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Abstract

The increasing demand for eco-friendly and biodegradable surfactants has driven the search for efficient microbial
biosurfactants as sustainable alternatives to synthetic chemicals. The present study reports the isolation, screening,
optimization and molecular characterization of a biosurfactant-producing bacterium recovered from petroleum-
contaminated soil. Bacterial isolates were obtained via serial dilution and spread-plate techniques on agar media, with
pure cultures established through the streak-plate method and subsequently activated in nutrient broth. Primary and
secondary screening confirmed biosurfactant-producing activity in the active culture. Optimization of biosurfactant
yield was carried out by evaluating the influence of varying pH conditions, nitrogen sources, and carbon sources on
production efficiency. The biosurfactant was extracted using the acid precipitation method. The biosurfactant
producing organism was identified asKocuria marina using MALDI-TOF MS. The extracted Biosurfactant exhibited
characteristics consist with a glycolipid-type biosurfactant, possibly rhamnolipid like in nature. These results
establish Kocuria marina as a promising candidate for Glycolipid type biosurfactant production with potential
applications in bioremediation and industrial biotechnology. Future studies should focus on process scale-up and
evaluation of its performance under field and industrial conditions.

Keywords: Biosurfactant, Petroleum-contaminated soil, Kocuria marina, Rhamnolipid, MALDI-TOF, HPLC, GC-
MS.
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Introduction
Biosurfactants are  amphiphilic  microbial
compounds containing both hydrophilic and

hydrophobic groups that reduce surface and
interfacial tension between different phases
(Sarubboet al., 2022). These biomolecules
possess  important  properties  such  as
emulsification, detergency, foaming, and oil
dispersion, which make them wuseful in
environmental, pharmaceutical, petroleum,
cosmetic, and food industries (Fakruddin, 2012).
Unlike synthetic surfactants, biosurfactants are
biodegradable, less toxic, environmentally
friendly, and stable under extreme conditions such
as high salinity, temperature, and pH (Makkar et
al.,2011).

Marine microorganisms are considered important
sources of novel biosurfactants because they
survive in saline and stressful environments,
which enhances the production of unique
bioactive metabolites (Sarubbo et al., 2022).
Kocuria marina is a Gram-positive, aerobic,
halotolerant marine actinobacterium isolated from
marine sediment and capable of tolerating high
salt concentrations (Kim et al., 2004). Due to its
adaptation to marine conditions and unique
cellular characteristics, Kocuria marina may have
potential for Dbiosurfactant production and
industrial applications.

Although biosurfactant production has been
widely studied in genera such as Pseudomonas,
Bacillus, and Candida, limited studies are
available on biosurfactant extraction and
characterization from Kocuria marina. The
extracted biosurfactant from Kocuria marina can
be further explored for large-scale production and
its applications in bioremediation, oil recovery,
pharmaceuticals, agriculture, cosmetics, and other
environmentally sustainable industrial processes.

Materials and Methods

An Oil-contaminated soil sample was collected
from Road Number 6, Sugandhi, Sector 23,
Gandhinagar, Gujarat-382016. The sample was
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serially diluted and inoculated on Nutrient Agar
(N agar) medium followed by incubation at 37°C
for 48 h for bacterial isolation (Jaysreeet al.,
2011).

Distinct colonies were selected based on
morphological characteristics and purified by
repeated streaking on fresh N agar plates to obtain
pure cultures (Nayarisseri et al., 2018).

Nutrient broth medium was prepared using 125
mL distilled water, 0.625 gm peptone, 0.625 gm
sodium chloride, 0.25 gm yeast extract and 0.125
gm meat extract, followed by sterilization through
autoclaving. A selected bacterial colony from the
pure culture was inoculated into the nutrient broth
medium and incubated at 37°C for 48 h to obtain
an active bacterial culture (Jaysree et al., 2011).

Primary screening was carried out using drop
collapse assay and oil displacement test. In the
drop collapse assay, 1 mL active culture was
centrifuged at 2000 rpm for O min, and the
supernatant was added onto crude oil on a glass
slide to observe drop collapse activity. In the oil
displacement test, 20-25 mL distilled water and
crude oil were added to a petri plate, followed by
30-50 pL culture supernatant. Formation of a
clear zone after 1-2 min indicated biosurfactant
production (Chithra & Hemashenpagam, 2021).

Secondary screening was performed using phenol
sulphuric acid test and emulsification assay. In the
phenol sulphuric acid test, 2 mL supernatant was
mixed with 5% phenol followed by dropwise
addition of sulphuric acid and colour change was
observed. For emulsification assay, 2 mL crude
oil was added to 2 mL culture supernatant,
vortexed for 2 min, and kept at room temperature
to measure the height of the emulsion layer
(Saikia, 2012).

