index of 49.4% and an emulsifying activity value
of 400.67. These findings suggest that I-BS has
the ability to form stable emulsions and can be
effectively employed as an emulsifier for oils.
Furthermore, positive outcomes were obtained
from the oil spreading test and microtiter plate
test, indicating the potential applications of the
biosurfactants. However, the drop collapse test
yielded a negative result, suggesting that the
biosurfactants may not efficiently reduce the
surface tension of the liquid. A summary of the
results is presented in Table 1.

Comparatively, the observed emulsion index of
49% in this study was lower than previous
findings. For instance, Saravanan and

Vijayakumar [17] reported an emulsion index of
65.5% for the bacterium Pseudomonas
aeruginosa PB3A, while Menezes Bento, de
Oliveira Camargo [18] found a consortium of
isolates from a Long Beach soil sample with an
emulsion index of 64%. These higher emulsion
index values suggest that the biosurfactants
produced by those organisms possessed
stronger emulsifying properties.

It is important to note that biosurfactant
molecules can serve various roles in bacteria,
including pathogenesis, as highlighted by Phale,
Malhotra [19]. However, L. reuteri IDCC 3701,
the strain used in this study, is a non-pathogenic
probiotic isolated from breast milk [20]. Previous
study performed a comprehensive genomic,
phenotypic, and toxicity analysis, including an
acute oral toxicity test, and concluded that L.
reuteri IDCC 3701 is safe for human
consumption as a probiotic [20].

In addition, the majority of studies focused on
biosurfactants primarily extract them from
pathogenic strains, while neglecting safety
assessments. This lack of evaluation inhibits our
ability to determine whether these biosurfactants
can be safely employed in practical applications
for humans and food. Complicating matters
further is the utilization of the hemolysis test,
commonly employed in the preliminary screening
of microorganisms for biosurfactant production
[21]. This test is also utilized in the safety
evaluation of probiotics, where a negative result
is required to ensure their safety [22]. Such
conflicting analyses make it challenging to
identify a probiotic strain that is both safe and
suitable for subsequent analysis of biosurfactant
production.

In this study, the seemingly conflicting results of
a negative hemolysis test but positive
biosurfactant production by L. reuteri IDCC 3701
can be explained by findings from Schulz,
Passeri [23].

Table 1. Characterization of the I-BS regarding emulsification index, emulsification activity, oil
spreading test, microtiter plate test and drop collapse test

Assay Biosurfactant

Negative Control

Emulsification Index 49+2a

Emulsification Activity

Oil Spreading Positive
Drop Collapse Negative
Microtiter Plate Distortion Positive

400.67+10.15a

39+0.7b
0.33+0.05b
Negative
Negative
Negative

All the experiments were conducted in triplicates. The data were shown as the mean + standard deviation. A p-
value of less than 0.05 indicated statistical significance between treatments
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Their research showcased the capability of non-
hemolytic strains to produce biosurfactants, and
some biosurfactants were shown to have no
hemolytic activity at all. This sheds light on the
possibility that L. reuteri IDCC 3701 may indeed
be a non-hemolytic strain that produces
biosurfactants, aligning with the observed
outcomes.

Among the various biological roles they fulfill,
biosurfactants act as versatile molecules that
facilitate interactions between microorganisms
and their environment, playing crucial roles in the
biological functions of microbial cells [24]. These
compounds effectively reduce surface tension at
liquid interfaces, thereby enhancing the solubility
and availability of hydrophobic substances like
organic pollutants or insoluble nutrients, making
them more accessible for microbial uptake [25].
In addition to this, biosurfactants also contribute
significantly to biofilm formation, cell motility, and
adhesion processes, enabling microorganisms to
colonize various ecological niches [26]. Their
unique ability to modulate surface properties and
promote cellular interactions highlights the
profound significance of biosurfactants in
microbial physiology and the overall functioning
of ecosystems.

