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Biosurfactant producing microorganisms have a potential in mitigating environmental
pollution contaminated with hydrocarbon. This study aimed to isolate biosurfactant-producing
organisms from the soil contaminated with oil. Out of the eight isolates, six (P1, P2, P3, D1, X,
and Y) produced biosurfactant, as confirmed by the oil displacement method, with isolate P3
showing 4.2 cm oil displacement activity. The emulsification assay revealed that samples P3
and X had the highest emulsification activity at 25%. The identification of biosurfactant was
further confirmed by the foaming activity method and biosurfactant extraction with chloroform
and methanol. The biosurfactant nature was determined by the presence of glycolipid or
neutral lipid, with the Rf values calculated for each isolate, and P3 showing a value of 0.92.
Besides biosurfactant production, samples X, Y, and D1 also exhibited biocontrol activity
against Aspergillus niger and Aspergillus fumigatus, as confirmed by fungal growth inhibition
percentage and electron micrographic studies. This suggests the potential application of these
isolates in bioremediation and biocontrol of plant pathogens. Further identification can be
confirmed through 16s rRNA sequencing.
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Amphipathic compounds, referred to as
surfactants, contain both polar heads and non-
polar tails, which are hydrophilic and hydrophobic
in nature, respectively '. They accumulate at the
interface within various liquid stages, particularly
when there is a liquid/oil collision. When the
concentration reaches precise phases, these
molecules form micelles; this concentration is
termed the crucial micelle concentration 2. Micelles
are molecules that reduce their exterior tension, a
feature of liquids that enables them to endure forces
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from outside within various phases of the liquid.
As a consequence of this, oil gets eliminated from
both soil and water using a surfactant’s properties.
Surfactant compounds are often produced via
synthetic or biological means . Excessive use
of chemical-based surfactants has a negative
impact on the environment *. Biosurfactants
are secondary metabolites generated by a wide
variety of microbial organisms, predominantly
fungi, bacteria, and yeast *”. These metabolites
usually circulate externally or are embedded in cell
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surfaces. They act as antibacterial substances in
microbiological warfare as well as serve arole in the
sense of quorum. Plant disease limits the quantity
and efficacy of fib re and food, including biofuel-
producing plants, while agricultural activities seek
to provide nourishment for the globe’s frantically
rising population. The farmers invest hundreds of
millions of dollars regulating diseases consistently
without enough assistance from experts, which
has detrimental effects such as ineffective disease
control and contamination ®. Furthermore, ailments
of plants may completely annihilate ecosystems
in nature, raising ecological problems driven by
habitat loss and bad land management °. When
locales rely on imported products to compensate
for disease catastrophes, a nutritious diet often
gets substituted by chemically processed foods,
which may deteriorate current medical conditions.
Numerous forms of fungi are believed to trigger
serious illnesses in plants, resulting in a substantial
decline in crop production. The fungal infections
and diseases of crops are typically by far the
most adverse pathogenic microbes, resulting
in substantial harm to farming annually '®'.
Interestingly, microbial biosurfactants have
recently sparked vital business attention because
they deliver a number of benefits over synthetic
alternatives, which make them appropriate
for pharmaceutical use, food manufacturing,
and agriculture '>'*. A series of studies have
addressed a wide range of biological surfactant
manufacturers derived from water-based locations
and heavily contaminated or uncontaminated soil
holding petroleum-based products '*'*. Numerous
rhizosphere and crop-associated microorganisms
developed biosurfactants, which indicate possible
involvement in interactions between plants and
microbes or in general agricultural practices '*'6.
Relevant traits for biological surveillance are being
extremely accurate against pathogenic organisms
in plants, being inexpensive, having minimal
negative environmental impact, and having
insignificant waste disposal problems. Despite
the precise mechanisms through which antagonist
microorganisms impact populations of pathogenic
microbes, they are not always prominent '*'7. In the
present study, bacterial strains were screened for
their antagonistic potential against some common
and destructive fungi, such as Aspergillus niger and
Aspergillus fumigatus. These pathogenic fungi are

responsible for considerable economic loss due to
their destructive effect on the environment. The
bacterial strains were checked for antagonistic
effects by the plate assay method followed by SEM
to confirm the deleterious effects of bacterial strains
on fungal pellets.

