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Abstract

The capability of a Serratia marcescens isolate to biosurfactant production from spilled
weathered diesel oil has been studied in batch culture. Several cultura and environmental
conditions were analyzed to optimized condition for growth and biosurfactant production. Results
showed that the optimized conditions which for growth was, pH 7, incubation period for 72 h,
supplementation of the production medium with (NH,), SO, 0.4 % and weathered diesd oil in a
concentration of 5 % which yielded 8.6 g/l biomass. Optimized condition for biosurfactant
production was, pH 8, incubation period 96 h, (NH4), SO, 0.2 % and weathered diesel oil in a
concentration of 6 % which yielded 10.5 g/l biosurfactant. Temperature 30 °C was optimum for
growth and biosurfactant production. Surface active properties of isolate studied during cultivation
with weathered diesel oil at the concentration 6 % (w/v) at different incubation period. The isolate
has synthesized extra — cellular compounds which increase the E 24 % emulsion index of culture
medium to 58 % and emulsification activity to 0.9. The presence of these substances (crude form)
lower the surface tension of the culture until 43 mN/m. Bacterial cell — surface hydrophobicity
(BAH) as measured by analyzing cell afinity towards aliphatic, aromatic and mixed hydrocarbons
was adso determined. The isolate was found to have a surface hydrophobicity (Hydrocarbon
affinity) in the following order: aliphatic, mixed and monoaromatic hydrocarbons. The present
study concludes possibility of using surface active agents (Biosurfactant) produced by Serratia
marcescens mainly in: petroleum industry in enhanced oil recovery and in variety of
biotechnological applications, including bioremediation of hydrocarbons contaminated sites.
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Introduction Biosurfactants can be divided into 4 groups
Biosurfactants are surface-active based on their overall structures. They are

substances derived from living organisms, glycolipids, phospholipids, lipoproteins or

especialy microorganisms. Biosurfactants are lipopeptides and polymeric (4).

amphiphilic compounds, containing Commercial viability of biosurfactants is

hydrophobic and hydrophilic moieties. The ill limited by their high production costs,
hydrophilic moiety can be carbohydrate, associated with inefficient recovery methods

amino acid, phosphate group or some other and with the use of expensive raw materias.
compounds whereas the hydrophobic moiety These costs can be significantly reduced with
usuadly is a long chan fatty acid (1). the development of cheaper processes and the
Biosurfactants are being investigated as use of low-cost raw materials, which account
replacements for synthetic surfactants because for 10-30% of the overdl cost (5).
they are biodegradable, less sensitive to Biosurfactants can be commercialy produced
extreme environments and can be produced on a levels of up to 100 g/L, as reported for
renewable substrates (2). The potentia rhamnolipids from Pseudomonas sp. This
applications of biosurfactants in industrial production level, combined with the use of
include emulsfication and foaming for food cheap renewable substrates as organic wastes,
processing, wetting and phase dispersion for makes the cost of biosurfactants competitive

cosmetics and textiles, or solubilization for with the cost of synthetic surfactants (6).
agrochemicals. In addition, biosurfactants can Alternative substrates have been suggested for
be use in environmental applications such as biosurfactant production, especially water-
bioremediation and dispersion of ail spills (3). miscible agro-industrial wastes: molasses,
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whey, cassava wastewater and distillery
wastes. However, there are few examples of
the use of hydrophobic wastes as cheap
substrates, for instance, waste frying oils, used
lubricant oils and oily sudge from petroleum
refineries (7).

Diesel oil is an excelent model for
studying hydrocarbon biodegradation, since it
is congtituted of a variety of these molecules,
such as paraffin, olefins, and naphtha and
aromatic compounds. The molecular weight of
the hydrocarbons present in diesel is also
variable, with molecules containing from 9 to
20 carbon atoms. There have been severa
reports on Diesdl spills in the environment,
besides other pollution problems related to the
extensive use of thisfuel (8).

Surfactant have also been used in cost-
effective, contaminant specific treatments to
reduce the concentration of individual or
mixed environmental pollutants. The ahility of
a surfactant to enhance the biodegradation of
dightly soluble organic compounds depends
on the increase in the bio- availability of these
organic compounds. The bio-availability could
be increased either by the addition of the
surfactant during degradation or by applying
the biosurfactant producing organisms to the
contaminated environment (9).

It is reported in the literature that the genus
Pseudomonas and Serratia are capable of
using  different  substrate, such as
hydrocarbons, vegetable oils, olive oils, n-
paraffin's to produce biosurfactants (5).

