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Production of Rhamnolipids by Pseudomonas
aeruginosa HB6 (39) Isolated from Petroleum-
Hydrocarbon Contaminated Environment

Faith C. Samuel-Osamoka, Daniel J. Arotupin, Oladipo O. Olaniyi, and Ibrahim M. Banat

ABSTRACT

The current study evaluated hydrocarbon-degrading and biosurfactant-
producing potentials of bacteria isolated from hydrocarbon contaminated
soil in Nigeria, the largest crude oil reservoir in Africa. Pure bacterial
isolates were grown on nutrient and Bushnell Haas agar. Bacterial isolates
that grew on both media were molecularly identified via 16S rDNA
sequence. Biosurfactant production detection was carried out via oil spread
test, drop collapse test and surface tension measurement. The bacterial
isolate with the lowest surface tension value was used for further studies.
The growth of the selected isolate was measured using Spectroscopic
technique, while the production of biosurfactants in the culture supernatant
were determined by the measurement of surface tension, and the extracted
surfactants were characterized by High Performance Liquid
Chromatography-Mass Spectrometry (HPLC-MS). The colony forming
unit on nutrient agar ranged from 1.35 x 10® to 1.93 x 10® cfu/g while the
colony forming unit on Bushnell Haas agar ranged from 9.33 x 10° to 1.84 x
10° cfu/g. The bacterial species belonged to three genera including Bacillus,
Cellulosimicrobium and Pseudomonas. P. aeruginosa HB6 (39) with
accession number MW367569.1 had the lowest surface tension value
(33.77£0.12a) indicating that it was the best biosurfactant producer. The test
isolate attained early stationary phase at 10h and the cell-free supernatant
showed excellent surface tension reduction potential. The extracted
biosurfactant contained ample mono and di-rhamnolipid congeners. P.
aeruginosa HB6 (39) is a potential bioremediation agent and can also be
used for large scale production of rhamnolipids for other industrial
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I. INTRODUCTION

The activities related to the exploration and exploitation of
crude oil are responsible for environmental pollution most
especially in oil producing countries and these pollutions
causes great risk to abiotic and biotic component of the
ecosystems (Odokuma & Dickson, 2009; Das and Chandran,
2011; Irving et al., 2012). In Nigeria, energy used for
industrial and domestic purposes is derived from unrefined
petroleum-based products which are equally the backbone of
economic development (Urhibo & Ejechi, 2017). However,
unregulated leakages and accidental spillage of these
products into aquatic and terrestrial environment polluted,
paralyzed agricultural activities, and rendered many jobless
(Moussa et al., 2014; Urhibo & Ejechi, 2017). In addition, the
effect of petroleum pollutants in plant and animal tissues
might cause death or extensive local system damage resulting
from deleterious mutations (Das & Chandran, 2011). The
impact of these pollutants on the environment is the driving
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force behind the creation of many decontamination processes.
Remediation of hydrocarbon contaminated soils is mainly
addressed via chemical and biological agents or their
metabolites. Beside the cost implication that characterized the
use of chemicals such as synthetic surfactants in the
degradation of these pollutants, they may be toxic to all
components of the ecosystem or probably result in the
generation of secondary pollutants of more detrimental effect
(Abdel-Mawgoud et al., 2010; Shreve & Makula, 2019). For
these reasons, biological methods involving the use
biosurfactants from microbial sources which is less capital
intensive and more ecologically friendly seems to be a
promising approach for the restoration of sites contaminated
with petroleum products (Moussa et al., 2014). The
advantages of biosurfactants over conventional chemical
surfactants include better environmental compatibility, lower
toxicity, appreciable degradability, good foaming potentials,
high specificity, and better performance at extreme
environmental conditions (Abdel-Mawgoud et al, 2010).
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Arrays of microorganisms from hydrocarbon contaminated
soils have been extensively evaluated for biosurfactants
production with no attention paid to organisms ‘from
contaminated soils from Nigeria, the largest oil producing
country in Africa where oil spillage is not moderated by
government policy. In previous studies, evaluation of bacteria
for biosurfactants production was limited to hydrocarbon
contaminated soil (Bento et al., 2005; Beulah, 2018) whereas

