
 

 

  
Abstract—Environmental pollution is a global problem and best 

possible solution is identifying and utilizing native microorganisms. 
One possible application of microbial product -biosurfactant is in 
bioremediation of hydrocarbon contaminated sites. We have screened 
forty two different petroleum contaminated sites from Oman, for 
biosurfactant producing spore-forming bacterial isolates. Initial 
screening showed that out of 42 soil samples, three showed reduction 
in surface tension (ST) and interfacial tension (IFT) within 24h of 
incubation at 40°C. Out of those 3 soil samples, one was further 
selected for isolation of bacteria and 14 different bacteria were 
isolated in pure form. Of those 14 spore-forming, rod shaped 
bacteria, two showed highest reduction in ST and IFT in the range of 
70mN/m to <35mN/m and 26.69mN/m to <9mN/m, respectively 
within 24h. These bacterial biosurfactants may be utilized for 
bioremediation of oil-spills. 
 

Keywords—Bioremediation, biosurfactant, hydrocarbon 
pollution, spore-forming bacteria.  

I. INTRODUCTION 
ORLDWIDE usage of crude oil-products, oil spills, 
waste chemical compounds and increased 

industrialization lead to a worst environmental problem – 
pollution. Currently various methods are used to tackle the 
problem of pollution, like microbial or phytoremediation. 
Biosurfactants amongst different microbial products play a 
vital role in bioremediation. Different types of biosurfactants 
are reported to enhance oil recovery, biodegradation of 
oil/hydrocarbon products, heavy metals etc. [1]-[3]. 
Biosurfactants are biochemical compound produced by 
microorganisms, which has two ends - a polar end 
(hydrophilic) and non-polar (hydrophobic) end. Biosurfactant 
has the ability to cause emulsification of oil-in-water/water-in-
oil mixtures. The polar end (hydrophilic) mixes with water 
and the non-polar (hydrophobic) end mixes with oil, so it 
holds oil and water together and causes a decrease in the 
surface tension (ST)/Interfacial tension (IFT) between oil and 
 

Saif N. Al-Bahry is in the Department of Biology, College of Science, 
Sultan Qaboos University, Oman (phone: +968-24141449; fax: 968-
24141437; e-mail: snbahry@ squ.edu.om).  

Yahya M. Al-Wahaibi and Ali S. Al-Bemani are in the Department of 
Petroleum & Chemical Engineering Department, College of Engineering, 
Sultan Qaboos University, Oman (e-mail: ymn@ squ.edu.om, albemani@ 
squ.edu.om). 

Abdulkadir E. Elshafie is in the Department of Biology, College of 
Science, Sultan Qaboos University, Oman (e-mail: elshafie@ squ.edu.om). 

Sanket J. Joshi is in the Central Analytical and Applied Research Unit, 
College of Science, Sultan Qaboos University, Oman (e-mail: sanket@ 
squ.edu.om). 

water. Amongst different types of biosurfactant low molecular 
biosurfactants produced by Bacilli group are reported to be 
highly potent and play an important role in petroleum field, 
medicinal field and environmental field, amongst others [4].  

Crude oil spills is a global problem and the magnitude of oil 
spill internationally is overwhelming and it is very frequent in 
the Arabian Gulf and the Gulf of Oman. More than 40% of 
world's oil is produced in the Gulf and transported 
internationally through Musandam and the Gulf of Oman. One 
of the major sources of oil pollution in Oman arose from 
operational discharges of oil from passing vessels traffic. 
Methods for cleaning up include bioremediation using oil 
degrading microorganisms, oil dispersants (chemical or 
biological surfactants). These bacteria occur naturally and can 
produce biological compounds like emulsifiers or 
biosurfactants. Joshi et al. [5] reported occurrence of 
biosurfactant producing Bacillus spp., from diverse habitats, 
and majority of isolated bacteria were clusterd with the 
Bacillus licheniformis and B. subtilis group, based on 
amplified 16S rDNA restriction analysis. Several spore-
forming bacteria were isolated from soil samples contaminated 
with ‘petroleum/crude oil’, from local garages/oil reservoir at 
different locations in Oman. The spore-forming bacteria were 
selectively isolated by boiling the soil samples. The samples 
and isolates were screened for biosurfactant production and 
reduction in ST/IFT. 

II. MATERIALS AND METHODS 
Several oil contaminated soil samples (42) were collected 

from garages, auto repair centers and oil wells in Oman. The 
soil samples (100g each) were collected in sterile plastic 
sample collectors and stored at 15°C in a portable incubator-
freezer, while transferring to laboratory. To isolate ‘spore-
forming bacteria’, 5g of each soil samples were added in 30ml 
of sterile distilled water, mixed by vortexing vigorously and 
boiled at 85°C for 30min, in a boiling water bath. 

