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ABSTRACT

Biosurfactants are bioactive surface molecules produced by microorganisms, gaining notoriety for their environmentally friendly
and biodegradable characteristics. This research emphasizes the extraction, production, and analysis of biosurfactants from
hydrocarbon-polluted soils collected from a garage and truck terminal in the Yeshwanthpur industrial region. The samples were
enriched using Mineral Salt Medium (MSM), and bacterial strains were isolated through serial dilution and pour plate methods.
The identification of biosurfactant-producing bacteria was performed utilizing drop collapse, oil displacement, and
emulsification assays. Among the isolates, isolate 2 exhibited the most promising results and was chosen for further research.
Gram staining, endospore staining, and biochemical tests revealed the organism to be Bacillus cereus. Optimization of
biosurfactant production was achieved by adjusting pH, temperature, incubation duration, inoculum volume, and nutrient
sources. The maximum biosurfactant yield was attained with 250 ul of inoculum and with optimum physical parameters of pH
6 and temperature 35°C at a 24-hour incubation period, with glucose and peptone as carbon and nitrogen sources, respectively.
The biosurfactants were extracted through acid precipitation followed by solvent extraction using chloroform and methanol.
The characterization of the crude biosurfactant was performed. The antimicrobial properties against selected bacterial and
fungal strains were assessed using the agar diffusion method, and bioremediation potential was evaluated. Distinct zones of
inhibition confirmed the antimicrobial efficacy of the biosurfactant. These results imply that Bacillus cereus isolated from garage
soil contains effective biosurfactant-producing potential and can be used in environmental bioremediation and antimicrobial
property, offering a sustainable substitute for synthetic surfactants.

Keywords: Biosurfactants, Antimicrobial Properties, Bioactive Compounds, Bioremediation, Biodegradability.

1. INTRODUCRION

Surfactants are compounds that reduce surface and interfacial tension between individual molecules at the surface and interface,
respectively. They are widely used in many industrial applications, such as cosmetics, pharmaceuticals, petroleum, paper, textile,
leather, food, agriculture, and mining. Chemically synthesized surfactants are toxic and non-biodegradable, and their production
costs are high. Hence, there is a growing interest in microbial surfactants, known as biosurfactants, due to their lower toxicity, higher
biodegradability, and eco-friendly nature. Biosurfactants are structurally diverse surface-active compounds produced by various
microorganisms. They include glycolipids, lipopeptides, phospholipids, neutral lipids, fatty acids, and polymeric compounds. These
compounds can be produced from renewable resources such as waste materials, making them economically and environmentally
beneficial. Biosurfactants have applications in oil recovery, bioremediation, agriculture, pharmaceuticals, and food industries.

The increasing demand for eco-friendly and biodegradable surfactants has led to the exploration of novel biosurfactant-producing
microorganisms.

Garage soils, which are exposed to hydrocarbon pollutants such as oils and greases, provide a favourable environment for the growth
of biosurfactant-producing bacteria that can utilize hydrocarbons as their carbon source. Biosurfactants are better than synthetic
surfactant in many aspects like, Environmental safety and biodegradability, microorganisms produce biosurfactants, which easily
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break down into byproducts like water and CO». Petroleum-based synthetic surfactants are typically non-biodegradable and pollute
the environment as they build up (Sharma, et.al.,2023). Biosurfactants are significantly less harmful to both aquatic and land life.
For instance, it has been discovered that glycolipid biosurfactants are roughly 50% less hazardous than synthetic surfactants such
as Tween 80. Certain artificial surfactants may be detrimental to human health and ecosystems. (Ravichandran,2024). A lot of
biosurfactants, like thamnolipids, can lower the surface tension of water below 30 mN/m (to about 26 mN/m). This is frequently
better than any other synthetic surfactants like SDS (about 25 mN/m). Additionally, their critical micelle concentrations are lower,
which indicates that they are efficient.