Optimization of biosurfactant production was
carried out using nutrient broth medium adjusted
to different pH values (4.5, 7 and 8.5) using HCI
and NaOH after sterilization. Selected bacterial
colonies were inoculated into the prepared media
and incubated on a shaker at 150 rpm at room
temperature for 48 h (Saikia, 2012). Biosurfactant
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production at different pH conditions
evaluated by secondary screening methods.

was

Optimization of biosurfactant production was
carried out using two different media
compositions prepared in 100 mL distilled water
containing nutrient broth supplemented with 0.5
gm NaNO; and 2 gm glucose. After sterilization,
selected bacterial colonies were inoculated into
the media and incubated at 37°C for 48 h. The
cultures were centrifuged at 6000 rpm for 2 min
(Sarubboet al., 2022), and the obtained
supernatant was used to evaluate biosurfactant
production through secondary screening methods.

The biosurfactant-producing bacterium  was
identified using Matrix-Assisted Laser
Desorption/Ionization Time-of-Flight (MALDI-
TOF) mass spectrometry at the Gujarat
Biotechnology = Research  Centre = (GBRC),
Gandhinagar, Gujarat, India. Pure bacterial
culture was obtained by repeated streaking on
nutrient agar plates followed by incubation at
37°C for 24 h. A single isolated colony was
subjected to MALDI-TOF MS analysis, and the
bacterium was identified based on the best match
score confirming its taxonomic identity.

Biosurfactant extraction was performed by acid
precipitation method. Active culture was
centrifuged at 8000 rpm for 10 min, and the
collected supernatant was adjusted to pH 2 using
HCl and stored at 4°C. Formation of white
precipitates confirmed biosurfactant production
(Saikia, 2012).

High-Performance  Liquid  Chromatography
(HPLC) analysis of the extracted biosurfactant
was carried out at the Gujarat Biotechnology
Research Centre (GBRC), Gandhinagar, Gujarat,
India. The analysis was performed at 280 nm
using acetonitrile and water as the mobile phase
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with a flow rate of 0.5 mL/min and a run time of
30 min for characterization of biosurfactant
components (Wang et al., 2024).

GC-MS analysis was performed at Gujarat
Biotechnology = Research  Centre = (GBRC),
Gandhinagar, Gujarat, to identify the components
of the extracted biosurfactant. Partially purified
biosurfactant (0.1 g) was dissolved in methanol
(100 pg/mL) and analysed using a ZB-5MS
capillary column with helium as carrier gas at a
flow rate of 2 mL/min. The injector and detector
temperatures were maintained at 230°C and
280°C, respectively. The column temperature was
programmed from 80°C to 280°C at a rate of
8°C/min (Elazzazyet al., 2015).

Results and Discussion

According to Jaysree et al. (2011), bacterial
isolates obtained from oil-contaminated soil can
be effectively purified and maintained for further
screening of biosurfactant-producing activity.

Primary screening for biosurfactant production
was performed using drop collapse and oil
displacement assays. Out of six isolates, five
isolates showed positive results in the drop
collapse assay [Table 1], while isolate 11 107
showed no activity.

In the oil displacement assay [Table 2], isolate 1
10" exhibited the highest activity (+++), whereas
isolates 14 107, 3 107, and 4 10° showed
moderate activity (++). Isolate 2 10 showed
weak activity (+), confirming the presence of
biosurfactant-producing bacterial isolates. Similar
screening methods for identification of potential
biosurfactant-producing  bacteria  from oil-
contaminated soil were also reported by
Saravanan and Vijayakumar (2012).
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Table 1: Drop collapse assay

Slide | Isolate Initial shape of | Observation after 1 | Result
no. oil drop or 2 min (+/-)
1. 14 107 Beaded Collapse +

2. 110" Beaded Collapse +
3. 2107 Beaded Collapse +
4. 11107 Beaded Beaded -

5. 3107 Beaded Collapse +
6. 4107 Beaded Collapse +

Figure-1: Drop collapse assay

&
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Table 2: Oil displacement assay

Plate | Isolate | Volume Visual observations Oil Result

no. of CFS displacement | (+/-)
in pl activity

1. 14 107 20 Prominent clear zone Moderate ++

2. 110" 20 Very prominent clear Strong -+

zone

3. 2107 20 No visible clear zone Weak +

4. 11107 20 No clear zone Negative -

5. 3107 20 Prominent clear zone Moderate ++

6. 4107 20 Prominent clear zone Moderate ++

Figure-2: Oil displacement assay
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Secondary screening was performed using 2
assays: Phenol acid assay and Emulsification
assay. The phenol sulphuric acid assay showed
variation in biosurfactant production among the
isolates based on OD values at 480 nm. [Table 3]
Isolate 10" exhibited the highest activity (OD

1.92), followed by isolate 102 (1) (OD 1.37),
while the remaining isolates showed lower OD
values. The higher absorbance observed in isolate
10" indicates greater glycolipid biosurfactant
production.

