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Abstract: In this study, the growth of sixty-one bacterial strains in crude oil were determined spectrophotometrically at 620 nm. Pseudomonas aeruginosa
G1, Pseudomonas fluorescens G6, Pseudomonas stutzeri G11 and Pseudomonas putida G15 were chosen for the study based on the efficiency of crude
oil utilisation. At 1% (v/v) crude oil concentration, P. stutzeri G11 strain degraded a maximum of 69%. The percentage of degradation by the P. stutzeri G11
strain decreased from 69% to 59% as the concentration of crude oil was increased from 1% (v/v) to 2.5% (v/v). Strain G11 was selected to determine the
effects of surfactants (Tween- 80 and TritonX-100) on the biodegradation of crude oil. While strain G11 showed 76% degradation at mineral salts medium
(MSM) containing 1% (v/v) crude oil + 1% (v/v) TritonX-100, it showed 61% degradation at MSM containing 2.5% (v/v) crude oil + 2.5% (v/v) TritonX-100.
Also, degradation rate of this strain was 96% in the presence of 1% (v/v) crude oil + 1% (v/v) Tween-80, while degradation rate was 48% in the presence
of 2.5% (v/v) crude oil + 2.5 % (v/v) Tween-80. Additionally, we investigated the rhamnolipid production of P. stutzeri G11 strain both in crude oil and in crude
oil + two different surfactants (TritonX-100 and Tween-80, separately). These results suggest that surfactants have improved both crude oil degradation and

rhamnolipid production and the degradation rates have depended very much on the chemical structure of surfactants
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Introduction

Petroleum hydrocarbon continues to be used as the principle
source of energy and hence an important global environmental
pollutant (Rahman et al., 2003). Environmental pollution with
petroleum and petrochemical products (complex mixtures of
hydrocarbons) has been recognised as one of the most serious
current problem, especially when associated with accidental spills
on the large scale (Plohl and Leskovsek, 2002, Ghosh et al., 2006).

Crude oil is composed of a wide range of hydrocarbons.
Microbial utilization of these compounds as sole carbon sources is
highly dependent on the chemical nature of the compounds within
the petroleum mixture and on the environmental determinants (Atlas,
1981; Bharathi and Vasudevan, 2001; Chukwu and Odunzeb, 2006).
Under ideal conditions, the hydrocarbons are completely mineralized
to carbon dioxide and water, with some biomass production.
Biodegradation efficiency depends on microorganisms, capability of
producing enzymes and that will degrade the target compounds.
Factor such as temperature, pH and nutrient status are ofimportance
as moderators (Alexander, 1994). Degradation of these hydrocarbon
by microorganisms has been assessed by a variety of strategies
including the seeding of the environment with mixed oil-utilizing
bacteria (Dave et al., 1994). Numerous microorganisms, including
bacteria, fungi, and yeasts are known for their ability to degrade
hydrocarbons (Chaillan et al., 2006).

Surfactants are amphipathic molecules with both hydrophilic
and hydrophobic (generally hydrocarbon) moieties that partition

preferentially at the interface between fluid phases with different
degrees of polarity and hydrogen bonding such as oil/water or air/
water interfaces (Desai and Banat, 1997). Therefore chemical
surfactants are widely used in industrial applications; biosurfactants
are biological molecules with similar properties to their chemical
counterparts. Probably the most important advantage of
biosurfactants over chemical surfactants is their ecological
acceptability. Moreover, biosurfactants are non-toxic, natural
biodegradable products and thus, essentially compatible with the
biogeochemical cycle (Haba et al., 2000). There have been recent
many reports on using them in enhanced oil biodegradation
(Mulligan et al., 2001; Rahman et al., 2002a; Urum et al., 2003).
Biosurfactants can be produced with high yield by some
microorganisms, especially Pseudomonas sp. These
microorganisms can use the various renewal resources, especially
agro industrial wastes, as the potential carbon sources (Maneerat,
2005). Among the best studied biosurfactants are rhamnolipids that
belong to the glycolipid class (Tuleva et al., 2002). Rhamnolipids
have been identified predominantly from Pseudomonas aeruginosa
(Burger et al., 1963; Tuleva et al., 2002).