Biosurfactants are more versatile than synthetic surfactants because of their complex molecular structures, which enable them to
carry out particular tasks like emulsification, antimicrobial activity, and environmental remediation. (Ravichandran,2024).
Biosurfactants are adaptable for a range of industrial applications because they maintain their stability and activity over a wide range
of pH values, temperatures, and salinities. (Sharma, et.al. 2023). Biosurfactants are made biologically through fermentation from
renewable raw materials, which lowers their carbon footprint and dependency on fossil fuels. This is in contrast to synthetic
surfactants, which are made from non-renewable petrochemicals. (Sharma, et al. 2023) (Ravichandran, 2024). Biosurfactant has
wide range of application in all the sectors like, Environmental and bioremediations in encouraging the decrease of surface tension
between the oil and rock, biosurfactants effectively mobilize immobile hydrocarbons by lowering the capillary forces that prevent
oil from passing through rock pores (Rawat, et.al 2020, Khademolhosseini, et.al 2019). Oil cleanup and bioremediation, which are
frequently required due to accidents and the resulting hydrocarbon contamination of the environment, can benefit from the same
qualities that make oil exploration possible. Because they can sustain a high rate of biodegradation in contaminated soils,
biosurfactants are a great ecological substitute for synthetic surfactants, according to bioremediation techniques. (Chandankere,
et.al, 2013). Biosurfactants are technically efficient and can be released in situ, where they can exert their effects with less subsequent
handling effort than their synthetic counterpart. (Zou, et.al, 2014, da Silva, et.al 2020).

Bacterial biosurfactants, which break down microbial membranes and prevent the formation of biofilms, cause many chronic
infections. When it comes to multidrug-resistant pathogens, they exhibit antibacterial, antifungal, antiviral, and anti-adhesive
properties. (de Paniagua-Michel, et al. 2014). Some biosurfactants are cytotoxic to cancer cells, preventing them from proliferating
and differentiating. As a result, they are promising candidates for new anticancer treatments. (Elsheikh. 3 et.al.,2017). Biosurfactants
act as biocompatible drug carriers and improve the solubility and bioavailability of hydrophobic medications. By inhibiting pathogen
colonization, their antimicrobial and anti-biofilm qualities aid in the promotion of wound healing. (Gudia et al. 2013) Industrial and
agriculture application of biosurfactant in, food industry biosurfactants are generally used to enhance texture and shelf life, they are
utilized as natural emulsifiers, stabilizers, and foaming agents. They are also Used in skin care and cosmetic products because of
their antimicrobial, anti-inflammatory, and moisturizing properties as well as their capacity to create stable emulsions. These
biosurfactants also improves nutrient availability and managing phytopathogens, biosurfactants—also used as biopesticides and
biofertilizers—promote plant growth in agriculture field. (Elsheikh. et.al.,2017). They are environmentally friendly substitutes that
work well in harsh pH, salinity, and temperature environments in cleaning supplies and detergents. (Elsheikh. et.al.,2017), (Gudia,
etal.,2013). The research project focuses on identifying and characterizing Biosurfactant producing microorganisms found in garage
soil, with the goal of exploring their potential industrial applications. This study will involve isolating these microorganisms
examining their ability to produce biosurfactants and analysing the properties of the biosurfactants they generate. Ultimately, the
research aims to demonstrate the potential of garage soil as a source of these valuable compounds for various sectors.

2. MATERIALS & METHODS

The project was carried out at the Scientific & Industrial Research Centre (SIRC), Gorguntepalya, Yeshwanthpur Industrial area,
Bangalore, Karnataka.

2.1. Collection of soil sample: 50g of 2 different garage soil samples, contaminated with crude oil, were procured at Yeshwanthpur
Industrial area, in zip lock pouches.

2.2. Enrichment and Isolation of potent bacteria using mineral salt medium: Biosurfactant-producing bacteria was enriched
using MSM Broth composed of (g/1), KH2PO4 (0.3), KiHPO4(4.4), NaCl (1.1), KC1 (1.1), NaNO3(15), FeSO4 (0.0002), MgS04(0.5),
and yeast extract (0.5). The broth was prepared and dispensed into two (500ml) screwcap flasks, by adding 225ml of MSM Broth.
The media was autoclaved and allowed to cool at room temperature, 25¢g of each soil sample was added, and kept for incubation at
37 °C for 48 hours. 1ml of 10 dilution was inoculated via the pour plate method. The plates were kept for incubation at 37 °C for
48 hours. After incubation, four different colonies were selected and pure culture was obtained by streaking. (Faisal. et.al., 2023)

2.3. Screening of biosurfactants: 100ml MSM Broth was prepared, and 25ml of broth was dispensed into 4 test tubes labelled as
isolates (1, 2, 3, 4). A loopful of colony (1, 2, 3, & 4) was inoculated into respective tubes and incubated at 37°C for 48 hours.

