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Abstract Crude oil with different concentrations was sub-
jected to Pseudomonas species at 37 °C and various incu-
bation periods. The results showed that Pseudomonas
species grew faster at 1% (v/v) concentration of crude oil
and exhibited high biodegradation ability within 1 week.
On measuring the emulsification activity and emulsion sta-
bility during different stages of growth, in various immisci-
ble hydrocarbons, it appeared that the species was able to
produce a stable emulsion with a maximum at the end of
stationary phase of growth. The gas chromatography analy-
sis of the saturated hydrocarbons of crude oil showed that,
an increase in concentration of iso-alkanes in the range of
C,5—C,(, and a bioconversion of heavy iso-alkanes in the
range of C,,—C,,,. Chemical analysis of crude oil by liquid
chromatographic technique before and after growth showed
that, the saturated alkanes were more degradable than aro-
matic and asphaltenic compounds. Treatment by Pseudo-
monas species may possibly be an effective method for the
biodegradation of heavy paraffinic hydrocarbon leading to
an enhancement in crude oil properties.
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Introduction

In the recent years, much attention has been directed toward
biosurfactant due to its broad-range application and also
because of its advantage over the chemical surfactants. The
amount of biosurfactant producer is mainly affected by the
strain type, composition of culture medium and growth
conditions [1-3]. Several studies have demonstrated the
successful use of biosurfactants for the degradation of
organic pollutants in soil, dispersion of oil spills and
enhancing crude oil recovery process and the transportation
of crude oil [4-10]. Lazer et al. [11] reported the isolation
of biosurfactant-producing microorganisms, and had
proven that microorganisms could be used as an effective
alternative to conventional methods to prevent and remove
paraffin damage. The microorganisms used for such pur-
poses are simply hydrocarbon utilizing, non-pathogenic
microorganism, the by-products of which are alcohols,
gases, acids, biosurfactant and polymers, which cause
marked change in the physical-chemical properties of the
crude oil as well as on well-bore area [10-14]. Hao et al.
stated that the microbial growth on crude oil resulted in
losses of aromatic hydrocarbons, resins, and asphaltenes,
and the bioconversion of crude oil leads to an enrichment in
lighter hydrocarbons and an overall redistribution of these
hydrocarbons [13].

The aim of this study is to isolate a bacterial consortium
from natural environment that has the ability of producing
biosurfactants, which could minimize the paraffin deposi-
tion along the production flow line and also enhance the
crude oil properties.

In this work, Pseudomonas species, which was isolated
from marine sediment [15] was screened for its ability to
grow on crude oil and n-hexadecane. Besides monitoring
growth, the bioconversion and biodegradation of crude oil
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by means of gas—liquid chromatography were investigated.
The bacterial ability to emulsify different hydrocarbons and
the emulsion stability at room temperature were also exam-
ined. The data presented here demonstrated that Pseudomo-
nas species was greatly able to emulsify different
hydrocarbon sources and degrade iso-alkanes more than n-
alkanes, whereas, throughout the literature, Pseudomonas
aeruginosa was introduced as one of the effective microor-
ganisms in the biodegradation of heavy paraffin hydrocar-
bon compounds [12].

In addition, two crucial indicator parameters of oil
potential depositing paraffin and flow resistance were
investigated; wax appearance temperature (WAT), temper-
ature at which the first crystals appear in the bulk of the
fluid and the viscosity which represents the resistance of a
fluid to flow.

Materials and methods
Source of microorganisms

The microorganism used in this study was obtained by the
enrichment culture technique from marine sediment which
was contaminated with hydrocarbon. Marine sediment sam-
ples were obtained from different locations at the Alharka
terminal in the eastern part of Libya.

Enrichment culture experiment was carried out in the
batch experiment using bioreactor with 1.8 liter of steril-
ized Enrichment Salts Medium (ESM) [15]. A measure of
10 ml of Marine sediment sample plus 0.5% (v/v) of crude
oil were added to the sterilized ESM. The system was oper-
ated at the following parameters: temperature 37 °C, pH
7.3, air flow rate 2 1/min and agitation at 250 rpm. The
incubation period was left up to 7 days. For isolating pure
culture from ESM, a streak plate method on Nutrient Agar
plates was used. The plates were incubated at 37 °C for
24 h.