In the present study, we investigate the
capability of isolate Serratia marcescens to
biodegradation and production of
biosurfactants from spilled weathered diesdl
oil under environmental and cultura
conditions and study surface active properties
of produced biosurfactant.

Material and M ethods
Microorganism

Seven isolates of Serratia marcescens
isolated from soil contaminated  with
hydrocarbons and its derivatives used for
biosurfactant production. The strains obtained
from Biology and Biotechnology Department
of the Baghdad University.
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M edia and cultivation conditions

The isolates were grown in nutrient broth
for 16-18 h 30 °C. This culture was used as a
stock culture inoculums at the 1% (v/v) level.
For screening of isolates to biosurfactant
production, optimum  conditions  for
biosurfactant production and surface active
properties of produced biosurfactant, a minera
sdt medium with the following composition
(g/L) was used (10): K:HPO, (1), KH,PO4 (1),
Mg SO, 7H,O (0.6), Fe SO, 7H,O (0.01),
NaCl (0.05), CaCl, (0.02), yeast extract (0.5)
and 01 mL of trace element solution
containing (g/-L): 2.32 g ZnSO,4 7H,0, 1.78 g
MnSO, 4H,0, 0.56 g H3BOs;, 1.0 g CuSO,
5H,0, 0.39 g N&aM00O, 2H,0, 0.42 g CoCl;
6H,0, 1.0 g EDTA, 0.004 g NiCl, 6H,O and
0.66 g KI. The pH of the medium was adjusted
to 7.0. Carbon and nitrogen sources were
added separately. Cultivations were performed
in 250 mL flasks containing 50 mL medium at
30 °C, and stirred in a rotary shaker incubator
(Basal Switzerland) at 150 rpm.

Medium Optimization

The medium optimization was conducted
in a series of experiments changing one
variable at a time, keeping the other factors
fixed a a specific set of conditions. Five
factors were chosen aiming to obtain higher
productivity of the biosurfactant: pH,
temperature, incubation period, nitrogen
sources and carbon source. The pH used was
(4-9), temperature used were (25-45 °C). For
incubation period Serratia marcescens was
growing at different incubation period (1-7)
days at pH 7 and 30 °C in shaker incubator 150
rom. To evauation the most appropriate
organic and inorganic nitrogen sources to
production of biosurfactant, NH4Cl, NaNOs,
(NH4),S0,, urea, yeast extract and peptone
were employed at a concentration of 0.2 %.
For best concentration of nitrogen source
(NH,4)2SO, different concentration (0.2, 0.4,
0.6, 0.8 and 1) % was employed. All the
experiments above amended with 1 % (w/v) of
weathered diesel oil as source of carbon and
energy. For appropriate concentration of
carbon source for biosurfactant production,
different concentration of weathered diesel oil
1 2, 3, 4,5, 6, 7) % (w/) were used, at
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optimized condition; pH 8, incubated at 30 °C,
and 150 rpm for 96 h.

Preparation of carbon source

Weathered diesel oil was used as the sole
source of carbon and energy. The source of
diesd oil is (Al-Dora refinery-lrag). The
refinery produces three type of minera oil
(mineral oil 40, 60, and 150). Minera oil 60
and 150 are used mainly as diesd oil. The
spilled diesel oil (weathered oil), was taken
from one of the oil replacement station in
Baghdad and used in the present study.
Weathered diesdl oil used as suspension in the
culture medium, and prepared according to the
method described by (11), by mixing
weathered oil with slica (0.5 mm diameter)
until saturation at room temperature. Mixture
dried a room temperature to become fine
powder and added to the medium before
autoclaving. The importance of this procedure
is to increase the surface area for microbial
attack to the substrate.

Biomass measurement

The dry weight technique was used to
quantify microbial growth as bacterial dry
weigh. Biomass obtained after centrifugation
at (10.000 g, 15 min), then the precipitate cells
transferred to weighted container and dried
overnight at 105°C and reweighed.

Recovery of Crude Extract

A crude biosurfactant was extracted from
the cell-free culture supernatant of Serratia
marcescens N3 grown on weathered diesel oil,
using the technique described in (5); briefly, at
the end of the cultivation in weathered diesdl
oil, and after the hydrophobic layer located at
the surface has been removed, the culture
medium was centrifuged at 10. 000 g at 4 °C.
The supernatant was extracted by means of the
organic solvent system chloroform: methanol
(2:1, viv); the extract was concentrated and
dried a room temperature and weighted:
resulting crude extract.