2.3.1. Drop collapse test: 2ml of crude petroleum oil was taken in 4 glass vials with screw cap. A drop of isolates 1, 2, 3, and 4
inoculum was added to each vial and allowed to incubate for 2minutes (Jain et.al., 1991)

2.3.2. Oil displacement test: A thin layer of oil is placed on 4 petri dishes, and a drop of each culture inoculum is added and
observed for the clear zone to appear. The diameter of the clear zone is measured in mm at different time intervals (Morikawa, et.al.,
2000).

2.3.3. Emulsification test: 1ml of crude oil was taken in 4 glass vials with screw cap and 2 ml of 4 inoculum samples was added to
each vial respectively and was mixed vigorously to form the foam. The initial height was measured, and the mixture was allowed
to stand at room temperature for 24 hrs, and the final length was measured. (Faisal, et.al., 2023)
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2.4. Identification of potential bacteria: Various biochemical test was performed to identify the bacterial strain like Gram staining,
endospore staining, indole test, methyl red test, vogues Proskauer test, catalase test, oxidase test, starch hydrolysis test, hydrogen
sulphide test, urease test, citrate test and carbohydrate test (Cappuccino,2013)

2.5. Optimization: -

2.5.1. Inoculum preparation: 1000ml of MSM broth was prepared and distributed into 4 test tubes equally and autoclaved and
cooled the tubes, a loop full of inoculum was added and incubated at 37° °C for 48 hours. 10ml of each sample was transferred into
centrifuge tubes and centrifuged at 5000rpm for 15 minutes. Supernatant was collected and this is known as crude biosurfactant.
2.5.2. Extraction of biosurfactant: 10ml of crude biosurfactant was acidified to pH 2.0 using 6N HCI and Incubated at 4°C for
1hr. Then it was transferred into separating funnel to which 20ml chloroform and 10ml of methanol was added and mix vigorously.
solvent layer was collected in pre-weighted evaporating dish. Evaporate on a water bath and cool the dish, then record the final
weight of the dish.

Calculation: - Percentage of biosurfactant= W,-W; X 100
Wi

Where, W= pre weight of the evaporating dish

W>= final weight of the evaporating dish with biosurfactant.
Optimization was performed to provide efficient environmental factors for microorganisms to enhance the productivity by changing
one variable at a time keeping other factors fixed at a specific set of condition. 500ml of MSM broth was prepared and used in
optimization process under different factors considering in this experiment are shown in Table 1. All of the procedures were
conducted in boiling test tubes containing 25ml of sterile MSM broth. (Faisal, et.al., 2023)

Table-1: Optimization of factors to increase the yield of biosurfactant for identified strain

Factors Range
pH 4,5,6,7,8
Temperature (°C) 25,30,35,40
Incubation period (hrs) 24,48,72
Inoculum size (pul) 63,188,250,313
Carbon Glucose, Sucrose
Nitrogen Peptone, Yeast extract

2.6. Production of biosurfactant:

100ml of MSM broth with optimum pH was prepared, autoclaved and cooled. Then optimum inoculum size culture was added and
incubated at optimum temperature and time period. After incubation extraction of biosurfactant was done using above mentioned
steps (2.5.2). The obtained biosurfactant was collected in the vials for further process (Qazi et.al., 2013).

2.7. Characterization of biosurfactant:

The obtained biosurfactant was dissolved using DMS (dimethyl sulfoxide). Extracted crude biosurfactant from cell free culture were
analysed by TLC (thin Layer Chromatography) using silica gel. Chloroform- methanol-water (65:15:2 v/v) solvent system was used.
Various colour developing reagents such as ninhydrin 0.2% in ethanol 16 for lipopeptide, 1-5% of H2SO4 followed by heating at
110° C for 20 minutes for glycolipids and iodine vapours for lipids were used to identify the type of biosurfactant (Sun, et.al., 2018
& Chaurasia, et.al., 2020)