microbial contents of uncontaminated soil remain
unexplored.
Biosurfactants are useful compounds produced by

microorganisms which could be cell-bound or extracellular
(Mulligan, 2005). The presence of hydrophobic and
hydrophilic parts in these biomolecules enhances their
accumulation at interface amid two immiscible liquids which
leads to a reduction in surface and interfacial tensions as well
as formation of micro-emulsion (Banat ef al., 2010). They are
suitable alternatives to the chemically synthesized surfactants
which are currently the most commonly used surface-active
agents (Marchant & Banat, 2012). The multidimensional
properties of biosurfactants include surface tension reduction,
greater solubility, detergency potential, wetting and foaming
abilities (Fadhile et al., 2016; Banat et al., 2021). These
accounts for their application in various industries (food,
cosmetics, pharmaceutical and petroleum) and also in the
biological treatment of polluted areas (Bhattacharya et al.,
2017; Naughton et al., 2019).

Microbial surfactants are categorized based on the type of
microorganisms producing them as well as their chemical
nature and composition (Banat et al., 2010; Vijayakumar &
Saravanan, 2015), and as such have been broadly divided into
two groups; the biosurfactants with low molecular mass and
the bioemulsifiers with higher molecular mass (Karanth ez al.,
1999; Mulligan, 2005; Banat et al, 2021). Differing
phenotypic properties can be attributed to these groupings, for
example, biosurfactants possess tendency of lowering surface
tensions but bio-emulsifiers serves as emulsion stabilizing
agents (Karanth et al, 1999; Banat et al, 2010). The
glycolipids are a well-studied class of biosurfactants and
include the rhamnolipids, trehalose lipids, and sophorolipids
(Bodour et al., 2003; Perfumo et al., 2013). Rhamnolipids are
made up of either a single or double molecules of rhamnose
connected to either a single or double molecules of B-
hydroxydecanoic acid. (Desai and Banat, 1997).
Rhamnolipids produced by bacteria is widely reported in the
literature (Mulligan, 2005; Toribio ef al., 2010; Chebbi et al.,
2017; Shreve & Makula, 2019).

The most implicated bacteria in the production of
rhamnolipids are the Pseudomonas species (Abouseoud et al.,
2008; Marchant and Banat, 2012; Sinumvay and Ishimwe,
2015; Baskaran et al., 2020). P. aeruginosa species produces
rhamnolipids composed of one or two rhamnose molecules
linked to a single or double 3-hydroxy fatty acids molecules
and are therefore classified as monorhamnolipids or
dirhamnolipids (Siddhartha et al., 2006; Irfan-Magsood and
Seddig-Shamma, 2014). The properties of rhamnolipids
include biodegradability (Lima et al., 2011; Rodriguez-Lopez
et al., 2019), lowering of surface and interfacial tension
(Marchant and Banat, 2012), and ability to emulsify various
hydrocarbons (Abalos et al., 2001). They are also non-
hazardous and do not pose any mutagenic threat to living
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organisms (Voulgaridou et al., 2021).

Recent increase in the application of rhamnolipids for
industrial and bioremediation purposes is attributed to their
diverse properties. Sekhon & Rahman (2014) reported that
several companies in the USA now produce rhamnolipids at
commercial scale and these products are used as
pharmaceutical, cosmetic, antimicrobial, anticancer, and
cleaning products. Jeneil Biosurfactant Co. (USA) produces
biosurfactants applicable in agriculture; bioremediation and
oil recovery processes (Banat et al., 2010). Despite the
growing interest and successes recorded in the production of
biosurfactants, the current challenge facing large scale
production for marketable purposes is the highly expensive
production cost and low yield when compared with the
chemically synthesized surfactants. Therefore, there is a need
to explore more strains of microorganisms, most especially
indigenous organisms from Nigeria soil samples, one of the
largest crude oil producing country in the world with better
yields. This study aimed at identifying hydrocarbon-
degrading bacteria obtained from petroleum-hydrocarbon
contaminated soils, screening for rhamnolipids production
and characterizing the rhamnolipids produced. This is a way
of increasing the possible sources of biosurfactant producing
microorganisms which would ultimately results in complete
replacement of synthetic surfactants for bioremediation
purposes.

