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Abstract—In this study, biosurfactant producing bacteria
were screened from oil-contaminated areas in Bangkok and
vicinities, Thailand. Isolated bacteria of 1,094 isolates were
collected from the samples. Primary screening of
biosurfactant producing bacteria was performed by oil agar
plate method. From primary screening, 82 isolates showed
dispersion zone surrounding colonies. Ten isolates with the
highest RZC values were selected to study in the secondary
screening. These isolates were separately cultured in NB.
Tensiometer was used to measure surface tension of each
cell free cultured broth. The decreasing of surface tension
was observed in 4 isolates. BKG 04-005 isolate showed the
lowest surface tension value of 18.58mN/m. According to the
results, biosurfactant of BKG 04-005 was growth-associated
product. To obtain biosurfactant, its cell free cultured broth
was acidified and extracted by acid and a mixture of
chloroform: methanol, respectively. The chemical structure
of crude biosurfactant was identified as a lipopeptide by
FTIR spectroscopy.

Index Terms—screening, bacterial biosurfactant, surface
tension

l.  INTRODUCTION

Surfactants are amphipathic molecules that composed
of hydrophobic and hydrophilic moieties [1]. According
to their chemical structures, surfactants are able to reduce
surface and interfacial tensions of two immiscible phases.
Chemical synthetic surfactants have been commercially
used in industries [2]-[4]. For examples, surfactants are
widely applied to lower the interfacial tension of crude oil
and matrix substances in Oil-Enhanced Recovery (OER)
in petroleum industry. Sodium Dodecyl Sulfate (SDS), an
anionic surfactant, is used as a preoperative skin cleaner,
bacteriostatic agent, and also in medicated shampoo [5].
Quaternary ammonium-based surfactants (QACs) are
used as softener and antiseptic agents in fabric industry
[6]. However, the disadvantages of synthetic surfactants
have been reported such as environment pollution, animal
and human toxicity [7], [8]. According to their
disadvantages of chemical synthetic surfactants,
biosurfactants are the interesting substances.
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Biosurfactants are natural surface active compounds
that produced by many kinds of living organisms,
especially microorganisms [9]. Biosurfactant have
recently been recognized as important microbial products
with properties applicable in a number of industries and
processes. Being capable of lowing surface and
interfacial tensions, biosurfactants are today thought to be
efficient replacers of chemically synthesized surface
active agents. Some of their superior properties, such as
biodegradability, less toxicity, and their specificity, make
these microbial products both attractive for specific
industries and environmentally acceptable [10]. Surfactin,
is one of the most powerful biosurfactants. The natural
form of surfactin was discovered in culture media of
Bacillus subtilis. Purified surfactin was able to lower
surface tension of water from 72.0mN/m to 27.0mN/m

[11].
Biosurfactants are classified into 4 groups based on
their chemical structures; glycolipids, lipopeptides,

phospholipids, and polymeric biosurfactants [12].
Biosurfactants are attractive products for use in
agricultural, environmental, pharmaceutical, biomedical,
cosmetic and food applications [13]. Biosurfactants are
able to efficiently use in handing industrial emulsions,
control of oil spills, biodegradation and detoxification of
industrial ~ effluents and in  bioremediation of
contaminated soil [14]. Accordingly, the screening for
new bacteria has been intensified.

In this study, biosurfactant producing bacteria were
screened from oil-contaminated areas in Bangkok and
vicinities, Thailand.  Surface-active activity —was
investigated by surface tension measurement. Crude
biosurfactant of an isolated strain with the lowest surface
tension was extracted, and then identified its chemical
structure by Fourier Transform Infrared (FTIR)
spectroscopy.

Il. MATERIAL AND METHODS

A. Sampling Areas

Biosurfactant producing bacteria were screened from
oil contaminated samples; coconut milk shops, edible oil
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retailer shops and garages in Bangkok and vicinities. The
abbreviations of sampling areas were shown in Table I.

TABLE I. OIL CONTAMINATED AREAS AND THEIR ABBREVIATIONS

Abbreviations

Sampling areas Coconut Edible-oil
- - Garages

milk shops  retailer shops
Arunummarin market,
Bangkoknoi, Bangkok PC PO PG
Bangkrapi market,
Bangkrapi, Bangkok BC BO BG
Bangkae market,
Bangkae, Bangkok BKC BKO BKG
Klongteoy market,
Klongtoey, Bangkok KC KO KG
Minburi market,
Minburi, Bangkok MC MO MG
Ortorkormarket,
Jatujak, Bangkok oc 00 0G
Pakkred r_narket. NC NO NG
Nontaburi
Sumrong market,
Samutprakarn sC SO SG
Thai market,
Prathumthani T O TG
Yingchareun market, vC YO YG

Bangkaen, Bangkok

B. Microorganisms and Cultured Condition

The screened isolates were storage at -18 <C in nutrient
broth (NB; Difco, USA) containing 40% glycerol
solution. To microorganism enrichment, each isolate was
streak onto nutrient agar (NA; Difco, USA), and
incubated at 30C for 48h. The isolates were then
cultured in NB.