Table 3: Phenol acid assay

Isolate | OD at 480 nm | Phenol Sulphuric
Acid Assay Result

10-1 1.92 Highest activity

10-2 (1) 1.37 Moderate activity

10-2 (2) 1.00 Low activity

10-9 1.03 Low activity

10-5 0.95 Lowest activity

Figure-3: Phenol acid assay

The emulsification index (E24) assay showed
variation in emulsifying activity among the
bacterial isolates. [Table 4] Isolate 107 (2)
exhibited the highest emulsification index of 30%,
followed by isolate 1072 with 25%. Isolate 10”
showed moderate activity with 20%, while

', : l _- ;__“._'...’
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isolates 10" and 10” showed lower emulsification
activity of 15%. Higher E24 values indicate better
emulsification efficiency and biosurfactant
production potential (Saravanan & Vijayakumar,
2012; Bodour et al., 2004).

Table 4: Emulsification assay

Isolate | E24 (%) after 30 min | Activity Level
10" 15 Low
107 25 Moderate
107 (2) 30 Highest
107 20 Moderate
10”° 15 Low
Eyy(%) = ( Height of the emulsified layer )
- Total height of the liquid layer
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Figure-4: Emulsification assay

The phenol sulphuric acid assay showed variation
in biosurfactant production at different pH
conditions. [Table 5] Isolate 14 (10®) exhibited
the highest OD value at pH 4.5 (2.75), while
isolate 1 (10™) showed maximum activity at pH 7
(2.09). Isolate 3 (107%) showed comparatively

higher activity at pH 4.5 (2.10) and gradually
decreased at higher pH values. Overall, neutral
pH (7) and acidic pH (4.5) supported greater
biosurfactant production, whereas alkaline pH
(8.5) resulted in reduced activity (Saikia, 2012).

Table 5: Phenol acid assay for optimization of Biosurfactant at different pH

pH OD at 480 nm of OD at 480 nm of OD at 480 nm of
Isolate 14 107 Isolate 1 107! Isolate 3 107

4.5 2.75 0.57 2.10

7.0 0.56 2.09 0.85

8.5 0.50 1.41 0.50

Figure-5: Phenol acid test for different pH optimization
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The emulsification index (E24%) varied among
the isolates at different pH conditions. Isolate 10”
showed the highest emulsification activity at pH
8.5 with an E24 value of 65%, while isolate 107
exhibited 60% activity at the same pH. Isolate 10

? showed stable activity at pH 4.5 and 7.0 (45%)
and increased to 55% at pH 8.5. The results
indicate that alkaline pH (8.5) favoured maximum

biosurfactant production among the tested isolates
(Saikia, 2012).

Table 6: Emulsification assay for optimization of Biosurfactant at different pH

pH | E24 (%) of Isolate 10° | E24 (%) of Isolate 10" | E24 (%) of Isolate 10~
4.5 45 40 45
7.0 45 50 45
8.5 65 60 55

Figure-6: Emulsification assay for optimization of Biosurfactant at different pH

The phenol sulphuric acid assay showed variation
in biosurfactant production using different carbon
and nitrogen sources. [Table 7] Glucose exhibited
consistently high OD values (3.0) for all isolates,
indicating enhanced biosurfactant production. In
contrast, sodium nitrate showed variable activity,

with isolates 10 and 107 exhibiting higher OD
values (3.0), while isolate 10" showed lower
activity (1.3). The results suggest that glucose was
a more effective source for biosurfactant

production compared to sodium nitrate (Sarubboet
al., 2022).