MATERIALS AND METHODS

Sample Collections

Bacterial colonies were isolated from
oil-contaminated soil collected from Vishwakarma
Garage near Lakhi Mandir Beltola, Guwahati-28,
Assam. The sample was taken in a sterile falcon
tube, transported to a laboratory, and was stored at
4°C for further analysis.
Isolation of Bacterial Colonies

An amount of 5 grams of soil sample and
100 ml of “Mineral Salt Medium” was prepared
in different conical flasks, and 1 mL of diesel and
petrol were added respectively to serve as carbon
sources. To derive bacteria yielding biosurfactant,
the mixture was agitated simultaneously at 200
rpm for a duration of 72 hours at 30°C in order to
develop a well-dispersed suspension. Isolation was
performed using the serial dilution method onto
Salt Nutrient Agar. The plates were then incubated
for 2448 hours at 37°C. Bacterial colonies were
studied based on morphological characteristics and
were chosen for further analysis. The pure isolates
were maintained on nutrient agar slants and were
stored at 4°C for further studies.
Extraction and production of Biosurfactant

Colonies were inoculated in mineral broth
containing 2% vegetable oil (olive oil), petrol,
diesel, and kerosene and were incubated in an
optimized condition for 24-48 hours in a shaker
operating at 120 rpm, followed by centrifugation
at 10,000 rpm for 20 mins at 4°C, and the
supernatant was taken as a crude source. The pH
of the supernatant was adjusted to 2.0 using 6N
HCI and was left undisturbed at 4°C overnight.
An equal volume of chloroform and methanol in
a ratio of 2:1 was mixed with the supernatant and
was agitated for complete mixing. The mixture was
left undisturbed until it evaporated.
Measurement of surface tension

The surface tension of the cell-free broth
was measured using the tensiometer (Wilhelm
plate) method. For comparison with distilled water,
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a cleaned Wilhelm plate was used, and onto it, 50
ml of crude biosurfactant compounds were added.
The relative tension of the surface values was then
measured using the tensiometer and recorded after
a period of 72 hours .

Thin Layer Chromatography

A silica gel plate was used, and a crude
biosurfactant was added to it. The biosurfactant
was then separated using a solvent-based technique
involving chloroform: methanol: acetic acid:
water (25:15:4:2) with different color developing
reagents. The glycolipid biosurfactant molecules
were identified as having a yellow coloration
using the Anthrone reagent, and the lipopeptides
in the biosurfactant were confirmed to have a red
discoloration using the ninhydrin reagent.

Oil spreading Technique

The evaluation of surfactant oil dispersing
ability was carried out in the dispersion of oils *.
In a petri plate, 50 ml of deionized water and 10 ul
of crude oil were mixed, resulting in the formation
of a thin outer layer of oil. Subsequently, 10 pl of
culture filtrate was precisely poured at the center of
the crude oil coating. If surfactant molecules were
found in the supernatant, they replaced the crude
oil, and the area turned clear. The circumference of
the clearance area was referred to as oil expulsion
activity.

Emulsification Assay

Emulsifying activity was determined
using E24, known as an emulsification index
method with little modification as described by
?_For the emulsifying activity test, 2 ml of crude
oil was added to a test tube. After centrifugation,
the supernatant was vortexed for five minutes to
ensure consistent mixing of the liquids. Within
24 hours, the emulsifying rate was recorded, and
the activity was determined using the following
specific formula:

E24 is calculated as the percentage of the
thickness of the emulsifier phase divided by the
entire height of the liquid column ..