C. Screening of Biosurfactant Producing Bacteria

1) Bacterial isolation

Oil-contaminated samples were collected from
Bangkok and vicinity. Each sample was collected by
cotton swab technique. The cotton swab was enriched
with NB and incubated at 30<C for 48h. Mix culture was
isolated by Ten-fold dilution technique. Bacteria with
different morphology were collected and given their
codes for the further experiments.

2) Primary screening of biosurfactant producing

bacteria

Primary screening was performed by oil agar plate
technique. This method was modified from Morikawa et
al., [15]. Single colony of each strain was spotted onto
NA plate spreading with 60jd auto-lubricant oil (Yamabha,
Japan). Positive result was appearance of clear zone
around colony after incubation at 30 <C for 48h, as shown
in Fig. 1. Ten isolates with the highest of ratio of oil
dispersion zone diameter to colony diameter (RZC)
values were selected for secondary screening.

3) Secondary screening of biosurfactant producing
bacteria

Each isolate of 10 selected isolates was cultured in NB

at 30<C, 50rpm for 48h. Cultured broth was centrifuged

at 4,000g, 4<C for 15 min to collect Cell Free Culture

Broth (CFCB). Forty milliliters of CFCB were measured

surface tension by tensiometer K6 (Kruss, Germany) with
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Du-Nouy Ring method by triplicate experiments. Sterile
NB was used as a control.

Figure 1. The example of positive result; the oil dispersion zones
surrounding colonies

D. Growth Curve Investigation

Selected isolate was cultured in NB at 30<C, 100rpm
for 60h. Cultured broth was collected every 6h for
monitoring viable cell count. Briefly, viable cells of
bacteria were elucidated by viable plate count technique
with 10-fold serial dilution. The viable cells were
investigated of dilution factor with 10™ to 10”. Normal
Saline Solution (NSS) with 0.85% NaCl was applied as
diluent. One hundred microliters of sample was spread on
NA plate and incubated at 30<C for 48h. The surface
tension of CFCB was measured during cultivation. The
microbial growth and surface tension monitoring were
performed with the triplicate experiments.

E. Biosurfactant Extraction

The selected strain was cultured in 1 liter NB at 30<C,
50rpm for 72h. The cultured broth was centrifuged at
4,000g, 4<C for 15 min. CFCB was acidified to be pH 2
by 12 N HCI and incubated at room temperature for 24 h.
Acidified CFCB was centrifuged at 15,000g to collect
precipitate. The precipitate was re-dissolved in sterile
water pH 7. Biosurfactant solution was then extracted 3
times by mixture solvent of chloroform:methanol (65:15).
Organic phase was collected and evaporated by vacuum
rotary evaporator to dryness. Crude biosurfactant was
confirmed the surface activity by oil displacement
technique [15].

F. Chemical Identification of Biosurfactant

The crude biosurfactant was identified their functional
groups by FTIR spectroscopy (Perkin Elmer, USA). FTIR
spectrum was carried out in transmittance mode by using
4cm™ of resolution with the wave number range of 400 to
4,000cm™. A lipopeptide biosurfactant, Surfactin (Sigma-
Aldrich, USA) was used as a standard biosurfactant.

I1l.  RESULTS AND DISCUSSIONS

A. Screening of Biosurfactant Producing Bacteria

Bacteria were obtained from 90 samples of oil-
contaminated areas in Bangkok and vicinity. Isolated
bacteria of 1,094 isolates were collected from the samples.
Eighty-two isolates showed positive results in primary
screening. Ten isolates with the highest of RZC were
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shown in Table Il. After measuring surface tension of
CFCB, 4 isolates showed their surface tension values
lower than control; NB (52.53mN/m). BKG 04-005
showed the lowest surface tension of 18.58mN/m. This
isolate was obtained from soil slurry sample of garage in
Bangkae district, Bangkok. The decreasing of surface
tension of CFCB was reported by many researchers.
CFCB of Pseudomonas sp. 2B was lowered to
30.14mN/m [16]. The surface tension of water was
reduced to 16.34mN/m by glycolipid producing from
Nocardiopsis lucentensis [17]. Furthermore, lipopeptide
deriving from Brevibacterium aureum MSA13 decreased
the surface tension of water to 28.56mN/m [18]. The
reduction of surface tension resulted from the
amphipathic molecules in CFCB which accumulated at
the interfaces of two immiscible phases (air-water
interfaces) [4].