Two media were used as an inoculum and production media 
- Luria Bertaini (LB) broth and Cooper’s minimal media [6], 
[7], respectively. For primary screening of soil samples 
containing biosurfactant producing bacteria, 2ml from each of 
the pre-boiled samples were added in 50ml sterile LB broth. 
After overnight incubation at 40°C, 160rpm, it was transferred 
(2% v/v) to Cooper’s minimal medium (50ml in 250ml 
Erlenmeyer flask). The composition of Cooper’s minimal 
media (g/l): NH4NO3, 4.002; KH2PO4, 4.083; NaHPO4, 7.119; 
MgSO4, 0.197; Glucose, 20.00; Trace mineral solution, 

Isolation of Biosurfactant Producing Spore-Forming 
Bacteria from Oman: Potential Applications in 

Bioremediation 

W 

Saif N. Al-Bahry, Yahya M. Al-Wahaibi, Abdulkadir E. Elshafie, Ali S. Al-Bemani, Sanket J. Joshi 

World Academy of Science, Engineering and Technology
International Journal of Environmental and Ecological Engineering

 Vol:8, No:2, 2014 

77International Scholarly and Scientific Research & Innovation 8(2) 2014 scholar.waset.org/1307-6892/9997354

In
te

rn
at

io
na

l S
ci

en
ce

 I
nd

ex
, E

nv
ir

on
m

en
ta

l a
nd

 E
co

lo
gi

ca
l E

ng
in

ee
ri

ng
 V

ol
:8

, N
o:

2,
 2

01
4 

w
as

et
.o

rg
/P

ub
lic

at
io

n/
99

97
35

4

http://waset.org/publication/Isolation-of-Biosurfactant-Producing-Spore-Forming-Bacteria-from-Oman:-Potential-Applications-in-Bioremediation/9997354
http://scholar.waset.org/1307-6892/9997354


 

1m
sa
(O
te
ba
stu

(IF
K
bi

he
sa
sa
st
sa
pr
bo
sp
pr
ro
hy
an
sp
re

F

no
bi
m
an
(F
in
co
pr
nu

mL/L. The f
amples were c
OD660), chang
nsion and int
acteria were i
udied individu
To analyze 

FT), Drop s
Kruss, German
iosurfactant so

It is expecte
elpful for bior
amples pre-ex
amples were 
ations and oil

ample collecti
roximity to ou
oiled to destr
pore-forming 
roduction. Bio
ole in microb
ydrocarbon or
nd lichenysins
pore-forming 
eported so far 

 

ig. 1 Frequency

 
In this study

on-spore form
iosurfactant p

medium. Out o
nd 35 showed
Fig. 2), and sa
n IFT from 2
onsidered to 
roduction [4]
umber – 4, 6, 

 

flasks were i
collected at 24
ge in pH and 
terfacial tensi
solated from 
ually for biosu
surface tensi

shape analyz
ny) was used 
olution and n-

III. RESULT

ed that availab
remediation w
xposed to hy
collected fro

l reservoirs of
ion was highe
ur research la
roy all non-s

bacteria we
osurfactants a

bial enhanced
r heavy metal 
s are well-stu
Bacilli, and

[5], [10], [11]

y distribution of
locatio

y, the contam
ming bacteria 
production ac
f 42 samples a

d reduction in
ample number
26.69mN/m t

be a selec
. Maximum 
8, 15, 21 and 

incubated at 
4 and 48h, and

biosurfactant
ion). For seco
selected soil 
urfactant prod
ion (ST) and
er (Pendant 
[8]. IFT was

Hexadecane a

S AND DISCUS

bility of oil-d
will be compa
ydrocarbon/cru
om different g
f Oman (Fig. 
er for Al-Mab
aboratory. Th
spore forming
ere screened
are reported t
d oil recovery

contaminated
udied biosurfa

d are most p
].  

f soil sample co
ons in Oman 

minated soil s
and screened

ctivity in gluc
analyzed, sam

n ST from 70
r 11 and 35 al
to <9mN/m 
ction criterion
growth was 
30 (Fig. 4).  

40°C, 160rp
d analyzed for 
t production (
ondary screen
samples, and 

duction.  
d interfacial 

Drop Tensi
s measured b
at 26°C.  