3.2 Antibiofilm Activity of I-BS

The antibiofilm properties of [-BS were
investigated against  significant  foodborne
pathogens. To evaluate the inhibition of biofilm
formation, the biofilm formation percentages of
the treatment group were compared with those of
the positive control group. Results showed that |-
BS had an inhibition percentage of 6.7% against
L. monocytogenes, 8.1% against S.

40

N w
o o
1 |

% Inhibition

=
o
1

Typhimurium, 34.1% against B. cereus, 20.5%
against E. coli, and 21% against S. aureus.
These findings highlight the potential of I-BS as
an effective agent to combat biofilm formation in
various foodborne pathogens.

The biofilm inhibition percentages of I-BS were
compared to those reported in reference studies,
providing insights into the effectiveness of I-BS
as a potential antibiofilm agent. For example,
Padmavathi and Pandian [27] supports the
notion that biosurfactants can effectively inhibit
biofilm formation. In that study, biosurfactant
extracted from coral associated bacteria showed
significant biofilm inhibiting activity against P.
aeruginosa  ATCC10145, with inhibition
percentages ranging from 79% to 89%. A similar
trend was observed in study by Jose,
Krishnankutty [28], where the biosurfactant
BSB1 exhibited considerable biofilm inhibition
against S. aureus MTCC 1430. At a
concentration of 1 mg/ml, BSB1 achieved a
biofilm inhibition percentage of 41.79%, which
increased to 79.22% at a concentration of 2
mg/ml.

Comparing these reference studies to the
results obtained in the present study, it can be
observed that 1-BS exhibited moderate to low
biofilm inhibition percentages when compared to
the highly effective biosurfactants described in
the references. The inhibition percentages
achieved by [-BS were generally lower than
those reported for coral associated bacteria and
BSB1. This difference might be attributed to
variations in biosurfactant composition, structure,
and concentration, as well as the specific
bacterial strains and conditions used in each
study.

L. monocytogenes
S. Typhimurium
B. cereus

S. aureus

R0000

E. coli

Fig. 1. Biofilm inhibition of the biosurfactant extracted from L. reuteri IDCC 3701 against major
foodborne pathogens
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It is worth noting that the reference studies
employed different methodologies for evaluating
biofilm inhibition, such as direct observation,
optical density measurement, or quantification of
biofilm formation percentages. Furthermore, as
mentioned earlier, most of these studies often fail
to include safety assessments of used strains.
These variations in experimental approaches can

also contribute to differences in reported
inhibition percentages.
In summary, the unique properties of

biosurfactants enable them to modify surface
tension and the physicochemical characteristics
of the environment, thereby disrupting microbial
adhesion and impeding the formation of strong
biofilm structures [29,30]. Furthermore, certain
biosurfactants exhibit antimicrobial properties
that directly target the viability and growth of
microorganisms  associated with  biofilms,
providing an additional barrier against biofilm
development [31].

The role of biofilms in contributing to foodborne
illness outbreaks and posing significant
challenges in the food industry cannot be
underestimated [32,33]. Approximately 60% of
these outbreaks have been attributed to biofilms,
emphasizing the critical need to develop effective
strategies for their prevention and control [32].

The development of disinfectants that specifically
target biofilms holds great promise for enhancing
food safety and improving production efficiency
in the food industry. However, further research is
needed to gain a better understanding of the
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underlying mechanisms of action of I-BS and its
potential  application in  real-world
processing environments. Additionally,
comprehensive studies evaluating the safety and
efficacy of I-BS on different types of biofilms and
surfaces are necessary to establish its suitability
for widespread implementation.

3.3 Structural Characterization
Biosurfactant (GC-MS)

During the screening process for compounds
present in the CFS associated with
biosurfactants, a significant peak corresponding
to octanoic acid (Fig. 2) was observed. Octanoic
acid, also known as caprylic acid, is commonly
used as a surfactant in the lubricant industry for
soaps and detergents [34]. It is also recognized
for its antimicrobial and pesticidal properties in
food processing facilities such as wineries and
breweries.