For 6 isolates of BKO 02-004, PG 04-001, BKG 01-
005, PG 01-010, PC 01-003, and NG 02-004 showed
clear zones around their colonies on the primary
screening, but their surface tension values were higher
than control. It was explained by the bacterial metabolic
products. Bacteria were able to produce the biopolymer
metabolites resulting in the increasing of surface tension
and viscosity [19].

The surface tension of BKG 04-005 was significantly
decreased at the exponential growth phase (Fig. 2).
According to this result, biosurfactant producing by BKG
04-005 was an extracellular product. These results
corresponded to Streptomyces sp. B3 that produced an
extracellular biosurfactant during exponential growth
phase [20]. In addition, Ismail et al., [21] also reported
that surface tension of Bacillus sp. 1-15 cultured medium
was decreased on the logarithmic phase.
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Figure 2. Growth curve and surface tension of BKG 04-005 isolate
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Figure 3. FTIR spectra of surfactin and BKG04-005 crude biosurfactant
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B. Biosurfactant Identification by FTIR

After extraction, crude biosurfactant was recovered
with a yield of 45.5mg/l. The dried crude biosurfactant
was analyzed its chemical structure compared with
Surfactin, a standard lipopeptide biosurfactant produced
by Bacillus subtilis. The FTIR spectra of BKG 04-005
crude biosurfactant and Surfactin were shown in Fig. 3.
The peak pattern of crude biosurfactants was similar to
the FTIR spectrum of Surfactin. Board strong peak
resulting from N-H stretching and CH-NH stretching
were appeared at 3,281 and 1,649cm™, respectively. The
peak at 2,924cm™ was C-H stretching of aliphatic chain.
These results were similar to lipopeptide biosurfactant
from Bacillus subtilis 20B that showed three majors
peaks of 3,305, 2,924 and 1,643cm™, which were
interpreted to be peptide bond, aliphatic chain, and CH-
NH, respectively [22]. Lipopeptide biosurfactant of
Bacillus licheniformis F2.2 [23], Bacillus subtilis HOB2
[24], and Sphingobacterium sp. [25] also showed the
similar pattern of FTIR spectrum of BKG 04-005 crude
biosurfactant. It indicated that BKG 04-005 produced a
lipopeptide biosurfactant.

TABLE Il. RATIO OF OIL-DISPERSION DIAMETER PER COLONY
DIAMETER (RZC) AND SURFACE TENSION OF CELL FREE CULTURED
BROTH OF TEN ISOLATES

Isolates RzC Surface tension
value (mN /m)
Control - 52.53 +1.60°
BKG 04-005 481 18.58 +3.75°
NG 05-006 3.84 33.88 +3.40°
OC 01-004 3.84 33.93 +5.71°
PG 01-006 3.69 36.26 +6.98°
BKO 02-004 3.50 54.62 +2.39%
PG 04-001 5.22 55.01 +6.40°%
BKG 01-005 6.26 58.37 +4.66%
PG 01-010 6.32 58.53 42.79%f
PC 01-003 5.46 58.55 +3.50%"
NG 02-004 4,07 58.90 +1.49%

Different letter in the same column presented significant
difference (p>0.05).

IV. CONCLUSIONS

Oil contaminated samples were isolated bacteria of
1,094 isolates. Biosurfactant producing bacteria was
screened by oil agar plate method in the primary
screening. Eighty-two isolates showed the positive results
by occurring oil dispersion zones surrounded their
colonies in the primary screening. The RZC values were
used as the criteria to select the bacterial isolates for the
secondary screening. Ten isolates with the highest RZC
values were investigated the surface tensions of their
CFCBs in the secondary screening. For the secondary
screening, BKG 04-005 showed the lowest surface
tension of 18.58mN/m. While the surface tension of
sterile NB, control, was 52.53mN/m. During cultivation,
BKG 04-005 produced an extracellular biosurfactant. The
FTIR spectrum indicated that biosurfactant of BKG 04-
005 was lipopeptide. The further study, BKG 04-005 will
be bacterial identified, and its biosurfactant will be
studied on biological activity.
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