II. MATERIALS AND METHODS
A. Sample Collection

Soil samples contaminated with petroleum hydrocarbon
were collected at a depth of 10-15 cm using soil auger from 5
automobile workshops in Shasha, Akure, Ondo State,
Nigeria. The collected samples were transferred to pre-
sterilized bottles and immediately taken to the laboratory
where they were preserved at 4°C in lieu of more study.

B. Isolation and Enumeration of Total Heterotrophic
Bacteria (THB) and Total Hydrocarbon Degrading
Bacteria (HDB)

Total heterotrophic bacterial population was enumerated
by pour plate method as described by Chikere ef al. (2009)
while total Hydrocarbon degrading bacteria population were
enumerated by spread plate technique using Bushnell Haas
medium comprising 1% crude oil. The Petri-dish inoculated
with the samples were incubated at 25°C for one week.
Repeated sub-culturing gave rise to pure cultures. Pure
isolates were inoculated by streak method on Bushnell Haas
agar Petri-dishes overlaid with 100 microliters of crude oil as
well as on freshly prepared nutrient agar Petri-dishes. These
were then placed in the incubator at 25°C for two weeks and
24-48 h respectively. Isolates that grew on NA plates only
were regarded as non-degraders of crude oil, while isolates
that grew on both media were confirmed as hydrocarbon
degraders and stored in NA slants at 4°C for further studies
(Udotong et al., 2008).

C. Characterization and Identification of Bacterial
Isolates

The DNA of pure isolates was extracted using DNeasy
Vol 4 | Issue 3 | July 2023
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ultraclean bacterial kit (Qiagen) following the protocols
stated by the manufacturer. The primers previously used by
Muhling et al. (2008) were used to amplify the extracted
DNA based on polymerase chain reaction (PCR), these were
96fm (5!- GAGTTTGATYHTGGCTAG-3!) and 1152 UR
(5! ACGGHTACCTTGTTACGACTT-3!). The separation of
the PCR products based on their molecular weight was caried
out using 1% (w/v) agarose gel prepared with TBE buffer as
described by Twigg et al. (2018). SybrSafe DNA stain
(Thermo Fisher Scientific) was used to visualise the DNA
under UV light. Wizard Gel and PCR Clean-up System
(Promega) was used to purify the amplified DNA which were
then sequenced using Sanger sequencing technique by
Eurofins Genomic services, Germany. All sequence data
were analysed by blastn online comparison for identification
of the strains. Accession numbers were obtained after the
DNA sequence were submitted to the GeneBank Centre
(NCBI, USA).

D. Screening
Biosurfactant.

of Isolates for the Production of

1) Oil-spreading test

To apply the oil-spreading test, 10 pl of crude oil was
added to the surface of 40 ml of distilled water into a Petri
dish to form a thin oil layer. A further 10 pl of the culture
supernatant was gently dropped on the center of the oil layer.
After one minute, if biosurfactant was present in the
supernatant, the oil is displaced, and a clearing zone was
formed as described by Morikawa et al. (2000). The diameter
of the clear zone on the oil surface was measured in 2
replications for each isolate. A water drop was used as a
negative control.

2) Drop collapse test

The drop collapse assay relies on the destabilization of a
liquid drop on the hydrocarbon surface by cell-free extract
containing biosurfactant. The test was carried out as
described by Jain et al. (1991). A drop of the culture
supernatant was placed carefully on an oil coated glass slide
and observed after one minute, biosurfactant production was
considered positive if the drop of supernatant collapses and
spread on the oil coated surface. Meanwhile, if the drop
remains after one minute it was considered negative. This test
was simultaneously carried out using distilled water as a
control.

3) Surface tension measurement

The assay for the ability of strains used in this study to
reduce surface tension was determined based on De Noily
ring method via digital tensiometer (K10T, Kruss, Germany).
A glass beaker containing five milliliters (5 ml) of the culture
supernatant was positioned in the tensiometer stage, and the
surface tension of the sample measured by submerging a
platinum wire ring into the sample and allowing it to pull
through the air-liquid interface (Bodour & Miller-Maier,
1998). Readings were taken in triplicate and the average
recorded.