Similar to our findings, Puntus, Sakharovsky [35]
reported the presence of octanoic acid in the
biosurfactant extracted from Burkholderia.
other studies, Sharma Sharma, Saharan [6] and
Ibrahim, ljah [36] identified a similar compound,
octadecanoic acid (stearic acid), as the main
fatty acid
Lactobacillus helveticus and
marcescens, respectively (Table 2).
Hexadecanoic acid and lipoteichoic acid were
also identified as components of
biosurfactants produced by Rhodococcus sp.

and Lactobacillus casei subsp. rhamnosus,
respectively [37,38].
100.9
‘ 115.0
130.9
144.9

il
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Fig. 2. Peaks obtained for octanoic acid during GC-MS analysis of cell-free supernatant of L.
reuteri IDCC 3701
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Table 2. Surfactant extracted in other studies

Bacteria Surfactant Compound Reference
L. reuteri Octanoic Acid This study
Burkholderia Octanoic Acid Puntus, Sakharovsky [35]

Serratia marcescens
Lactobacillus helveticus
Lactobacillus jensenii

L. casei subsp., rhamnosus
Rhodococcus sp.

L. delbrueckii Glycolipid

Octadecanoic acid
Octadecanoic acid
Methypentadecanoic acid
Lipoteichoic Acid
Hexadecanoic acid

Ibrahim, ljah [36]
Sharma, Saharan [6]
Morais, Cordeiro [39]
Velraeds, Mei [37]

Peng, Wang [38]
Thavasi, Jayalakshmi [40]

The presence of octanoic acid in our study
suggests that it may be the primary fatty acid
component of a glycolipid biosurfactant.
Glycolipid biosurfactants consist of a fatty acid
combined with a carbohydrate component and
belong to a group of compounds that vary in the
composition of their lipid and carbohydrate
constituents. These glycolipid biosurfactants
exhibit various functional properties such as
emulsification, foaming, wetting, anti-adhesive,
and anti-biofilm formation, as well as biological
properties including antibacterial  activity.
Consequently, they have potential applications in
the food and food-related industries as food
additives and preservatives [41].

Other studies focusing on biosurfactants have
also investigated their related properties and
aimed to identify their main components. Morais,
Cordeiro [39] characterized biosurfactants
produced by Lactobacillus jensenii P6A and
Lactobacillus gasseri P65 and found that they
exhibited antibiofilm and antimicrobial activities

against E. coli, Candida albicans,
Staphylococcus  saprophyticus, Enterobacter
aerogenes, and Klebsiella pneumonia. Gas

chromatography-mass spectrometry analysis
revealed a major peak corresponding to 14-
methypentadecanoic acid in L. jensenii P6A,
which was the predominant fatty acid component
of the biomolecule, and eicosanoic acid in L.
gasseri P65. In another study, biosurfactants
extracted from L. gasseri BC9 through cell wall-
bound biosurfactants in phosphate-buffered
saline exhibited activity against biofilms of
methicillin-resistant S. aureus, although the
specific main component of the biosurfactant was
not specified [42].

The molecular structure of biosurfactants
contributes to their functional diversity and
specificity. Biosurfactants can self-assemble and
form different micellar structures, such as
spherical, rod-like, and wormlike micelles,
depending on their molecular composition [43].
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This feature is particularly beneficial for
applications in the food, cosmetic, and
pharmaceutical industries, as well as in the
detoxification of pollutants and the
demulsification of industrial emulsions [2,43].
Even small differences in the molecular structure
of biosurfactant congeners can result in
significant  variations in  functionality.  For
example, different forms of sophorolipids, with
lactonic or acid nature, exhibit distinct
antimicrobial properties [44]. This diversity in
functionality allows for targeted applications and
provides a competitive advantage over synthetic
surfactants.