Surface active properties
Surface tension measurement

The surface tenson measurement of cell
free supernatant was determined according to
the method described by (10) in a K6
tensometer  (Krilss GmbH, Hamburg,
Germany), using the du Nouy ring method.
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The vaues reported are the mean of two
measurements. All measurements were made
on cell-free broth obtained by centrifuging the
cultures at 10,000 g for 15 min.

Emulsification index (E24)

E24 of culture samples was determined by
adding 2 mL of a hydrocarbon (kerosene) to
the same amount of culture, mixing with a
vortex for 2 min, and leaving to stand for 24 h.
The E24 index is given as percentage of height
of emulsified layer (mm) divided by the height
of the hydrocarbon phase (mm) and
multiplying to 100 (12).

Emulsification activity

Emulsification activity of the culture
sample was determined according to the
method described by (13).

Bacterial adhesion to hydrocarbon percent
(BATH %)

Bacterial adhesion to hydrocarbon was
carried out, using the method followed by
(11). Bacteria were harvested from growth
cultures by centrifugation (10.00 g, 15 min) at
4 °C. Washed and suspended in 3 ml of
sterilized digtilled water. Then 0.5 ml of
different hydrocarbons were added to cdl
supernatant, and vortexes in the test tube for
2 min. the phases were alowed to separate
during 20 min, and the optica density of the
lower agueous phase was measured at 600 nm.
The percentage of cells bound to hydrocarbons
(% HYD) was caculated according to the
equation: % HYD = (1 — A/A-) x 100 %, were
A- is the absorbance of bacteria suspension
without hydrocarbons added and A is the
absorbance after mixing with hydrocarbons.
All the experiments were done in duplicate.

Results and Discussion

Seven isolates of Serratia marcescens
obtained from (Department of Biology and
Biotechnology / University of Baghdad) were
tested for biodegradation and biosurfactant
production. The results in Table (1) indicated
that the isolate Serratia marcescens N3 was
the best biosurfactant producing among the
other isolates based on the capahbility of
isolates to degrade weathered diesdl oil as the
sole source of carbon and energy, and
biosurfactnt production with emulsification
activity.
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Table (1)
Screening of Serratia marcescens isolate for biomass and biosurfactant production.
. . Emulsification
I solates Biomass (gl) | Blosurfactantconcentration | . iuie (0D, at 540

(g o)
S marcescens N1 13 2.5 0.32
S marcescens N2 3 4.5 0.38
S marcescens N3 3.66 55 0.55
S marcescens N4 2.33 1.6 0.48
S marcescens N5 1.80 2.5 0.40
S marcescens N6 1.66 2 0.48
S marcescens N7 2.7 3 0.36

The isolate S. marcescens N3 was selected
for the present study according to their higher
growth and biosurfactant production.

Effect of cultural and environmental
conditions on growth and biosurfactant
production:

The effects of pH, temperature, incubation
period, weathered diesel oil concentration and
nitrogen source on biomass yield and
biosurfactant production were investigated.
The results in Fg.(l) showed that the
maximum biomass yield obtained at pH 7,
while biosurfactant production increased with
increase in pH. At pH 8 maximum surfactant
production was obtained and lowering the
surface tenson vaue of the culture to
minimum value. Any change in pH to lower or
higher level caused drop in the biosurfactant
production. At the optimum level of pH 8, the
maximum  biomass and  biosurfactant
production obtained with lowering of surface
tension of the culture to minimum value at
temperature 30 °C Fig.(2). Any increase of
temperature resulted decrease in the growth
and biosurfactant production and increase
surface tension value. This result indicates that
the isolate favored the mesophilic condition.

Growth and hiosurfactant production
increased with incubation period and reached
maximum a 72 h, for biomass production,
while  maximum biosurfactant production
obtained at 96 h of incubation which causes to
lowering surface tension of the culture to
minimum vaue, beyond which biomass and
biosurfactant production were decreased and
surface tension value were increased Fig.(3).
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Fig. (1): Effect of pH on growth rate and
biosurfactant production of Serratia
marcescens N3 at 30 °C in shaker incubator
at 150 rpm for 72 h.
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Fig.(2): Effect of temperature on growth
rate and biosurfactant production of Serratia
marcescens N3 at 30 °C, pH 8 in shaker
incubator at 150 rpm for 72 h.
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Nitrogen limitation has been shown to play
an important role in surfactant production. The
nature of nitrogen source aso affects
biosurfactant production (9). In present study
among different organic and inorganic
nitrogen sources tested, the microorganisms
were found to prefer ammonium sulfate
(NH4)2 SO4 as source of nitrogen, resulted
higher growth rate and biosurfactant
production Fig.(4). For the best concentration
of nitrogen source, the results in Fig.(5)
cleared that maximum growth rate achieved
using (NH4)2SO, at concentration of 0.4%,
while maximum biosurfactant production
obtained at concentration 0.2% of (NH4)2SO4.
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Fig. (3): Effect of incubation period on
growth rate and biosurfactant production of
Serratia marcescensN3 at 30 °C, pH 8in
shaker incubator at 150 rpm for 7 days.
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Fig.(4): Effect of nitrogen source on growth
rate and biosurfactant production of Serratia
marcescens N3 at 30 °C, pH 8 in shaker
incubator at 150 rpm for 4 days.
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Fig.(5): Effect of nitrogen source
concentration on growth rate and
biosurfactant production of Serratia
marcescens N3 at 30 °C, pH 8 in shaker
incubator at 150 rpm for 4 days.