E. Determination of the Bacterial Growth and Surface
Tension Reduction

The test organism was cultured in a modified mineral salt
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media. The optical density and surface tension of the culture
medium were determined. Each isolate was activated by
introducing a single colony into a tube containing 10 ml of
nutrient broth which was then placed in an incubator at 30°C
for 18-24 h, this served as a seed culture. 200 ml mineral salt
medium was inoculated with the seed culture at a 2% final
volume and incubated at 30°C for 96 h at 200 rpm, 7 ml of
culture media was taken at 6 h intervals for up to 96 h. The
optical density of 2 ml of production media was determined
at 600 nm via spectrophotometer while the remaining 5 ml
was centrifuged, and the supernatant used for surface tension
assay.

F. Production,
Biosurfactants

Extraction and Characterization of

The production culture medium was poured into a tube and
centrifuged at 10,000 rpm for 20 minutes at 4°C after which
Whatman qualitative filter paper grade 1 was used to filter the
upper layer which is the cell-free supernatant. The pH of the
filtered supernatant was adjusted to 2.0 by adding drops of 1
M HCI and kept over night at 4°C to allow acid precipitation
of the surfactants. The surfactant was then extracted thrice via
liquid phase extraction using ethyl acetate. A mixture of same
volume of the supernatant and ethyl acetate was added into a
separating funnel, shaken vigorously, and allowed to separate
into two distinct layers, the layer containing the surfactant
was dried under vacuum in a rotary evaporator at 45°C
(Irorere et al., 2017). The product was re-constituted in
methanol at the concentration of 1mg/ml and characterized
using High Performance Liquid Chromatography-Mass
Spectrometry (HPLC-MS) (Smyth et al., 2010). The various
components in the extracted biosurfactants were identified
and the spectra compared with the NIST Library compounds.

G. Data Analysis

The data obtained for the enumeration of total
heterotrophic and hydrocarbon degrading bacteria as well as
oil spread, and emulsification index (E24) tests were analyzed
using statistical package for social sciences (SPSS). The
experiment was done in triplicate and all measurements were
expressed as mean + standard deviation. The criterion for
significance was set at p < 0.05. All measurements obtained
for optical densities and surface tension were analyzed using
Graph pad prison version 5. The experiments were done in
duplicate.

III. RESULTS

A. Total Heterotrophic Bacteria Count on Nutrient Agar
and Total Hydrocarbon-degrading Bacteria on Bushnell
Haas Agar

The total heterotrophic bacteria count ranged from  1.35
x 10% to 1.93 x 108 cfu/g with soil sample B having the highest
total heterotrophic bacterial count of 1.93 x 10® cfu/g while
sample D had the lowest count of 1.35 x 103 cfu/g as
presented in Table I. The result also showed the total
hydrocarbon-degrading bacterial load on Bushnell Haas
medium ranged from 9.33 x 10° to 1.84 x 10° cfu/g. Similarly,
sample B had the highest hydrocarbon-degrading bacterial
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population of 1.84 x 10% while sample D had the lowest
hydrocarbon degrading bacterial population of 9.33 x 10°
cfu/g. There was no significant difference between the total
heterotrophic bacteria population in sample A and C,
however, the hydrocarbon-degrading bacteria population in
sample A (1.48 x 10°) was higher than sample C (1.37 x 10°).
The result in Table I revealed that the bacterial population
was higher in sample B while sample D had the lowest
bacteria population.

TABLE I: TOTAL HETEROTROPHIC BACTERIA COUNT ON NUTRIENT AGAR
AND TOTAL HYDROCARBON-DEGRADING BACTERIA ON BUSHNELL HAAS
AGAR

g(z:zr;ple Nutrient agar (cfu/g) BuSh(Ié t;]lj/gaas agar
A 1.62 x 108 +1.45¢ 1.48x 10°+0.33¢
B 1.93 x 10% £1.15¢ 1.84 x 10°+0.88°
C 1.60 x 108 +0.58° 1.37 x 10°+0.88¢
D 1.35 x 108+0.57° 9.33 x 10°+0.88°
E 1.42 x 10 £1.15° 1.22 x 10°+0.58°

Values along the column are the mean of 3 determinations
and those with the same superscript are not significantly
different, p < 0.05. A, B, C, D, E- represents samples from 5
contaminated sites.