2.8. Applications:

2.8.1. Antimicrobial activity of obtained crude biosurfactant: 100ml nutrient agar and 100ml CPZ agar was prepared was set to
7 and autoclaved. Sterile media was cooled at room temperature and poured to petriplates. Solidified nutrient agar plates were
inoculated with test bacteria like Escherichia coli, Pseudomonas aeruginosa, Bacillus cereus and Staphylococcus aureus. CPZ agar
plates were inoculated with test fungi Fusarium, Penicillium, Trichoderma and Aspergillus niger swabbing method. Wells were
punched using well borer and 100pl of dissolved biosurfactant was added. Nutrient agar plates were incubated at 37°C for 24hrs
and CPZ agar plates were incubated for 4 days at 30°C and observed for the zone of clearance. (Ohadi, M et.al., 2020: jiang, et.al.,
2019)

2.8.2. Bioremediation property: Three sample of soil and water was taken to measure the oil and grease present in it before and
after biosurfactant treatment by gravimetrically. 50ml of sample was taken in beaker and acidified to pH 2. Then it was transferred
to separating funnel followed by 30ml of hexane was added to sample and mixed thoroughly by releasing pressure eventually. The
solvent layer was collected to evaporating dish by passing through sodium sulphite. The empty weight of evaporating dish was
measured and later after evaporation the weigh was measured. The steps were repeated for after biosurfactant treatment where 1001
of biosurfactant was added and repeated the procedure. (Adebajo, et.al., 2020).
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The bioremediation property was calculated using standard formula:

Percentage of oil(mg/It) = W,-W; X 1000 X 1000
Volume of sample

3. RESULT AND DISCUSSION:
3.1. Isolation of bacteria: Several colonies were obtained on MSM agar, four different bacteria (YS1, YS2, YS3 & YS4) were
selected by enrichment technique and pure culture was obtained. The process was performed at many steps to ensure bacterial isolate
that was obtained at the end of the enrichment cycle could be better biosurfactant producers which can degrade crude oil or
hydrocarbons.
3.2. Screening of biosurfactant
3.2.1. Drop collapse test: Drop Collapse test is a qualitative test which is quick and simple method used to screen for biosurfactant
producing microorganism, in which the drop collapses at the bottom of the screw cap bottle in the experiment out of four isolates,
YS2 collapsed quickly due to lower interfacial tension between the inoculum and the oil surface. While isolate 1, 3, and 4 remained
stable for brief period of time. Therefore YS2, active biosurfactant bacteria was used for further studies. Researcher have
recommended the use of drop collapse test during the isolation of biosurfactant producer. Most of the biosurfactant producers give
positive results in this test, suggesting that it is one of the most reliable methods. The stability of the drop depends on surfactant
concentration and corelates with surface and interfacial tensions (Faisal, et.al., 2023).

Table 2: Drop collapse test for the isolated samples.

Sample YS1 YS2 YS3 YS4

Drop collapse test More than 5 Less than 2 More than 5 More than 5

(Time in minutes)

3.2.2. Oil displacement test: It is a quantitative reliable and rapid method used assess the surface activity of biosurfactant produced
bacteria by observing the clear zone formed when inoculum is added to an oil - water interface a clear zone diameter indicates
biosurfactant activity. YS2 showed high oil — water interface forming larger zone of diameter, while other 3 isolates inoculum were
not potentially active compared to YS2. Zeena Ghazi Faisal and her colleagues in their experiment results concluded that, different
biosurfactant producer showed diameter of displaced circle ranging from 3.66 + 1.33mm to 77.66 £+ 0.33mm and no clear zone was
observed with water. (Faisal, et.al., 2023).

Table 3: Oil displacement test for the isolated samples.

Oil displacement Initial diameter Final diameter (in cm)

(in cm) 5mins 10mins 15mins
YS1 0.4 0.5 0.6 0.7
YS2 0.4 0.6 0.7 0.7
YS3 0.4 0.4 0.5 0.7
YS4 0.4 0.6 0.6 0.7

3.2.3. Emulsification test: It is a test which evaluates biosurfactants ability to stabilize emulsion. It involves mixing the
biosurfactant with an oil and measure the height of the stable emulsion layer for different time period. Out of the 4 isolates, YS2 has
shown higher emulsification index of 2cm at 24 hours, compared to other 3 isolates. Zeena Ghazi Faisal and colleagues in their
experiment result showed a variable emulsification activity ranging from 9.66 + 0.66% to 64.66 + 0.33% indicating the ability of
bacterial isolates to produce different amounts of biosurfactants that enhance oil contact with water (Faisal, et.al., 2023).