The aim of this study is to determine (a) biodegradation of
crude oil by bacterial strains which were previously isolated from
soils in laboratory, (b) effect of surfactants (Tween- 80 and TritonX-
100) on crude oil degradation by P. stutzeri strain G11 which was
selected due to its high crude oil degradation (c) rhamnolipid
production both in crude oil and crude oil + surfactant by P. stutzeri
strain G11.
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Table - 1: Different growth levels of sixty-one bacterial strain in crude oil [1% (v/v)]
OD?at 620 nm

Genera

Total no. 0.0-0.2 0.21-0.4 0.41-0.6 0.61-0.8 0.81-1.0 1.011.2
Pseudomonas sp 3 18 4 5 2 1 3
Bacillus sp 2 2 - - - - -
Total 61 46 4 5 2 1 3

2=Number of strains reaching this OD, ND =None detected, Low growth =0.0-0.4, Moderate growth =0.41-0.6, High growth =0.61-1.0, Excellentgrowth=1.01-1.2

Table - 2: Biodegradation of two concentrations [1 %(v/v) and 2.5 %(v/v)]
of crude oil by bacterial strains after 7 days incubation at 30°C

. Crude oil
Strain*
1% ; 7 days*™ 2.5%; 7 days™
Pseudomonas aeruginosa G1 502 48
Pseudomonas fluorescens G6 46 42
Pseudomonas stutzeri G11 69 59
Pseudomonas putida G15 5 57

* = Strain were previously isolated and identified, ** = Oil degradation (%)

Materials and Methods

Bacterial strains: The strains of 33 Pseudomonas spp. and 28
Bacillus spp. used in this study were obtained from the culture collection
of the Biotechnology Laboratuary at Gazi University (Ankara,
TURKEY). These strains were previously identified by the Analytical
Profile Index (API 20 NE for Pseudomonas isolates and API 20E
and API 50CHB for Bacillus isolates).

The growth determination: The composition of the MSM used in
this study was as follow (g I'): NaNO, 4.0, NaCl 1.0, KCI 1.0,
CaCl,-2H,0 0.1, KH,PO, 3.0, Na,HPO,-12H,0 3.0, MgSO, 0.2,
FeSO,7H,00.001; 2 ml trace element stock solution composed of
(g I"): FeCl,-6H,0 0.08, ZnSO,-7H,0 0.75, CoCl,-6H,0 0.08,
CuSO,-5H,0 0.075, MnSO,-H,0 0.75, H,BO, 0.15,
Na,MoO,2H,0 0.05. The initial pH was adjusted to 6.8. The bacterial
cultures (12 hr) were inoculated MSM with 1% (v/v) crude oil
(Kirigkkale Refinery-National Oil Company of Turkey) as carbon
source. They were kept in a shaker at 200 rpm at 30 °C for a period
of 7 days. The growth was monitored through culture densities,
measuring absorbance spectrophotometrically (HitachiUV-VIS) at
620 nm wavelength.

Biodegradation of crude oil: The overnight culture at the log
phase of growth were transferred to 250 ml flasks, each containing
100 ml of sterile defined mineral salts medium (MSM) with [1% (v/v)
and 2.5% (v/v)] two concentrations of crude oil. The flasks were
incubated in a shaker at 200 rpm at 30°C for 7 days. The total
hydrocarbons in the treatments were determined
spectrophotometrically at 420 nm wavelength. Degradation was
estimated as the difference between the initial and the final
concentrations of total hydrocarbons (Rahman et al., 2002b).

On the other hand, to investigate the effects of surfactants
(Tween- 80 and TritonX-100) on the biodegradation of crude oil, P.
stutzeri G11 strain which was chosen due to the high crude oil
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degradation was cultivated in the sterile defined MSM containing 1%
(viv) crude oil +1% (v/v) Tween -80 and in the sterile defined MSM
containing 2.5% (v/v) crude oil + 2.5% (v/v) Tween- 80. Also, strain
G11 was cultivated in the sterile defined MSM containing 1% (v/v)
crude oil + 1% (v/v) TritonX-100 and 2.5% (v/v) crude oil + 2.5%
(v/v) TritonX-100. The cultivations were conducted in 250 ml shaking
(200rpm) flasks containing 100 ml medium for a period of 7 days.
The temperature was controlled at 30°C. Then, biodegradation
determination was conducted as above.