B. Molecular Identities of Bacterial Isolates Obtained
from Soil Samples Contaminated with Petroleum-
Hydrocarbon

The result presented in Table II, showed the molecular
identities of eighteen potential hydrocarbon-degrading
bacteria isolated from petroleum-contaminated soil samples.
These includes; Bacillus safensis HA8, Cellulosimicrobium
cellulans, Bacillus safensis HA10, Bacillus safensis HA15,

Bacillus  safensis HBI1, Bacillus safensis HBI(N),
Pseudomonas aeruginosa HB6(39), Cellulosimicrobium
cellulans ~ HC9,  Pseudomonas  stutzeri ~ HCI(N),

Cellulosimicrobium cellulans HC10, Bacillus safensis HC21
Bacillus cereus HD3, Bacillus pumilus HD4, Bacillus cereus
HD7, Bacillus safensis HE4, Bacillus pumilus HE4(N),
Bacillus cereus HES, Bacillus pumilus HE7. The result
revealed that the percentage similarities of all the isolates
were above 99%. The accession numbers of all the isolates
obtained from the gene bank were also presented.

C. Screening for Biosurfactant Producers

The result of the screening for biosurfactants producers is
presented in Table III. The cell free supernatant of all the
bacterial isolate showed positive results for oil spread test
with the zone of clearance ranging from 10.00 + 1.00° to
14.67 + 1.20° mm in diameter. Bacillus safensis HB1 had the
highest zone of clearance of 14.67 + 1.20° mm followed by
Pseudomonas aeruginosa HB6 (39) with the zone of
clearance 12.00 £ 1.15° mm. Bacillus pumilus had the lowest

RESEARCH ARTICLE

zone of clearance of 10.00 = 1.00° mm. The control medium
showed no zone of clearance indicating the absence of
biosurfactant production. The drop collapse test showed that
four out of the 5 bacterial isolates were positive while one
bacterial isolate identified as Bacillus pumilus showed
negative result. The drop collapse test for B. safensis HB1 and
P. aeruginosa HB6 (39) showed very strong positive results.
Furthermore, the measurement of surface tension of the
culture medium inoculated with P. aeruginosa HB6 (39) had
the lowest surface tension measurement value of
33.77 + 0.12* mN/m followed by the surface tension of the
medium inoculated with B. safensis HB1 (48.83 + 1.78°
mN/m). P. aeruginosa HB6 (39) reduced the surface tension
of the medium from 54.57+1.01? to 33.77+0.12* while B.
safensis reduced the surface tension of the medium from
58.43+1.66" to 48.83+1.78>. The medium inoculated with
Bacillus pumilus showed no reduction in surface tension
measurement indicating the absence of biosurfactant
production.

TABLE II: MOLECULAR IDENTITIES OF ISOLATES OBTAINED FROM
PETROLEUM-HYDROCARBON CONTAMINATED SOIL SAMPLES

Percentage

S/N Isolate Bacterial isolates similarities Accession
codes number
(%)
Bacillus safensis
1. HAS HAS 99.9 MW367558.1
Cellulosimicrobiu
2. HA9 m cellulans HA9 99.4 MW367559.1
Bacillus safensis
3. HAI10 HAT0 99.6 MW367560.1
Bacillus safensis
4. HA15 HALS 99.7 MW367561.1
5. HBI B “””’Sgl“f ensts 99.7 MW367568.1
Bacillus safensis
6. HBIN HBI(N) 99.6 MW367567.1
Pseudomonas
7. HB6(39) aeruginosa 99.1 MW367569.1
HB6(39)
Cellulosimicrobiu
8. HC9 m cellulans HCO 99.3 MW367574.1
Pseudomonas
9. HC9(N) stutzeri HCO(N) 99.4 MW367573.1
Cellulosimicrobiu
10. HC10 m cellulans HC10 99.6 MW367575.1
Bacillus safensis
11. HC21 HC21 99.5 MW367576.1
Bacillus cereus
12. HD3 HD3 100 MW367583.1
Bacillus pumilus
13. HD4 HD4 99.3 MW367584.1
Bacillus cereus
14. HD7 HD7 99.6 MW367585.1
15, HE4 Bacillus safensis 99.9 MW367591.1
HE4
Bacillus pumilus
16. HE4(N) HEA(N) 99.8 MW367590.1
Bacillus cereus
17. HES HE5 99.9 MW367592.1
18. HE7 B “””’I‘_I‘Yé“m’l“‘v 99.4 MW367593.1