Moreover, the composition of biosurfactants
makes them more biocompatible and
biodegradable compared to synthetic
counterparts. Biosurfactants are inherently
biodegradable, and they can enhance the
biodegradation of pollutants by solubilizing them
and promoting the growth of indigenous
microorganisms [45]. This property has been
demonstrated in various scenarios, including the
biodegradation of oil in sand and seawater
samples and the enhanced biodegradation of
motor oil from contaminated soils [46]. The
biocompatibility and digestibility of biosurfactants,
mainly comprising glycolipidic and lipoprotein
structures, make them valuable compounds for
use in the pharmaceutical, food, and cosmetic
industries [40].

4. CONCLUSION

In conclusion, this study highlights the potential
of the biosurfactant I-BS, extracted from L.
reuteri IDCC 3701, as an effective biofilm control
and emulsifier agent. Overall, I-BS demonstrated
strong emulsifying properties and showed
significant inhibitory effects on biofilms formed by
foodborne pathogens. Octanoic acid was
identified as the main compound responsible for
its biofilm-inhibitory activity. These findings have
important implications for industries facing
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biofilm-related challenges, such as food
processing and healthcare, as I-BS offers a
natural and eco-friendly alternative to
conventional chemical agents.

Further research is needed to explore the
underlying mechanisms of [-BS's biofilm-
inhibitory activity and optimize its application
conditions. Additionally, the safety, stability, and
potential synergistic effects of I-BS with other
antimicrobial agents should be thoroughly
evaluated. Overall, this study suggests that
biosurfactants like I-BS hold great promise for
enhancing food safety and addressing biofilm-
related issues in various industries, offering
sustainable solutions that benefit both human
health and the environment.

ACKNOWLEDGEMENTS

The research work presented in this paper
has received no specific funding from any
organization, institution, or individual. The
authors declare that they have not received any
financial support that could have influenced the
design, execution, or interpretation of the study.
The authors ensure data transparency and
comply with journal policies, making all
necessary data, materials, software, and code
accessible to support the claims made in this
paper.

COMPETING INTERESTS

Author has declared that there are no competing
interests or conflicts of interest to disclose
regarding the research work submitted for
publication. We have no financial or non-financial
interests that could influence the findings or
interpretation of the study.

REFERENCES

1. Inamuddin A, Asiri A, Suvardhan K. Green
sustainable process for chemical and
environmental engineering and science.
Elsevier; 2019.

2. Kashif A, et al. Current advances in the
classification, production, properties and
applications of microbial biosurfactants — A
critical review. Advances in Colloid and
Interface Science. 2022;306:102718.

3. Carvalho D, et al. Antibiofilm activity of the
biosurfactant and organic acids against
foodborne pathogens at different
temperatures, times of contact, and

37

10.

11.

12.

13.

14.

15.

concentrations.  Brazilian Journal of
Microbiology. 2022;53(2):1051-1064.
Nyachuba DG, Foodborne illness: Is it on
the rise? J Nutrition reviews. 2010;68(5):
257-269.

Scotter MJ, Castle L, Chemical interactions
between additives in foodstuffs: A review.
Food Addit Contam. 2004;21(2):93-124.
Sharma D, et al. Production and structural
characterization of Lactobacillus helveticus
derived biosurfactant. Scientific World
Journal. 2014;493548.

Mu Q, Tavella VJ, Luo XM. Role of
Lactobacillus reuteri in human health and
diseases. Front Microbiol. 2018;9:757.

Alam M, et al. Role of probiotic
Lactobacillus reuteri in improving gut
health and immunity in infants and

toddlers: A Review. International Journal of
Nutrition Sciences. 2022;7(2):75-80.

Yang KM, et al. Lactobacillus reuteri
AN417 cell-free culture supernatant as a
novel antibacterial agent targeting oral
pathogenic bacteria. Sci Rep. 2021;11(1):
1631.