SSION 
degrading or b
aratively highe
ude oil. So, 
garages, car 
1). The frequ
baila, because

he soil sample
g bacteria, an
d for biosur
to play an im
y, bioremedia
d sites [9]. Su
factants produ
potent biosur

ollection from d

samples to el
d all the samp
cose based m

mple number –
0mN/m to <35
lso showed re
(Fig. 3), wh
n for biosur
observed in 

 

pm and 
growth 

(surface 
ning the 

further 

tension 
ometer, 

between 

bacteria 
er from 
42 soil 
service 
ency of 
e of its 
es were 
nd only 
rfactant 

mportant 
ation of 
rfactins 

uced by 
rfactant 

 
different 

iminate 
ples for 
minimal 
– 11, 12 
5mN/m 
duction 
ich are 
rfactant 
sample 

sam
sin
bio
sha
scr
me
an
ba
11
<9
rep
[7]
ch
fur
 

Fig. 2 Biosurfa

 
Based on th
mples, sampl
ngle colonie
osurfactant pr
aped bacteria
reened for bi
edium. Sampl

nd biosurfactan
acteria were is
/3 showed hig

9mN/m respec
ported reducti
]. These isola

haracterized a
rther for biore

Fig. 3 Biosurfa

 

actant productio
from different

he results fr
le number 1
s of bacter
roducing bact
a were isolate
iosurfactant p
les were anal
nt production 
solated and stu
ghest reductio
ctively (Fig. 
ion in ST and 
ated spore-form
and their bio
emediation app

actant productio
from different

on (ST) from so
t locations in Om

rom primary 
1 was select
ria and fur
teria. Several 
ed on LB ag
production in
lyzed at 24h 
(ST and IFT)

udied, of whi
on in ST and I
5). Other res
IFT in this ra

ming bacteria
osurfactant ne
plications.  

on (ST) from so
t locations in Om

oil samples colle
man 

screening o
ted for isolat
rther screenin

Gram positiv
ar plates, and

n Cooper’s m
for growth (O
). Fourteen di
ch isolates 11
IFT - <35mN/
searchers hav
ange within 2

a needs to be 
eeds to be s

oil samples colle
man 

 
ected 

of soil 
tion of 
ng of 
ve, rod 
d were 

minimal 
OD660), 
ifferent 
1/2 and 
/m and 

ve also 
4h [5], 
further 
studied 

 
ected 

World Academy of Science, Engineering and Technology
International Journal of Environmental and Ecological Engineering

 Vol:8, No:2, 2014 

78International Scholarly and Scientific Research & Innovation 8(2) 2014 scholar.waset.org/1307-6892/9997354

In
te

rn
at

io
na

l S
ci

en
ce

 I
nd

ex
, E

nv
ir

on
m

en
ta

l a
nd

 E
co

lo
gi

ca
l E

ng
in

ee
ri

ng
 V

ol
:8

, N
o:

2,
 2

01
4 

w
as

et
.o

rg
/P

ub
lic

at
io

n/
99

97
35

4

http://waset.org/publication/Isolation-of-Biosurfactant-Producing-Spore-Forming-Bacteria-from-Oman:-Potential-Applications-in-Bioremediation/9997354
http://scholar.waset.org/1307-6892/9997354


 

sa
is
m
sh
w
stu
bi
sh
co
m
bi

Q
Pe
re

Fig. 4 Biosurfa

 

Fig. 5 Biosurfa

We have r
amples for iso
olates from O

medium. Our 
howed that o

which reduced 
udies are nee
iosurfactant m
howed that is
ontaminated s

microbes, whi
ioremediation 

Authors ackn
aboos Univ
etroleum Dev
esearch projec

factant productio
from differen

factant productio
from differen

IV. C
reported scre
olation of spo
Oman, using g

results from
one sample c

ST and IFT 
eded to ident
molecule in 
solation of s
ites will lead 
ich may ha
of those parti

ACKNO

nowledge His
versity, Om
velopment of
t. 

on (ST) from so
nt locations in O

on (ST) from so
nt locations in O

CONCLUSION 
eening of oi
ore-forming bi
glucose based
m screening 
contained spo
substantially 

tify the bacte
bioremediat

spore-forming
to potent bio

ave potential
icular sites.  