The results observed in the present study
agreement with that obtained by (9), where
nitrogen source (NH,4),SO, at concentration of
0.5g/l produced higher glycolipid biosurfactant
production by isolate Serratia marcescens
among different nitrogen sources used. They
aso found that at higher (NH4),SO, level, the
growth increased while surfactant production
did not show significant changes. Also (14)
mentioned that higher growth and
biosurfactant production in continuous culture
by Pseudomonas aeruginosa achieved using
(NH4)2S0O4 as nitrogen source. They aso
mentioned that the addition of (NH4)2SOs
accelerated the biodegradation rate of
petroleum hydrocarbons.

When applying the optimum level of pH,
temperature, incubation period (96h) and
nitrogen source (NH;)2SO, (0.2 %) maximum
yield of biomass (8.6 g/l) was obtained at a
substrate (weathered diesel oil) concentration
of 5% (w/v), while substrate a 6% (w/v)
yielded maximum surfactant  production
10.5 g/l Fig.(6). The surfactant production
increased  with increase in  substrate
concentration. The results obtained indicated
that the surfactant production is a linear
function of growth and  substrate
concentration.

Types of carbon sources play a mgjor role
in biosurfactant production. Different carbon
sources such as molasses, corn steep liquor,
way wastes, n-alkanes. Agricultural and food



industry wastes rice, starch waste liquors,
whey, and domestic waste (9 and 10).
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Fig.(6): Effect of Weathered ail
concentration on growth rate and
biosurfactant production of Serratia
marcescens N3 at 30 °C, pH 8 in shaker
incubator at 150 rpm for 4 days.

Municipal dudge waste has also been
proposed to be utilized for biosurfactant
production. The type of carbon source used
has been shown to play a key role in the type
of biosurfactant produced. When n- akane
was used as a carbon source, a raminolipid
was produced by Pseudomonas sp. (Kosaric,
1984). In a similar investigation to the results
observed in the present study the strain
Pseudomonas aeruginosa LBI was capable to
producing the raminolipid biosurfactant using
diesdl oil, crude ail, oily dudge, kerosene and
glycerol (7). Also in the study (9) they
mentioned the capability of the isolate Serratia
marcescens DT to produce glycolipid
biosurfactant containing arabinose sugar, in
which  maximum biosurfactant (20 g/l)
produced at the optimum condition (pH 8,
temperature 30 °C, incubation period 8 days
and glycerol concentration 5% v/v).

The optimum conditions, which were
obtained for biomass production
(biodegradation rate) was, pH 7, temperature
30 °C, incubation period 72 h, nitrogen source
(NH4)2SO,4 (0.4%) and wesathered diesel oil
concentration (5% w/v). While pH 8,
temperature 30 °C, incubation period 96 h,
(NH4)2SO,4 (0.2%) and weathered diesdl oil
concentration (6% w/v) for biosurfactant
production.
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The results showed that the optimum
condition for biomass production did not yield
highest biosurfactant production. Similarly,
optimize conditions required for higher
biosurfactant production did not yield highest
biomass. The results in present study agree
with that found by (9), which mentioned that
the optimized condition for biodegradation of
glycerol by Serratia marcescenes differ from
optimized condition for glycolipid production.

Surface active properties of produced
bioemusifier:

In this part of the work, we describe the
use of weathered diesel oil by Serratia
marcescens as sole carbon and energy source
for producing surface active agents. This
production was detected by: emulsion index
(E24%), emuldfication activity, surface
tenson lowering and cel hydrophobicity
percent when the microorganisms was
cultivated in mineral sat medium amended
with weathered diesel oil at concentration of
6% (W/v).