Determination of rhamnolipid: Strain G11 was inoculated on
100 ml of sterile defined MSM containing different concentrations
of crude oil [1% (v/v) and 2.5% (viv)] for biosurfactant production,
followed by incubation on a rotary shaker (130 rpm) at 30UC. To
investigate the effect of crude oil + surfactants (Tween-80 and
TritonX-100) on the biosurfactant production (rhamnolipid), strain
G11 was cultivated in sterile defined MSM containing 1% (v/v)
crude oil+ 1% (v/v) Tween -80 and 2.5 % (v/v) crude oil +2.5 % (v/
v) Tween- 80. Also, strain G11 was cultivated in the sterile defined
MSM containing 1% (v/v) crude oil + 1% (v/v) TritonX-100 and in
the sterile defined MSM containing 2.5 % (v/v) crude oil + 2.5 % (v/
v) TritonX-100. Bacterial cells were removed from biosurfactant
containing medium by centrifugation at 6000 rpm for 10 min. This
crude extract was dried with the aid of a rotary evaporator under
vacuum. Rhamnolipid concentration was determined according to
Dubois et al. (1956) by the colorimetric phenolsulphuric acid method
at 480 nm using the spectrophotometer.

Results and Discussion

Biodegradation of crude oil: The growth of sixty-one bacterial
strains was determined spectrophotometrically at 620 nm(Table 1).
Bacterial strains (P aeruginosa G1, P. fluorescens G6, P, stutzeri
G11, P. putida G15) with highest growth in crude oil [1% (v/v)]
were chosen. Previous observations have identified the
Pseudomonas genus among hydrocarbon degrading
microorganisms (Lal and Khanna, 1996; Banat et al., 2000,
Bharathi and Vasudevan, 2001; Saadoun, 2002). Prevalence
of members of the genus Pseudomonas in all soils tested confirms
previous reports about the widespread distribution of such
bacteria in hydrocarbon-polluted soils and reflects their potential
in utilizing these hydrocarbon contaminants for growth (Cork
and Krueger, 1991). Also, Nwachukwu et al. (2001) have
reported that treatment of oil-impacted agricultural soil with P
putida as a bioremediation agent does produce soil which is
capable of growing larger and healthier plants than where without
P. putida inoculation has not taken place.
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Table - 3: The biodegradation and the rhamnolipid production crude oil and crude oil+surfactant of P stutzeri strain G11

Strain P. stutzeri G11
. Crude oil (v/v) Crude oil + tritonX-100 (v/v) Crude oil + tween-80 (v/v)
Concentration
1% 25% 1% 25% 1% 25%
Degration rate (%) (68} 59 76 61 % 48
Rhamnolipid* (g I) 0.003+0.1 0.009+0.0 0.4%0.2 0.5+0.1 0.2+0.0 0.1£0.2

*=Values are the meansSD of triplicate measurements

Fig. 1: Biodegradation from 0-7 days of crude oil [1 %(v/v)] by P. stutzeri
G11 strain in flasks

In our study, oil degradation test is subjected to these strains
to different concentrations of crude oil [1% (v/v) and 2.5%(v/v)] in
MSM medium. The efficiency of different oil concentrations on the
crude oil degradation of bacterial cultures was tested. The results
showed that at 1% (v/v) crude oil concentrations, P. stutzeri G11
strain could exhibit a maximum of 69% of degradation after 7 days
incubation. P. stutzeri G11 strain is followed by P. putida G15, P
aeruginosa G1 and P. fluorescens G6 strains with 58%, 50% and
46% respectively. Also at 2.5% (v/v) crude oil, P. stutzeri G11 strain
showed 59% degradation after 7 days incubation followed by P.
putida G15, P. aeruginosa G1 and P, fluorescens G6 strains (57%,
48%, 42%, respectively) again (Table 2). Similarly, several
researches have reported that crude oil degradation was inversely
proportional to the concentration of oil (Rambeloarisoa et al., 1984;
Rahman et al., 2002b). Rahman et al. (2002b) have described that
at 1% (v/v) crude oil, this strain could carry out of 66% degradation
while 2.5% (v/v) crude oil, the Pseudomonas sp DS10-129 strain
could carry out of 54% degradation.

Effect of surfactants on crude oil degradation: Microorganisms
growing on petroleum usually produce potent emulsifiers and these
surfactants help to degrade petroleum (Rosenberg, 1993). In this
study P, stutzeri G11 strain was selected due to the high crude oil
degradation (Table 2 and Fig. 1). The effect of TritonX-100 and
Tween-80 on crude oil degradation after 7 days incubation is showed
in Table 3. While strain G11 showed 76% degradation at MSM
containing 1% (v/v) crude oil + 1% (v/v) TritonX-100, it showed