Table 4: Emulsification test for isolated samples.

Samples Final height of
Igﬁsisigzzgﬁzuigf emulsified liquid
(in cm) (in cm)
YS1 - 1.4
YS2 1.5 2.0
YS3 - 1.8

© 2025, IJARIIT - All rights reserved. Website: www.ijariit.com Talk to Counselor: 9056222273  Page: 143


http://www.ijariit.com/

Namitha K et.al., International Journal of Advance Research, Ideas and Innovations in Technology
(ISSN: 2454-132X)
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Figure 1: Drop collapse test Figure 2: Oil Displacement test Figure 3: Emulsification test

3.3. Staining techniques

3.3.1. Gram staining: - Gram staining was performed to identify the Gram characteristics of biosurfactant producing bacteria.
YS2 was identified as Gram positive bacilli in chains (fig 1).

W
v

Figure 4: Gram staining- Gram positive Bacilli in chain.

3.3.2. Endospore staining: - Endospore staining was performed by Schaffer-Fulton method. YS2 showed the presence of
endospores stained green and vegetative cells were pink (fig 2).
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Figure 5: Endospore staining
3.4. BIOCHEMICAL TEST:

Table 5: The results of various biochemical tests are tabulated below

Sl. no Biochemical test RESULT
1 Indole test Negative
2 Methyl red test Negative
3 Vogus Proskauer Test Positive
4 Citrate test Positive
5 Hydrogen sulphide Test Negative
6 H2S Motility Test Positive
7 Carbohydrate fermentation test Lactose- negative

Maltose- negative

Sucrose- negative

8 Urease test Positive
9 Oxidase test Positive
10 Catalase test Positive

Based on Gram staining, endospore staining and biochemical tests, the isolate was found to be Gram positive endospore forming
bacilli, the results gave positive result for Voges Proskauer, citrate, urease, oxidase, and catalase tests. The bacterium exhibited
motility and did not ferment common sugars (lactose, maltose, sucrose), and did not produce hydrogen sulphide. A dichotomous
key method (based on Bergey’s manual) was used to characterize the organism up to species level and the organism was identified
as Bacillus cereus (Holt, et.al., 1994)

3.5. Optimization

Table 6: Result for Optimization of factors to increase the yield of biosurfactant for identified strain

Factors Optimum Yield (%)
pH 6 0.084%
Temperature (°C) 35 0.075%
Incubation period (hrs) 24 0.022%
Inoculum size (ul) 250 0.33%
Carbon Glucose 0.196%
Nitrogen Peptone 0.087%

3.5.1. pH optimization: pH is crucial environmental factor that significantly impacts microbial growth and survival of different
microorganisms have specific pH growth ranges and optima, influencing distribution and activity. Thus the optimum pH of potent
biosurfactant producing bacteria was found to be pH 6 with the highest biosurfactant yield of 0.084% for 10 ml of crude sample.

3.5.2. Temperature optimization: Temperature plays an important role in bacterial growth and also significantly impact the
production of metabolites. Optimizing temperature is directly proportional to the yield. Out of 4 different temperatures, 35°C had
maximum yield of 0.075% surfactant than at other temperatures.

3.5.3. Incubation period: It involves finding the right time period for microorganism to achieve log phase which doubles the
number of microorganisms. Incubation period directly maximizes product yield and simultaneously minimizes waste and energy
consumption. Hence, in the experiment conducted the optimum incubation period at which the bacteria produce highest yield of
biosurfactant was found to be 24 hours than compared to other incubation time.

3.5.4. Inoculum size: Inoculum size is generally defined as the amount or volume of microorganisms added into a growth medium.
Optimization of inoculum size plays a significant role in fermentation as appropriate size of inoculum in suitable amount of media
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maximize the yield of metabolites or microbial product. In the present study it was found that 250 pl of inoculum per 25ml of MSM
broth(substrate) produced highest yield of biosurfactant (0.33%), whereas lower and higher inoculum size decreased the yield.

3.5.5. Carbon and nitrogen sources: Both carbon and nitrogen are 2 major components which take part in various metabolic
activity from generation of energy to synthesis of metabolites and overall growth of culture. In the present study significant increase
of biosurfactant was seen where basal media was incorporated with glucose as carbon source and peptone as nitrogen source at
optimum temperature and pH as compared to other components.