Growth conditions and growth mounting

Pure cultures were aseptically transformed into Mineral
Salts Medium (MSM) [16] containing different concen-
trations of crude oil 1, 5 and 10% (v/v). Cultures were
grown in 250-ml Erlenmeyer flasks with 50 ml of
medium and incubated with shaking at 150 rpm and
37 °C for 7 days.

The growth rate of the isolated species was deter-
mined by measuring the culture turbidity. The turbidity
of the culture was determined by measuring the Optical
Density (OD) at a wavelength of 540 nm in 2-ml
cuvettes using a spectrophotometer (Jenway Series 6105
UV-Vis) [15].
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Characterization of bacterial stain

Preliminary identification procedures were carried out
according to the Berge’s manual of systematic bacteriol-
ogy, Krieg and Holt [17] and Bradshaw [18] on the basis of
morphological features and standard physiological tests.

Emulsification activity and stability measurement

The emulsification activity (E,,) and stability of culture
broth were determined using kerosene, xylene, toluene and
crude oil [19, 20]. In this test 2 ml of hydrocarbon was
added to an equal volume of the culture broth in a screw-
cap test tube and vortexed at high speed for 2 min. The
emulsion stability at ambient temperature and atmospheric
pressure was determined after 24 h by dividing the mea-
sured height of the emulsion layer by the total height of the
mixture and multiplying it by 100 [19].

The emulsification activity of supernatant fluid was con-
sidered by measuring the absorbance at 610 nm using a
spectrophotometer (Jenway Series 6105 UV-Vis).

Chemical property analysis
Liquid chromatographic analysis

Confirmative experiments were conducted on the residual
crude oil by using combined solvent extraction-column
chromatographic techniques. Solvent extraction steps were
involvedin the removal of inorganic compound and separa-
tion of asphaltene compounds. The chromatographic steps
were used to fractionate the residual of crude oil to satu-
rated and aromatic fractions in the crude oil; details of these
experiments are described in references [21, 22].

Gas chromatographic analysis

The analysis of n-alkanes and iso-alkane before and after
microbial growth was done using a capillary gas chromato-
graph (Chrompack Model 439) equipped with a Flame Ion-
ization Detector (FID), a split/splitless injector and cp-sil 5
CB column (50 m, 0.32 mm, 0.12 um film thickness). A
column temperature of 40 °C was held for 2 min and then
ramped at a rate of 5°C/min to a final temperature of
300 °C and held for 30 min.

Physical property analysis
Wax appearance temperature (WAT)
Differential Scanning Calorimetry (DSC) was used to mea-

sure WAT of the crude oil samples with cooling rate of
10 °C per min.
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Viscosity

Viscosity measurement was performed on rotating viscom-
eter (CV100), which allows the determination of viscosity
against the shear rate. Experiment conditions were 50 °C
sample temperature, 5 min of shearing time and 12 s™! max-
imum shearing rate.

Results and discussion

In this study, the potential production of biosurfactant at
various incubation periods was assessed based on the emul-
sification activity percent (E,,). Figure 1 showed that,
Pseudomonas species was able to grow on two different
concentrations of n-hexadecane. The emulsification activity
of culture broth for culture grown on concentration of n-C
0.3% (v/v) was higher than that of n-C,4 1% (v/v). For cul-
ture grown on concentration of n-C4 0.3% (v/v), the high-
est value of emulsification activity was obtained on toluene
with E,, equal to 100% after 24 h. The specific growth rate
and the emulsification index values are similar to the results
obtained by Pseudomonas aeruginosa which emulsifies
kerosene with 60.6% and has specific growth rate 0.25 h™!
[23]. From Fig. 2, it is found that the culture supernatant
generated stable emulsions of high optical density values,
which indicated the production of extra-cellular surface-
active compounds; this result was in agreement with that of
Lang and Wagner and Santa Anna et al. [3, 24].