TABLE III: BIOSURFACTANT PRODUCTION BY SELECTED BACTERIAL ISOLATES

Bacterial isolate Oil Spread Test

Drop collapse

Surface tension at 0 h Surface tension at 48 h

(mm) (mN/m) (mN/m)
Control 0.00+0.00a ) 65.13£1.60° 65.80+0.30°
Bacillus safensis HB1 14.67+1.20° +++ 58.43+1.66° 48.83+1.78°
Pseudomonas aeruginosa HB6 39 12.00£1.15° +++ 54.57+1.01% 33.77+0.12°
Cellulosimicrobium cellulans HC9 10.33+1.00° + 55.60+1.19% 49.97+0.54"
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11.33+0.88"
10.00+0.33"

Bacillus cereus HES
Bacillus pumilus HD4

+ 56.07+1.76™
- 51.57£0.76a

51.53£1.07cd
52.77£0.19¢

TABLE IV: CHEMICAL CHARACTERISTICS OF BIOSURFACTANTS PRODUCED BY PSEUDOMONAS AERUGINOSA HB6 (39)

Pseudomolecular ion

Rhamnolipids

Retention time (min) [M-H] Molecular Weight Molecular formula congener Abundance (%)
5.26 464.2 465.2 0.97
11.21 222.8 223.8 2.34
11.24 196.7 197.7 1.16
13.36 407.2 408.2 0.46
13.49 593.0 594.0 CasHs0013 Rha-Rha-Cs-Cs 0.03
14.69 448.3 4493 0.94
15.59 621.1 622.1 C30Hs4013 Rha-Rha-Cs-Cio 6.29
17.51 649.1 650.1 C32Hss013 Rha-Rha-Cio-Cio 25.49
19.02 675.1 676.1 C34He0O13 Rha-Rha-Ci2:1-Cio 434
20.36 677.1 678.1 C34He2013 Rha-Rha-C2-Cio 8.38
20.48 503.1 504.1 CootlusOs Rha-Cio-Cio 36.65
22.06 529.1 530.1 CasHs009 Rha-Ci0-Ci2:1 6.11
23.19 531.0 532.0 CasH5209 Rha-Cio-C12 5.87

Values along the column are the mean of 3 determinations
and those with the same superscript are not significantly
different, p < 0.05. + = positive, - = negative, control = (Un-
inoculated medium)

D. Growth and Surface Tension Reduction Pattern of P.
aeruginosa HB6 (39)

The growth pattern and the ability to reduce surface tension
by P. aeruginosa HB6 (39) in growth media are shown in Fig.
1. The growth curves showed that the isolate attained the
stationary phase quite early at 10 h, this was sustained
throughout the growth period. Similarly, the significant
reduction in the surface tension value occurred at 10 h and
was sustained throughout the incubation period. The optical
density for the bacterial culture of P. aeruginosa HB6-39
ranged from 0.09-1.34 nm with the highest optical density
value recorded at 24 h, the surface tension measurement value
of the fermentation media decreased from 46.4 to 27.7 mN /m
with the lowest value obtained at 22 h (Fig. 1).