Table 7: Phenol acid test for optimization of Biosurfactantusing nitrogen and carbon source

Isolate | OD with Sodium Nitrate | OD with Glucose
107 3.0 3.0
107 1.3 3.0
10~ 3.0 3.0
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Figure-7: Phenol acid assay for optimization of BS using N and C source

Bruker MALDI Biotyper
Identification Results

Run Info:

Run Identifier: 260205-1547-211
Comment:

Operator: Admin@FLEX-PC

Run Creation Date/Time: 2026-02-05T15:57:47.828
Number of Tests: 3

Type: Standard

BTS-QC: not present

BTS-QC Position:

Instrument ID: 1857371.00994

Server Version: 4.1.100 (PYTH) 174 2019-06-158_01-16-09

Result Overview

Sample | sample!D | Organism (best match) | SSore °’9‘“i'“r;£,':h°,°““‘h°" e
( +;';3] ( S[.mt];xr & Shewanella xiamenensis il b Shewanella xiamenensis 170
23 3 No Organism Identification . No Organism Identification

(<) (C) (Standard) Possible Possible

St | Standamn Kosuria marina L78 Kocuria maring L2
Biosurfactant extraction by acid precipitation confirmed successful biosurfactant production by
method resulted in the formation of visible white the bacterial isolate. Similar observations of white
precipitates after centrifugation and acidification biosurfactant precipitates after acid precipitation
of the culture supernatant to pH 2 followed by were reported by Zhou et al. (2019).

storage at 4°C. The obtained precipitate
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Figure-8: Biosurfactant production

‘ Storage at 4’ Celsius ‘

Centrifugation

MALDI-TOF MS analysis was carried out for
rapid identification of bacterial isolates based on
protein mass spectral fingerprints. Among the
analyzed samples, 1 10" was identified as
Shewanella xiamenensis with score values of 1.71
and 1.70, indicating probable genus-level
identification. Sample 5 10° showed low score
values (1.37 and 1.35), and no reliable
identification was obtained. Sample 14 10” was
identified as Kocuria marina with score values of
1.78 and 1.74, indicating reliable genus-level
identification asKocuria Species.

Biosurfactant

The HPLC chromatogram showed a major peak at
approximately 5.0 min, indicating the presence of
a dominant biosurfactant compound, likely a
glycolipid-type  rhamnolipid. Minor  peaks
observed between 5.5 and 6.5 min may represent
different phenolic compounds and biosurfactants
with aromatic groups. No significant peaks were
detected between 8 and 15 min, suggesting the
absence or negligible presence of lipopeptide
biosurfactants such as surfactin, iturin, and
fengycin (Wang et al., 2024).

Figure-9: HPLC chromatograms

Datafile Name:sample_02042026.lcd
Sample Name:sample_02042026

Sample ID:sample_02042026

mAU
280nm,4nm

0.0 25 5.0 7.5 10.0 12,5 15.0

GC-MS analysis revealed the presence of fatty
acid derivatives, hydrocarbons, ester compounds,
and trimethylsilyl (TMS) derivatives, indicating
lipid-based components in the extracted
biosurfactant sample. Thio et al. (2022) reported
that the detection of B-hydroxy fatty acid chains
(C10-C12) is characteristic of rhamnolipid
biosurfactants. Smyth et al. (2010) stated that GC-
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MS analysis mainly detects lipid fragments rather
than complete biosurfactant molecules. Tawila et
al. (2022) also reported that the sugar moiety of
rhamnolipids is not directly detected in GC-MS
due to its mnon-volatile nature. Therefore,
correlation of GC-MS, HPLC, and biochemical
assay results confirmed the biosurfactant as a
glycolipid-type.
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Figure-10: GC-MS chromatograms
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Conclusion

In increasing use of synthetic surfactant
contributes significantly environmental pollution
and poses challan to Human and ecosystem
health. the present study  successfully
demonstrated the isolation, optimization, and
characterization of biosurfactant produced by
Kocuria marina, and characterized biosurfactant-
producing bacteria from oil-contaminated soil.
Primary and secondary screening assays
confirmed biosurfactant production, and isolate14
(10°) showed higher emulsification and phenol
sulphuric acid assay activity among the tested
isolates. MALDI-TOF analysis identified the
isolate as Kocuria marina. Optimization studies
showed that Kocuria marina produced higher
biosurfactant activity at pH 8.5, with E24 values
reaching 65% indicating favourable biosurfactant
production under alkaline conditions. Glucose
supported  higher  biosurfactant production
compared to sodium nitrate. Biosurfactant
extraction by acid precipitation produced white
precipitates, confirming successful recovery of
the compound. Approximately 0.1-0.3gm of crude
biosurfactant was obtained from 200 mL of
culture supernatant after acid precipitation. HPLC
and GC-MS confirmed the biosurfactant as a
glycolipid-type rhamnolipid containing -hydroxy
fatty acid chains (C10-C12). The study
demonstrates the potential of Kocuria marina for

biosurfactant production and its possible
application in environmental and industrial
processes.
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