Figure 3 shows the growth curve of Pseudomonas spe-
cies, which has a lag phase of approximately 8 h and peak
growth at 20 h with a maximum specific growth rate of
0.243h7 1,

The emulsion stability was determined after 1 and 24 h
of emulsion preparation using toluene, xylene and kero-
sene; the stabilization of biosurfactant was indicated by the
emulsification percentage of activity of the culture broth.

Fig. 1 Emulsification activity
of culture broth (culture media
with microorganisms) grown on
different concentrations of n-C,¢
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Fig 2 Emulsification activity of supernatant fluid (cell free broth
culture)
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Fig. 3 Growth curve of Pseudomonas species

The results shown in Fig. 4 demonstrated that the isolated
species was better able to produce a stable emulsion on tol-
uene and xylene than kerosene. Also measurement of the
emulsifying activity during different stages of growth
showed that, the activity was higher and the stability was
best during the end of stationary phase of growth.

Gas chromatographic analysis (GC) was carried out on
untreated crude oil, 1 and 5% (v/v) crude oil treated with
Pseudomonas. GC results indicated that, the microbial deg-
radation of paraffinic hydrocarbon of crude oil at 1% (v/v)
was higher than that obtained at 5% (v/v). Figures 5 and 6
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Fig. 4 Emulsions stability mea-
surements on immiscible hydro- 0
carbons during different
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& 19 hydrocarbon. Aldrett et al. [26] concluded that the speed of
e:; the biochemical action on crude oil was faster within the
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Fig 5 Distributions of n-alkane in different concentrations of crude oil
before and after treatment with Pseudomonas
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Fig. 6 Distributions of iso-alkane in different concentration of crude
oil before and after treatment with Pseudomonas

show GC analysis of n-alkane and iso-alkane before and
after 21 days of microbial growth. At concentrations of 1
and 5% (v/v) crude oil, there was a significant increase in
iso-alkane (C,5—C,;) from 11 to 56 and 49 wt%, respec-
tively. Also, microbial growth resulted in a significant
reduction of light hydrocarbon fractions (C,,—C,,) which
may be due to the utilization of the light fraction before the
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lar observation. After 1 week, there was a noticeable
decrease in the heavy fractions and an increase in the light
fractions of (C;s—C,), from 57 to 22 wt% and from 27 to
65 wt%, respectively, which was explained by the avail-
ability of nutrients that were sufficient for microbial
growth; there was no high accumulation of poisonous prod-
ucts in the medium during that period of growth, in addition
to the biosrfactant production which has significant impact
on crude oil degradation. The physical result shows a sharp
decrease in viscosity at shear rate below 3 s~ but after
557! the viscosity remains steady. DSC analysis of the
crude oil showed a reduction in the WAT as compared with
the WAT before the bacterial growth. WAT was decreased
from 50.94 °C before the bacterial growth to 42 °C after the
bacterial growth.

Conclusions

The emulsification activity results showed the ability of
Pseudomonas species to emulsify immiscible hydrocarbon
such as kerosene, toluene, xylene and crude oil. Hundred
percentage emulsification stability was obtained using tolu-
ene and xylene, and 85% stability using kerosene. The
amount of biosurfactant produced was highly affected by
hydrocarbon concentration in the medium, and its optimum
production was at the end of stationary phase of growth.
Pseudomonas species has a maximum growth rate using
1% (v/v) of crude oil concentration; the maximum reduc-
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Fig. 7 GC analysis of 5% (v/v) concentration of crude oil treated with
Pseudomonas at different incubation period

Table 1 Hydrocarbons distribution results from liquid chromato-
graphic analysis

Fraction wt% Before growth After growth
Asphaltenes 3.8 34
Saturates 64.7 55
Aromatic 353 45

tion was observed on heavy iso-alkane fractions after
1 week of incubation period. Liquid chromatography analy-
sis showed a noticeable increase in the aromatic fraction
and a remarkable decrease in the saturated fraction. This
could be attributed to the microbes which are more capable
to degrade paraffinic fraction than aromatic fraction. The
marked increase in the light hydrocarbon of iso-alkane
(C,5-C,y) indicates that, Pseudomonas species may be an
efficient species for reducing paraffin deposition and the
reduction in viscosity and WAT indicate the conversion of
long-chain alkanes to short ones.
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