OWLEDGMENT 
s Majesty Res

man (SR/SCI
f Oman (PDO

oil samples coll
Oman 

oil samples coll
Oman 

il-contaminate
iosurfactant b

d minimal pro
of 42 soil-s

ore-forming b
within 24h. 

eria and the 
tion. Present
g bacteria fro
osurfactant pro
l role to p

search Funds,
I/BIOL/08/01
O) for fundin

 

 
lected 

 
lected 

ed soil 
bacterial 
duction 
samples 
bacteria 
Further 
role of 

t study 
om oil-
oducing 
play in 

, Sultan 
) and 
ng this 

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10

[11

 

I. M. Banat, "
enhanced oil 
Bioresour. Tec
C. N. Mulliga
remediation o
371-380, 2001
S J. Joshi and
NAPL & ferm
2010, Springer
J. D. Desai, a
their commerc
64, 1997. 
S. J. Joshi, H
"Occurrence 
Habitats," ISR
D. G. Coope
"Enhanced pro
product remov
Vol. 42, pp. 40
H. Al-Sulaima
Bemani, S. 
characterizatio
potential for en
H. Al-Sulaima
Bemani, S. J
biosurfactants 
MEOR in Om
Al-Sulaimani, 
A. Al-Bemani
Current deve
Bioeng,vol. 1,p

0] M. Javaheri, 
“Anaerobic pr
2,” Appl. Env.

1] M. Nitschke, 
surfactant obta
Bioresour. Tec

REFE

"Biosurfactants p
recovery and 

chnol. 51, pp. 1-1
ana, R. N. Yongb
f contaminated s

1. 
d A. J. Desai, “B
mentative produc
r and Landes Bio

and I. M. Banat, 
cial potential," M

H.Suthar, A. K. 
of Biosurfactan
N Biotechnol, vo

er, C. R. Macd
oduction of surfa
val and metal ca
08–412, 1981. 
ani, Y. Al-Waha
Joshi and S. 

on of biosurfactan
nhanced oil recov
ani, Y. Al-Waha
Joshi and S. Z

produced by B
mani oil field," SPE

H., S. Joshi, Y. A
i. "Microbial bio

elopments and 
pp. 147-158, 201
G. E. Jenneman

roduction of a bi
Microbiol., vol. 
and G. M.Pas

ained from Bacill
chnol., vol. 97, pp

ERENCES 
production and po

oil pollution r
12, 1995. 
b, and B. F. Gibb
soil: a review," E

Biosurfactants: R
ction," In: Biosu

oscience publicati
"Microbial produ

Microbiol. Mol. Bi

Yadav, K. Hing
nt Producing Ba
ol. 2013, 2012. 
donald, S. J. B
actin from Bacillu
ation addition," A

aibi, S.N. Al-Bah
Zaragari, "Op

nt produced by B
very," SPEJ, vol. 
aibi, S.N. Al-Bah

Zaragari, "Experi
Bacillus species 
E 129228, 2010. 
Al-Wahaibi, S. A
otechnology for 
future prospect
1. 

n, M. J. McIner
iosurfactant by B
50, pp. 698–700,
store, "Productio
lus subtilis grown
p. 336-341, 2006

ossible uses in m
remediation: a 

bsc, "Surfactant-e
Eng Geology, vol

Role in bioremedi
urfactants, (Ed. R
ions, USA, pp. 22
uction of surfact
iol. Rev., vol. 61,

gurao, and A. N
acillus spp. in 

. Duff, and N.
us subtilis by con

Appl. Environ. M

hry, A. Elshafie
ptimization and 
Bacillus species a

1, pp. 672-682, 2
hry, A. Elshafie
imental investiga

and their poten

Al-Bahry, A. Elsh
enhancing oil r

ts." Biotechnol. 

rney, and R. M.
Bacillus lichenifo
, 1985. 
on and properti
n on cassava wast
. 

microbial 
review," 

enhanced 
. 60, pp. 

iation of 
R. Sen), 
22-235. 
tants and 
, pp. 47–

Nerurkar, 
Diverse 

.Kosaric, 
ntinuous 

Microbiol. 

, A. Al-
partial 

and their 
2011. 
, A. Al-
ation of 
ntial for 

afie, and 
recovery: 

Bioinf. 

 Knapp, 
rmis JF-

es of a 
tewater," 

World Academy of Science, Engineering and Technology
International Journal of Environmental and Ecological Engineering

 Vol:8, No:2, 2014 

79International Scholarly and Scientific Research & Innovation 8(2) 2014 scholar.waset.org/1307-6892/9997354

In
te

rn
at

io
na

l S
ci

en
ce

 I
nd

ex
, E

nv
ir

on
m

en
ta

l a
nd

 E
co

lo
gi

ca
l E

ng
in

ee
ri

ng
 V

ol
:8

, N
o:

2,
 2

01
4 

w
as

et
.o

rg
/P

ub
lic

at
io

n/
99

97
35

4

http://waset.org/publication/Isolation-of-Biosurfactant-Producing-Spore-Forming-Bacteria-from-Oman:-Potential-Applications-in-Bioremediation/9997354
http://scholar.waset.org/1307-6892/9997354