Foaming activity

Foaming activity was determined
following the method given by Abou Seoud et al.,
22, Bacterial isolates were maintained in nutrient
broth medium for a period of 72 hours, with
continuous agitation at 200 rpm at 37°C. Foamy
action is determined by the period of its stability,

foamy elevation, or foamy shape in the graduated
cylinder.
Fungal Strains

Fungal strains of Aspergillus niger and
Aspergillus fumigatus were collected from the
laboratory of the Department of Microbiology,
College of Veterinary Science, Khanapara bearing
ATCC 16888 and ATCC 204305. The isolates were
maintained on Czapek dox agar and potato dextrose
agar under optimum conditions.
In vitro siderophore assay

The chrome-azurol S (CAS) was used
to determine if siderophores were generated by
the isolated cells . Blue agar was prepared by
homogeneously mixing 60.5 mg of chrome-
azurol S in 50 ml of double-distilled water
with a 10 ml Fe (III) solution. Subsequently,
40 ml of water containing 72.9 mg of
hexadecyltrimethylammonium (HDTMA) was
gradually mixed into the solution, resulting in a
dark-colored solution, which was then autoclaved.
A mixture containing 750 ml of distilled water, 15
g of agar, 30.24g of PIPE buffer (1000 mL distilled
water 302.37g of Pipe), and 12g of 50% NaOH
solution (pH 6.8) was autoclaved separately. After
cooling the sterilized solution to 50°C, 30 ml of
10% casamino acid v/v was added. The colored
solution was then added along the glass walls with
adequate agitation to mix the components without
producing foam. The media was then plated. By
adding a 10 mM Fe (III) solution, the agar was
given a bright blue color. Siderophores, excreted by
iron-deficient microorganisms, generally exceeded
this limit, leading to a shift in the entire color shade
to orange.
In vitro antagonistic activity

Yeast Extract Mannitol (YEM) agar
media was used to culture both bacterial and fungal
isolates. The capacity of the isolated bacteria to
suppress the growth of fungal strains on yeast
extract mannitol agar plates was then assessed. The
petri plates were subsequently kept at 27 °C for
5-7 days and observed for clear zone of inhibition
indicating cessation of fungal growth.
Scanning Electron Microscopy

The fungal isolates growing towards the
zone of interaction with the bacterial isolate were
subjected to scanning electron microscopy (SEM).
The sample was air-dried, and an agar disc of Imm
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thickness was cut from the center of the petri plates,
serving as a control sample. Another sample was
prepared by cutting an agar disc of Imm thickness
from the edges of the point of interaction and
placing it on cover glasses. These samples were
coated with gold or palladium (Au or Pd coating)
and mounted on an aluminum stub before imaging
and scanning using FE-SEM Zeiss Sigma VP with
HT voltage.

RESULTS AND DISCUSSIONS

Isolation of Bacteria and screening of
biosurfactant activity

Biosurfactants are useful in hydrocarbon
bioremediation because they support the growth
of microorganisms and consume hydrocarbon
contaminants. Microorganisms can produce
a wide variety of biosurfactants, which are
environmentally friendly as compared to chemical
surfactants **. In the presence study biosurfactant
microorganism were isolated from oil spilled soil
from a local garage situated in Lakhi Mandir area
of Beltola, Guwahati-28, Assam. Eight bacterial
isolates (P1, P2, P3, D1, D2, D3, Y, and X) with
different morphologies were isolated and cultured
on nutrient agar media, and stored at 4°C for further
study.