61% degradation at MSM containing 2.5% (v/v) crude oil + 2.5%
(v/v) TritonX-100. Also, degradation rate of this strain was 96% in
the presence of 1% (v/v) crude oil + 1% (v/v) Tween-80 while
degradation rate was 48% in the presence of 2.5% (v/v) crude oil
+2.5 % (viv) Tween-80. Similarly, several researches have reported
that the use of surfactants have enhanced degradation of crude oil
(Balba et al., 2002; Urum et al., 2003). In our study, the degradation
at Tween-80 decreased at a higher rate compared to the degradation
at TritonX-100. Some researchers reported that synthetic surfactants
were effective on biodegradation of diesel oil and cell growth was
inhibited at high concentrations of Tween 80 (Lee et al., 2006).
These reports have confirmed our results. Finally, these results
have shown that the surfactants were able to stimulate the
biodegradation of crude oil, but the degradation rates have depended
on the chemical structure (Table 3).

Biosurfactants can be produced with high yield by some
microorganisms, especially Pseudomonas sp (Maneerat, 2005).
Water soluble carbon sources such as glycerol, glucose, mannitol
and ethanol were all used for hamnolipid (biosurfactant) production
by Pseudomonas sp (Desai and Banat 1997). In this study we
investigated the production of rhamnolipid of strain G11 in defined
MSM containing different concentrations of crude oil [1 % (v/v) and
2.5% (v/v)]. Due to the emulsifying properties of surfactants we
have also investigated the rhamnolipid production in crude oil +
surfactants. Table 3 shows the production of rhamnolipid biosurfactant
of this strain. Rhamnolipid production in MSM supplemented with
2.5% (v/v) crude oil (0.009 g/l) was higher than in MSM
supplemented with 1% (v/v) crude oil (0.003 g/l) (Table 3). We
determined the production of rhamnolipid (0.4% and 0.5%,
respectively) of strain G11 in MSM containing 1% (v/v) crude oil +
1% (v/v) TritonX-100 and in MSM containing 2.5% (v/v) crude oil
+ 2.5% (viv) TritonX-100. Also the production of rhamnolipid
biosurfactant of this strain was found (0.2 % and 0.1%, respectively)
in MSM containing 1% (v/v) crude oil + 1% (v/v) Tween-80 and in
MSM containing 2.5% (v/v) crude oil and 2.5% (v/v) TritonX-100
(Table 3). To our knowladge, this is the first report describing the
rhamnolipid production of Pseudomonas genus in crude oil +
surfactant.

In summary, the result of these experiments indicates
following important points, (a) these four Pseudomonas strains
capable of degrading crude oil, (b) our results suggest that the
additions of surfactants could facilitate the biodegradation of crude oil
by strain G11, (c) rhamnolipid production of G11 strain in MSM
containing crude oil + surfactant was higher than MSM with only
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crude oil. However, further research is needed to determine the
maximum crude oil degradation and the rhamnolipid production by
strain G11 under different environmental conditions.

References

Alexander, M.: Biodegradation and Bioremediation. Ca.: Academic Press,
San Diego (1994).

Atlas, Ronald M.: Microbial degradation of petroleum hydrocarbons, an
environmental perspective. Microbiol. Rev., 45, 180-209 (1981).

Balba, M.T., Y. Al-Shayji, N. Al-Awadhi and A. Yateem: Isolation and
characterization of biosurfactant-producing bacteria from oil-contaminated
soil. Soil and Sediment Contamination, 11, 41-55 (2002).

Banat, J.M., R.S. Makkar and S.S. Cameotra: Potential commercial applications
of microbial surfactants. Appl. Microbiol. Biotechnol., 53, 495-508 (2000).

Bharathi, S. and N. Vasudevan: Utilazation of petroleum hydrocarbons by
Pseudomonas fluorescens isolated from petroleum contaminated soil.
Environ. Int., 26, 413-416 (2001).

Burger, M.M., L. Glaser and R.M. Burton: The enzymatic synthesis of
rhamnose-containing glycolipid by extracts of Pseudomonas
aeruginosa. J. Biol. Chem., 238, 2595-2602 (1963).

Chaillan, F., C.H. Chaineau, V. Point, A. Saliot and J. Oudot: Factors inhibiting
bioremediation of soil contaminated with weathered oils and drill cuttings.
Environ. Pollut., 144, 255-265 (2006).

Chukwu, L.O. and C.C. Odunzeh: Relative toxicity of spent lubricant oil and
detergent against benthic macro-invertebrates of a west african estuarine
lagoon. J. Environ. Biol., 27, 479-484 (2006).

Cork, D.J. and J.P. Krueger: Microbial transformation of herbicides and
pesticides. Adv. Appl. Microbiol., 36, 1-66 (1991).