Fig.(7) shows the emulsion index and
emulsification activity of the culture medium
compared to the bacterial growth measured
through dry weight of the culture medium. The
E24% increase from 8% after 3 days of
incubation to 46% at the end of the active
growth phase and emulsification activity from
0.2 to 0.6. It means that the bacterid
exponential growth phase is related by the
production of an emulsifying substance, which
indicates that the microorganisms assimilated
the weathered diesel oil. The process can have
acted according to two ways (5): either making
cellular surface more hydrophobic or the
biosurfactant enhanced the  agueous
solubilization and dispersion of the weathered
diesel oil. During the dationary phase, the
E24% increases from 46% to 58% and
emulsification activity from 0.6 to 0.9. The
results obtained in present study was in
agreement with that found by (5), in which
E24% increases from 4% after 3 day to 54%
and reached 63% at the stationary phase, when
they studied the capability of Rhodococcus
strain to utilize sun flower frying oil a the
concentration of 3% (v/v) to produce
bioemulsifier.
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The results in the Fig.(7) aso cleared the
surface tenson of the bacteria culture
compared with the dry weight of the bacterial
growth. The surface tenson of the culture
medium decreases from 60 to 48 mN/m during
the exponential growth, and reaches the value
43 mN/m at the stationary phase, this indicated
to the presence of a surface active substances
in the culture medium. From the results
mentioned we can conclude that the increase
of E24% and lowering the surface tension of
the culture medium during exponentia and
stationary phase indicated that the produced
biosurfactant is of extra-cellular nature (15).

More water — soluble hydrocarbons, (2)
direct contact of cells with large hydrocarbon
drops — in this mechanisms microbia cells
attach to the surface of hydrocarbon drops that
are much larger than cells; the availability of
substrate surface area for cell attachment is a
limiting factor.
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Fig.(7): The effect of surface active agentson
growth rate of Serratia marcescensin
weathered diesdl oil at the concentration 6%
at 30 °C, pH 8in shaker incubator at 150
rpm for 7 days.

The changes in bacterid cdl surface
hydrophobicity (BAH) as measured by
analyzing cedl affinity towards aliphatic,
aromatic and mixed hydrocarbons are showed
in Table (2). The differences in the affinities of
Serratia marcescens for hydrocarbons were
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demonstrated. The dtrain showed higher
dfinity towards aliphatic and alicyclic
hydrocarbons (hexane, heptane, dodecane and
cyclohexane) ranged from 81% to 68%. Then
the values of cel affinity decreased dightly
with mixed hydrocarbons (kerosene and diesdl
0il-40) ranged from 65% to 75%. Lower
afinity absorbed towards aromatic
hydrocarbons (benzene, toluene and xylene)
and ranged from 63% to 50%. The increase of
cell hydrophobicity contributes to the increase
of the cdl interaction with hydrocarbons, and
ultimately increases of biodegradation rate.
Biosurfactant modulate the hydrophobicity of
the cell surface, which appears to be an
important factor for cell adheson (16). In
similar study found by (12), they mentioned
three models of hydrocarbon transport to
microbial cdls and are generdly: (1)
interaction of cells with for microbial growth;
biosurfactant  /bioemulsifier produced by
hydrocarbon utilizing bacteria cause the
dispersion of hydrocarbon droplets in the
aqueous medium and thereby increase the
surface area; addition of biosurfactant to the
hydrocarbon medium simulate growth of
microorganisms, and (3) microbia cdls
interact with particles of solubilized, micro-
emulsified hydrocarbons.

Our absorbed results in the present study
was agreement with the results obtained in the
study of (12), which mentioned that the strain
Alcaligenes picchaudii have a surface
hydrophobicity in the following order: higher
affinity towards aliphatic hydrocarbons ranged
from 87% to 67%, mono aromatic and poly
aromatic hydrocarbons ranged (68 to 54%) and
(46 to 15%) respectively.

We can conclude from the results obtained
in the present study that the isolate Serratia
marcescens N3 is able to grow in the presence
of diesdl oil and can be used to reduce wastes
generated by using diesd oil in different
applications. Also to convert weathered oil (a
cheap renewable material) in to higher value
products biosurfactant. So that crude
preparation of produced biosurfactant could be
applied for: enhanced oil recovery, cleaning
oil dorage tanks, in a variety of
biotechnological applications including
bioremediation of hydrocarbons contaminated
Sites.



Table (2)
Hydrophobicity (%) of Serratia marcescens
N3 towards different hydrocarbons.

% cell transferred to

Hydrocarbons hydrocarbon phase
mean value
Hexane 81
Heptane 82
Dodecane 68
Cyclohexane 77
Benzene 63
Toluene 58
Xylene 50
Kerosene 65
Diesd 0il-40 75
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