Surface tension measurement

The oil spreading and surface tension
assays were found to be directly correlated. There
was a marked reduction in the surface tension of
cell-free culture broth. The results showed that the
isolate “P3” had the highest reduction in surface
tension compared to other samples, as indicated
in Table 2. Surface tension reduction was also
measured for other isolates, which indicated the
production of surface-active compounds ». Isolate
Y showed a surface tension of 40.8 mN/m, and
isolate X and D1 showed activity of 41.8 and 46.5
mN/m, respectively.
Thin layer chromatography

Thin-layer chromatography (TLC)
showed a brown spot when the plate was sprayed
with anthrone reagent, confirming the presence of
amino acids. The brown spot indicated the presence
of glycolipid-type biosurfactant. Rf value of 0.78
cm for P2, 0.88 cm for P3,0.87 cm for D1, 0.88 cm
for X, and 0.85 cm for Y were recorded. Rf value
of 0.88 was consistent with mono-rhamnolipid
moieties A Rf value of 0.6 cm was found in work
carried out by ?°. The results Rf values of isolates
P1, P2, P3, DI, X, and Y, as shown in Table 3.
Oil spreading technique

Oil spreading assay showed positive
results for the isolates. ¥ explained that the oil

Fig. 1. a) Electronmicrograph showing control site of 4.niger b) Image showing inhibition of of A.niger by
isolate D ¢) Electronmicrograph showing control site of A.fumigatus d) Image showing inhibition of A.fumigatus
by isolate X e) Electronmicrograph showing fragmentation of 4.fumigatus hyphae by isolate X



SHARMA et al., Biosci., Biotech. Res. Asia, Vol. 21(1), 229-237 (2024)

displacement area is directly proportional to the
surface-active compound in the solution. However,
in this study, only the qualitative study was done
to check the presence of surfactant. All the six
bacterial isolates (P1, P2, P3, D1, X, and Y) were
able to displace oil and clear zone was observed
2 The clear zone diameter was measured and the
results are presented in Table 1. Oil displacement
for isolates P1, P2, P3, D1, X and Y was compared
to earlier work done by *.
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Emulsification Assay

The emulsification assay is a method
used to screen for the production of biosurfactants.
It is based on the assumption that if a cell-free
culture broth contains biosurfactants, it will be
able to emulsify hydrocarbons. In this study,
crude oil was used as the hydrophobic substrate.
The emulsification index (E24) of all six isolates
is shown figure 3. The graph illustrates the
emulsification activity of the bacterial isolates,

Fig. 2. a) Showing the antifungal activity by bacterial isolates on A.niger b) Showing antifungal activity by
bacterial isolates on A.fumigatus

Table 1. The oil spread technique’s result

Table 2. Measurement of surface tension

No  Bacterial Clear zone Interpretation N S : Ti Readi N/
strain’s diameter(cm) o ampie me cading (mN/m)
1 P1 34 Tt 1 P1 72 hrs 46
2 P2 4.0 . 2 P2 72 hrs 354
3 P3 42 +++ 3 P3 72 hrs 50.9
4 D1 35 T 4 D1 72 hrs 46.5
5 X a1 e 5 X 72 hrs 418
6 Y 38 T 6 Y 72 hrs 40.8
Table 3. Result of Thin layer chromatography
No  Bacterial Distance moved Distance moved by Rf value
sample by the Molecule the mobile phase
1 P1 132 17 0.78
2 P2 15 17 0.88
3 P3 15.6 17 0.92
4 D1 14.9 17 0.87
5 X 15 17 0.88
6 Y 14.6 17 0.86
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with P3 and X having the highest E24% values
compared to other isolates such as P1, P2, D1, and
Y. The study investigated the potential of a strain
of bacteria in emulsifying crude oil, and results
showed that samples “X” and “P3” exhibited the
highest emulsification activity at 25% in diesel as
compared to samples Y, D1, P1, and P2, where other
studies mention an emulsification assay of 70% 2.
Emulsification is an indication that biosurfactants
produced by the isolates can be used for enhancing
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bioremediation of hydrophobic environmental
contaminants. The values are the average of three
readings, and emulsification indices greater than
30% are indicated in bold to show high activity.
Foaming Activity

The foaming activity method confirmed
that all six isolates (P1, P2, P3, DI, X, and Y)
are biosurfactant producers. Foamy activity of
all the isolates showed stability, foamy elevation
in the graduated cylinder. The foaming activity

Emulsification assay ofisolated bacteria
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Isolated bacteria