55 15

50

IS
n

== Optical density (600 nm)

=== Measurement of surface tension

'S
S

Surface tension (mN/m)
Optical density (600 nm)

w
P

0.5

30

0 5 12 18 14 48 7 96

Time (hours)

Fig 1. Growth rate and surface tension reduction pattern of P. aeruginosa
HB6 (39).
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E. Chemical Characteristics of Biosurfactants Produced
by Pseudomonas aeruginosa HB6 (39)

The chemical characteristics of the extracted biosurfactants
are shown in Table II. The pseudomolecular ions of the
predominant peaks corresponded to the molecular weight as
well as molecular formular of different rhamnolipids
congeners as listed in Table II. The length of the fatty acid
chain in all the rhamnolipids congeners in this analysis ranged
from 8 to 12 carbon The mono-rhamnolipids congener
present in the extracted surfactants were; Rha-Cio-Cio, Rha-
Ci0-Ci21 and Rha-Cio-Ci12 while the di-rhamnolipids
congeners include; Rha-Rha-Cs-Cs, Rha-Rha-Cs-Cio, Rha-
Rha-Ci10-Ci0, Rha-Rha-Ci2:1-Cio and Rha-Rha-C12-Cio. It
should be noted however, that the molecular weight of some
compounds found in the extracted surfactants did not
correspond to any rhamnolipids congener. The percentage
abundance of mono-rhamnolipids congeners (48.63%) in the
surfactant produced by P. aeruginosa HB6 (39) was higher
than di-rhamnolipids (44.53) with Rha-Cio-Cio (Mw 504.1)
having the highest relative abundance (36.65).

IV. DISCUSSION

The total heterotrophic bacteria count obtained in this
study ranged from 1.35 x 108 to 1.93 x 10® and were higher
than that previously documented by Agyeman-Duah et al.
(2017), who recorded that the average number of total
heterotrophic bacteria from petroleum contaminated soils
ranged from 1.51 x 10° to 1.817 x 10° cfu/g. The high number
of total heterotrophic bacteria in this study may be due to the
organic matter concentration in the soil samples as well as the
anthropogenic activities in the sampling areas. The total
hydrocarbon-degrading bacteria population obtained in this
study ranged from 9.33 x 10%to 1.84 x 10° cfu/g, this was
higher than the total hydrocarbon degrading bacteria
population recorded by Subathra et al. (2013) which ranged
from 5.7 x 10* to 1.58 x 10° cfu/g. Eighteen bacterial isolates
identified via 16S rDNA in this study belonged to three
genera including Bacillus, Cellulosimicrobium and
Pseudomonas. This confirms previous report stating the
occurrence of diverse bacteria species with petroleum-
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hydrocarbon degrading ability in oil contaminated soils. For
example, Ajayi & Abiola, (2018) identified bacterial species
with the ability to degrade crude oil from oil-polluted soils.
These bacterial species belonged to the following genera:
Micrococcus, Bacillus Pseudomonas and Acinetobacter.

The occurrence and survival of diverse bacteria species in
petroleum-hydrocarbon contaminated soils may be due to the
ability of microorganisms to breakdown xenobiotic
chemicals through selective enrichment and gene
modification (Ramdass & Rampersad, 2021). Bacillus
species were predominant in this study, this agrees with the
report of Enaigbe et al. (2020), who documented the
predominance of Bacillus species in oil contaminated soils.
Bacillus species can survive in harsh environmental
conditions due to their ability to form spores which protects
them from the toxic compounds found in such environments
(Onifade & Abubakar, 2007), this accounts for their high
population in soils contaminated with petroleum-
hydrocarbon. The occurrence of hydrocarbon degrading
cellulosimicrobium cellulans in environments polluted with
petroleum-hydrocarbons have also been documented (Shaieb
etal., 2015 and Nkem et al., 2019). Pseudomonas species are
ubiquitous in the environment as previous studies have shown
that they occur both in contaminated and undisturbed
environments (Bodour ef al., 2003), this agrees with our
observation that Pseudomonas species were present in the
petroleum-hydrocarbon contaminated soils. Pseudomonas
species are associated with biosurfactants production (Silva
et al.,2017), which may be responsible for the ability of these
species to survive in oil polluted environment, because
biosurfactants serves as emulsifiers enhancing the solubility
of the hydrocarbons and resulting in their bioavailability to
the microorganisms (Das et al., 2014)