Kim YJ, et al. Anti-biofilm effect of the cell-
free supernatant of probiotic
Saccharomyces cerevisiae against Listeria
monocytogenes. Food Control. 2021;121.
Syldatk C, Wagner F. Production of
biosurfactants, in biosurfactants and
biotechnology. Routledge. 2017:89-120.
Igbal S, Khalid Z, Malik K. Enhanced
biodegradation and emulsification of crude
oil and hyperproduction of biosurfactants
by a gamma ray-induced mutant of
Pseudomonas aeruginosa. J. Letters in
Applied Microbiology. 1995;21(3):176-179.
Youssef NH, et al. Comparison of methods
to detect biosurfactant production by
diverse  microorganisms.  Journal of
Microbiological Methods. 2004;56(3):339-
347.

Walter V, Syldatk C, Hausmann R.
Screening concepts for the isolation of
biosurfactant producing microorganisms,
in biosurfactants, R. Sen, Editor. Springer
New York: New York, NY. 2010:
1-13.

Tsukatani T, et al. Rapid and Simple
determination of  minimum biofilm
eradication concentration by a colorimetric
microbial  viability assay based on
reduction of a water-tetrazolium salt and
combinated effect of antibiotics against
microbial biofilm. Journal of Microbiology,



16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

Rafael; Microbiol. Res. J. Int., vol. 33, no. 6, pp. 30-39, 2023; Article n0.MRJI.103169

Biotechnology and Food Sciences. 2016;
6(1):677-680.

Burgut A. Growth inhibition of foodborne
pathogens by co-microencapsulation of
lactobacilli cell free and propolis extracts.
Journal of Food Safety. 2020;41(1).
Saravanan V, Vijayakumar S, Isolation and
screening of biosurfactant producing
microorganisms from oil contaminated soil.
J J. Acad. Indus. Res. 2012;1(5):264-
268.

Menezes Bento F, et al. Diversity of
biosurfactant producing microorganisms
isolated from soils contaminated with
diesel oil. Microbiological Research. 2005;
160(3):249-255.

Phale PS, Malhotra H, Shah BA. Chapter

One - Degradation strategies and
associated regulatory mechanisms/
features for aromatic compound

metabolism in bacteria, in Advances in
Applied Microbiology, G.M. Gadd and S.
Sariaslani, Editors. Academic Press. 2020;
1-65.

Lee BS, et al. Safety assessment of
Lactobacillus reuteri IDCC 3701 based on
phenotypic and genomic analysis. Annals
of Microbiology. 2021;71(1).

Shah N, et al. Biosurfactant: Types,
detection methods, importance and
applications. J Indian  Journal  of
Microbiology Research. 2016;3(1):5-
10.

O'Brien J, et al. Safety evaluation of
probiotics. Trends in Food Science &
Technology. 1999;10(12):418-424.

Schulz D, et al. Screening for
biosurfactants among crude oil degrading

marine microorganisms. J Kieler
Meeresforschungen-Sonderheft.  1991;8:
322-326.

D'aes J, et al. Biosurfactants in plant—
Pseudomonas interactions and their
importance to biocontrol. 2010;2(3):359-
372.

Karlapudi AP, et al. Role of biosurfactants

in  bioremediation of oil pollution-
A review. Petroleum. 2018;4(3):241-
249.

Danhorn T, Fuqua C. Biofilm formation by
plant-associated bacteria. 2007;61(1): 401-
422.

Padmavathi AR, Pandian SK. Antibiofilm
activity of biosurfactant producing coral
associated bacteria isolated from gulf of
Mannar. Indian Journal of Microbiology.
2014;54(4):376-382.

38

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Jose A, Krishnankutty R, Mathew J.
Characterization of biosurfactant produced
by the endophyte Burkholderia sp. WYAT7
and evaluation of its antibacterial and
antibiofilm potentials. Journal of
Biotechnology. 2020;313:1-10.