Fig. 3. Bar graph presenting Emulsification assay of isolated bacteria

Antagonistic activity ofisolate X and D on A.niger and
A.fumigatus
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Fig. 4. Graph showing fungal inhibition of Aspergillus niger and A.fumigatus by bacterial Isolate D and X.
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of biosurfactant-producing microorganisms is a
measure of their ability to produce surfactants
that reduce surface tension and stabilize air-water
interface, indicating biosurfactant production.
This parameter can be used to screen for new
biosurfactant-producing microorganisms and to
optimize biosurfactant production conditions.
Siderophore Assay

In this study, the isolates X, Y, and
D showed production of siderophore on CAS
agar media. Several studies have reported the
production of siderophores by different rhizobial
strains **3!. Several strains of Pseudomonas
florescent have also been reported to produce
siderophores **3*. Siderophores are important
metal-chelating agents, which are known to increase
bioavailability of Fe to bacteria under Fe limiting
conditions **. In oil-rich environments, microbes
associated with oil production formed amphiphilic
siderophores, which are highly advantageous.
These microorganisms, including oil-degrading
bacteria, produce biosurfactants to disperse and
emulsify hydrocarbons Amphibactins, due to their
amphiphilic nature, serve as both siderophores and
biosurfactants. This dual role serves in the process
of iron uptake and hydrocarbon degradation * 37,
They prevent siderophore diffusion and enhance
oil solubility at the bacterial membrane, facilitating
efficient degradation of hydrocarbons.
Antagonistic activity and SEM

Isolates X, Y, and D showed biocontrol
activity against Aspergillus niger and Aspergillus
Sfumigatus. Similar studies were also carried out with
Sinorhizobium meliloti against phytopathogenic
fungi **. The fungal growth inhibition percentage
increased with an increase in the incubation period,
this may be because of the release of secondary
metabolites by the bacterial isolate D, X and Y
along with incubation period **.Isolate D inhibited
the growth of Aspergillus fumigatus and Aspergillus
niger by 70% after 5 days of incubation, whereas
isolates X and Y were found to be effective by
60% after 5 days of incubation as shown in figure
4. Electron micrographic studies of isolates X, Y,
and D showed clear morphological abnormalities
including breakage and swelling in some parts
of the hyphae and mycelium of Aspergillus
niger and Aspergillus fumigatus confirming the
antagonistic behavior of the isolates. It is observed
that deformities in fungal hyphae of M. phaseolina

caused by a strain of Pseudomonas florescent
through the production of secondary metabolites*.
Summary

In this study, isolation and characterization
of biosurfactant-producing organisms from oil-
spilled soil provide valuable insights into their
potential applications in various fields. The results
of this study demonstrated the effectiveness of six
isolates (P1, P2, P3, D1, X, and Y) in producing
biosurfactants, which were confirmed through
various assays, which includes oil displacement,
emulsification, foaming activity, surface tension
reduction, and lipid analysis. Moreover, the isolates
showed biocontrol activity against pathogenic
fungi and the ability to produce siderophores,
highlighting their potential in bioremediation and
biological control.

The antagonistic behaviour of the isolates
against Aspergillus niger and A. fumigatus was
confirmed through electron micrographic studies,
which suggest that biosurfactants  produced by
these isolates have a potential role in controlling
fungal infections. However, further studies
are needed to identify the specific compounds
responsible for this activity.

CONCLUSION

Biosurfactant production by
microorganisms has variety of potential applications
in various fields, including bioremediation and
biological control. The underlying research
includes the applications of microbes isolated
from oil spills that can be used not only for
minimizing hydrocarbon contamination but also
for their antagonistic effects on pathogenic fungi.
Various tests confirmed the isolates as biosurfactant
producing microbes as well as how they can
be effective against fungi, thereby, controlling
fungal infections. However, additional studies are
required to investigate the molecular mechanisms
underlying the observed activities and to optimize
the production of biosurfactants for its use in
mitigation of environmental pollution.
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