The result for the detection of biosurfactant production
revealed that all the bacteria tested were positive for oil
spread test. This may be due to the sensitive nature of this
technique to detect the presence of biosurfactants at low
concentration. The sensitivity and suitability of this method
over other methods of detecting biosurfactant production
have been reported (Hamzah et al., 2013; Pradnya & Dhiraj,
2014). The range of the zone of clearance obtained in this
study is higher compared to the result obtained by Ndibe et
al. (2018) where diverse bacteria showed zone of clearance
ranging from 5 to 11 mm. This difference may be because the
bacterial isolates used for this study were potential
hydrocarbon degraders which usually develops additional
mechanisms of survival in harsh environmental conditions.
This study also revealed that B. safensis had the highest zone
of clearance of 14.67 mm indicating that this isolate was a
potential surfactant producer. This is in agreement with the
report of Hanano et al. (2017), who documented that Bacillus
safensis showed an increase in the hydrocarbon clearing zone
ranging from 10 to 22 mm for a period of six days. Surfactant
produced by P. aeruginosa also showed good oil clearing
zone of 12 mm. However, Bacillus pumilus had the lowest
zone of clearance showing that the concentration of surfactant
produced by this isolate was very low.

The findings in this study revealed that there was an
increase in the optical density of the growth medium
indicating the growth of the test organism. In previous
studies, researchers have used the measurement of optical
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density as an index for the determination of the growth of
microorganisms (Janek et al., 2013; Mariashobana et al.,
2014). The result also showed reduction in surface tension of
the culture medium after 10 h suggesting the production of
biosurfactant by P. aeruginosa HB6 (39). Surface tension
measurement is useful for determining surfactant production.
Biosurfactants with lesser molecular weight reduces surface
tension (Naughton et al., 2019). The increase in bacterial
growth also accounted for the decrease in surface tension,
which indicates that the rate of biosurfactant production
increases with the increase in the bacterial biomass. This
corroborates the study of Raza ef al. (2007) who documented
that the production of thamnolipids by P. aeruginosa mutant
was associated with the growth of the microorganism. The
lowest surface tension value of 27.7 mN/m was observed at
22 h incubation period. This is contrary to the results obtained
by other researchers who reported that the lowest surface
tension which corresponded to optimum biosurfactant
production was obtained much later at 96 h (Patil et al., 2014;
Agarry et al., 2015). Saikia et al. (2012), observed that
optimum biosurfactants production occurred at 48 h. The
production of biosurfactant within a short time range may be
due to the spontaneous growth rate of this isolate. The low
surface tension value of the culture medium suggest that the
quality of the surfactant produced. Santos et al. (2016)
documented that good surfactants with excellent surface
activity can decrease water surface tension from 72 to
35 mN/m.

The microbial surfactants produced by Pseudomonas
aeruginosa HB6 (39) were characterized as mono and di-
rhamnolipids. This corroborates other reports showing the
production of mono and di-rhamnolipids by P. aeruginosa
(Samadi et al., 2012; Irfan- Magsood & Seddig-Shamma,
2014). Biosurfactant produced by P. aeruginosa HB6 (39)
had a little higher percentage of mono-rhamnolipids
(48.63%) to di-rhamnolipids (44.53%). It is noteworthy that
most studies previously reported in the literatures revealed
the occurrence of higher percentage of di-rhamnolipids
congener in the rhamnolipids produced by P. aeruginosa,
making the result obtained in this study very interesting.
Several factors including bacterial strain used, type of carbon
substrate, age of culture and cultural conditions affects the
rhamnolipids congener distribution (Bharali & Konwar,
2011). The type of gene present in the isolates used for the
production of rhamnolipids may be responsible for the
variation in the ratio of mono-rhamnolipids and di-
rhamnolipids (Zhou et al., 2019).

V. CONCLUSION

Pseudomonas aeruginosa HB6 (39) obtained from
petroleum contaminated soils produced rhamnolipids with
mono-rhamnolipids and di-rhamnolipids congeners. This
further confirmed that more biosurfactant-producing strains
are yet to be identified, hence increased effort in the search
for biosurfactant producers as well as optimization of various
factors affecting biosurfactant production could lead to the
discovery of more strains with better yielding capacity.
Industrial production of rhamnolipids with excellent surface
activity using Pseudomonas aeruginosa HB6 (39) would
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reduce dependency on chemical surfactant used for
remediation of contaminated environment.
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