4. CHARACTERIZATION OF BIOSURFACTANT

TLC (Thin Layer Chromatography) is an analytical technique used for the separation and identification of the molecules from
mixture using thin layer of absorbent material (stationary phase) and a mobile phase (solvent). The molecules separate due to
capillary action based on the difference in affinities of the compounds for the stationary and mobile phases. TLC analysis
conducted for characterization of crude biosurfactant showed reddish pink spot for ninhydrin test indicating presence of
lipopeptide (fig. 6), brown spot for glycolipid by H>SOjs test (fig. 7) and brown spot for lipids in iodine vapours test (fig. 8)

Figure 6: Ninhydrin Test Figure 7: H2S0; Test Figure 8: Iodine vapours test

5. ANTIMICROBIAL ACTIVITY:

Antimicrobial property refers to the inhibitory action of a compound towards microbial growth, it means that either the microbial
growth is inhibited or completely killed. Antimicrobial activity of biosurfactant is one of the important applications which makes
biosurfactant, a potent candidate in medical, pharmaceutical, and agriculture fields, supressing the pathogenic activity by either
disrupting cell membrane, inhibiting cell wall synthesis, or by interfering with other cellular processes. In the present study, the
bacterial biosurfactant has shown antimicrobial activity against Escherichia coli of 2mm of zone of clearance and Staphylococcus
aureus of 1lmm of zone of clearance (fig. 9), fungal colonies of Fusarium of 30mm, Trichoderma of 20mm and A.niger of 21mm
zone of clearance, the minimum inhibitory concentration is recorded (fig. 10).

Figure 9: Antibacterial activity of Figure 10: Antifungal activity of
biosurfactant biosurfactant

6. BIOREMEDIATION:

Bioremediation is an eco-friendly approach which uses living microorganisms to clean up polluted soil and water which are
contaminated with oil pollutants. Bioremediation is one of the most important applications of biosurfactant which has shown
promising result in decontamination of hydrocarbon contaminated soil and water. In the present study bioremediation activity of
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produced biosurfactant was analysed. Where effluent water and soil samples contaminated with hydrocarbons in soil and water
samples were found to be decreased. From the table 6, it was clearly observed that after adding biosurfactant, there was a
significant reduction in the concentration of crude oil and grease residues in soil and effluent water samples.

Table 7: Effect of biosurfactant on bioremediation

Sources Before biosurfactant(mg/l) After biosurfactant(mg/1)
Soil (2226) 240 120
Soil (2491) 40 40
Effluent water (4071) 7000 160
Effluent water (4067) 500 140
Effluent water (4070) 320 20
7. CONCLUSION:

This study focuses on the isolation and characterization of biosurfactant -producing bacteria from hydrocarbon-contaminated garage
soil. Although biosurfactant can be derived from fungi, yeasts, and various bacterial species, the present research emphasizes
bacterial biosurfactant production due to its eco-friendly nature and potential to replace synthetic surfactants in industrial,
agricultural, and medical fields. Soil samples were enriched using mineral salt medium (MSM) broth, leading to the isolation of
four bacterial colonies. These isolates were screened using drop collapse, emulsification index, and oil displacement tests. One
potent strain demonstrating the highest biosurfactant activity was selected for further analysis. The isolate was identified as Bacillus
cereus.

Optimization studies revealed the best production conditions: pH 7, temperature 35°C, a 24-hour incubation period, and an inoculum
size of 25 pL. Glucose and peptone served as the most effective carbon and nitrogen sources, respectively. Under these optimized
conditions, the strain was cultivated for large-scale biosurfactant production in MSM broth. The crude biosurfactant was extracted
and dissolved in DMSO for antimicrobial testing. The compound showed strong antibacterial and antifungal activity against selected
pathogens. Thin-layer chromatography (TLC) analysis confirmed the biosurfactant as lipid-type.

This investigation confirms that garage soil harbours efficient biosurfactant-producing bacteria with substantial antimicrobial and
bioremediation potential. These findings underscore the possibility of using indigenous bacterial strains as a sustainable, non-toxic
alternative to synthetic surfactants in environmental and industrial applications.
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