Banat IM, De Rienzo MAD, Quinn GA.
Microbial  biofilms: Biosurfactants as
antibiofilm agents. Applied Microbiology
and Biotechnology. 2014;98(24):9915-
9929.

Malakar C, Deka S, Kalita MC. Role of
biosurfactants in biofilm prevention and
disruption, in advancements in
biosurfactants research. R. Aslam, et al.
Editors. Springer International Publishing:
Cham. 2023;481-501.

Zampolli J, et al. Identification of a novel
biosurfactant with antimicrobial activity
produced by Rhodococcus opacus R7.
2022;10(2):475.

Srey S, Jahid IK, Ha SD. Biofilm formation
in food industries: A food safety concern.
Food Control. 2013;31(2):572-585.
Stoodley P. et al. Evolving perspectives of
biofilm structure. Biofouling. 1999;14(1):
75.

Friberg S, Mandell L, Ekwall P. Solutions
of alkali soaps and water in fatty acids.
Kolloid-Zeitschrift und  Zeitschrift ~ fr
Polymere. 1969;233(1):955-962.

Puntus IF, et al. Surface activity and
metabolism of hydrocarbon-degrading
microorganisms growing on hexadecane
and naphthalene. Process Biochemistry.
2005;40(8):643-2648.

Ibrahim ML, et al. Production and partial
characterization of biosurfactant produced
by-crude oil degrading bacteria.
International Biodeterioration &
Biodegradation. 2013;81:28-34.

Velraeds MM, et al. Inhibition of initial
adhesion of uropathogenic enterococcus

faecalis by biosurfactants from
Lactobacillus isolates. 1996;62(6):1958-
1963.

Peng F, et al. A novel lipopeptide produced
by a Pacific Ocean deep-sea bacterium,

Rhodococcus sp. TW53. Journal of
Applied Microbiology. 2008;105(3):698-
705.

Morais IMC, et al. Biological and
physicochemical properties of

biosurfactants produced by Lactobacillus
jensenii P6A and Lactobacillus gasseri
P65. Microbial Cell Factories. 2017;16(1):
155.



40.

41.

42,

43.

Rafael; Microbiol. Res. J. Int., vol. 33, no. 6, pp. 30-39, 2023; Article n0.MRJI.103169

Thavasi R, Jayalakshmi S, Banat IM.
Application of biosurfactant produced from
peanut oil cake by Lactobacillus
delbrueckii in biodegradation of crude oil.
Bioresource Technology. 2011;102(3):
3366-3372.

Mnif I, Ghribi D. Glycolipid biosurfactants:
Main properties and potential applications
in agriculture and food industry. Journal of
the Science of Food and Agriculture. 2016;
96(13):4310-4320.

Giordani B, et al. Liposomes containing
biosurfactants isolated from Lactobacillus
gasseri exert antibiofilm activity against
methicillin resistant Staphylococcus aureus

strains. European Journal of
Pharmaceutics and Biopharmaceutics,
2019;139:246-252.

Sarubbo LA, et al. Biosurfactants:
Production, properties, applications,

44.

45.

46.

trends, and general perspectives.
Biochemical Engineering Journal. 2022;
181:108377.

Elshikh M, et al. Rhamnolipids and
lactonic sophorolipids: Natural antimicrobial
surfactants for oral hygiene. Journal of
Applied Microbiology. 2017;123(5):1111-
1123.

Arora J, et al. Surfactant pollution, an
emerging threat to ecosystem: Approaches
for effective bacterial degradation. Journal
of Applied Microbiology. 2022;133(3):1229-
1244.

Chaprdo MJ, et al. Production of a
biosurfactant  from  Bacillus  methy-
lotrophicus UCP1616 for use in the

bioremediation of oil-contaminated
environments. Ecotoxicology. 2018;27(10):
1310-1322.

© 2023 Rafael; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle5.com/review-history/103169

39


http://creativecommons.org/licenses/by/4.0