Dave, H., C. Ramakrishna, B.D. Bhatt and J.D. Desai: Biodegradation of slop
from a petrochemical industry and bioreclamation of slop oil
contaminated soil. World. J. Microbiol. Biotechnol., 10, 653-656 (1994).

Desai, J.D. and .M. Banat: Microbial production of surfactants and their
commercial potential. Microbiol. Mol. Biol. Rev., 61, 47-64 (1997).

Dubois, M., KA. Gilles, J.K. Hamilton, P.A. Rebers and F. Smith: Colorimetric
method for determination of sugars and related substances. Anal.Chem.,
28, 350-356 (1956).

Ghosh, Apurba Ratan, Padmanabha Chakraborti and Sandipan Pal: Impact of
diesel oil effluent in the mucosal surface of the alimentary canal of
Oreochromis nilotica (Linnaeus): A scanning electron microscopic
study. J. Environ. Biol., 27, 129-134 (2006).

Haba, E., M.J. Espuny, M. Busquets and A. Manresa: Screening and
production of rhamnolipids by Pseudomonas aeruginosa 4772 NCIB
40044 from waste frying oils. J. Appl. Microbiol., 88, 379-387 (2000).

Journal of Environmental Biology o November, 2008 o

Celik et al.

Lal, B. and S. Khanna: Degradation of crude oil by Acinetobacter calcoaceticus
and Alcaligenes odorans. J. Appl. Bacteriol., 81, 355-362 (1996).

Lee, M., M.K. Kim, I. Singleton, M. Goodfellow and S.T. Lee: Enhanced
biodegradation of diesel oil by a newly identified Rhodocooccus
baikonurensis EN3 in the presence of mycolic acid. J. Appl. Microbiol.,
100, 325-333 (2006).

Maneerat, Suppasil: Production of biosurfactants using substrates from
renewable-resources. Songklanakarin. J. Sci. Technol., 27, 675-683
(2005).

Mulligan, C.N., R.N. Yong and B.F. Gibbs: Surfactant-enhanced remediation
of contaminated soil: A review. Eng. Geol., 60, 371-380 (2001).
Nwachukwu, S.C., P. James and T.R. Gurney: Impacts of crude oil on
the germination and growth of cress seeds (Lepidium sp.) after
bioremediation of agricultural soil polluted with crude petroleum
using “adapted” Pseudomonas putida. J. Environ. Biol., 22, 29-36

(2001).

Plohl, K. and H. Leskovsek: Biological degradation of motor oil in water. Acta
Chim. Slov., 49, 279-289 (2002).

Rahman, K.S.M., .M. Banat, J. Thahira-Rahman, T. Thayumanavan and P
Lakshmanaperumalsamy: Bioremidation of gasoline contaminated
soil by a bacterial consortium amended with poultry litter, coir
pith and rhamnolipid biosurfactant. Biores. Technol., 81, 25-32
(2002a).

Rahman, K.S.M., J. Thahira-Rahman, P. Lakshmanaperumalsamy and .M.
Banat: Towards efficient crude oil degradation by a mixed bacterial
consortium. Biores. Technol., 85, 257-261 (2002b).

Rahman, K.S.M., J. Thahira-Rahman, Y. Kourkoutas, |. Petsas, R. Marchant
and I.M. Banat: Enhanced bioremediation of n-alkane in petroleum
sludge using bacterial consortium amended with rhamnolipid and
micronutrients. Biores. Technol., 90, 159-168 (2003).

Rambeloarisoa, E., J.F. Rontani, G. Giusti, Z. Duvnjak and J.C. Bertrand:
Degradation of crude oil by a mixed popolation of bacteria isolated from
sea surface foams. Mar. Biol., 83, 69-81 (1984).

Rosenberg, Eugene: Exploiting microbial growth on hydrocarbons-new
markets. Trends. Biotechnol., 11, 419-424 (1993).

Saadoun, 1.: Isolation and characterisation of bacteria from crude petroleum oil
contaminated soil and their potential to degrade diesel fuel. J. Basic.
Microbiol., 42, 420-428 (2002).

Tuleva, BK., G.R. Ivanov and N.E. Christova: Biosurfactant production by
a new Pseudomonas putida strain. Z Naturforsch. C., 57, 356-360
(2002).

Urum, K., T. Pekdemir and M. Gopur: Optimum conditions for washing of
crude oil-contaminated soil with biosurfactant solutions. Process Saf.
Environ., 81, 203-209 (2003).



