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ABSTRACT

The production and some properties of a biosurfactant, synthesized by Serratia marcescens NSK-1
strain, using glycerol as substrate were investigated. The organism was able to grow and produce
surfactant which reduced the surface tension of distilled water to 38.0 dynes/cm and gave a surfactant
concentration of 2.2 gl-1 after 48 hr. The surface-active compound retained its properties during
exposure to elevated temperatures (up to 1000C), relatively high salinity (12% NaCl) and a wide range
of pH values. The surfactant was capable of forming stable emulsions with various vegetable and
hydrocarbon oils. Preliminary chemical characterization of the biosurfactant by the use of thin layer
chromatography and infrared spectroscopy revealed that the compound is lipopeptide in nature and with
a CMC value of 29 mgl-1.  The results of this study suggest the potentiality of the tropical Serratia
marcescens NSK-1 isolate as a biosurfactant producer with interesting and useful properties for many
environmental and industrial applications.  
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Introduction

Microbial compounds that exhibit pronounced surface and emulsifying activities are classified as
biosurfactants. Microbial biosurfactants are a structurally diverse group of amphipathic surface-active
molecules with both hydrophilic and hydrophobic moieties that partition preferentially at the interface
between fluid phases that have different degrees of polarity and hydrogen bonding (Desai and Banat,
1997; Mulligan, 2005). Most microbial surfactants are complex molecules, comprising of different
structures that include lipopeptides, glycolipids, polysaccharide-protein complexes, fatty acids and
phospholipids (Neto, et al., 2008).

In the past few decades, biosurfactants have gained attention because they exhibit some advantages
over chemically synthesized surfactants. Such advantages include biodegradability, low toxicity, ecological
acceptability and ability to be produced from renewable and cheaper substrates Mohan et al, 2006 and
effectiveness at extreme temperature and pH values (Cameotra and Makkar, 1998). The range of
industrial applications of biosurfactants include enhanced oil recovery, crude oil drilling, lubricants,
bioremediation of pollutants, health care and food processing (Hickey, et al, 2007; Ghojavand, et al,
2008). The antibacterial, antifungal and antiviral activities of biosurfactants make them relevant molecules
for applications in combating many diseases and as therapeutic agents (Rodrigues, et al, 2006). 

One of the most surface-active biosurfactants, in terms of critical micelle concentration (CMC) and
minimum surface tension, is the secondary metabolite surfactin, (Davis, et al, 1998) a lipopeptide
biosurfactant produced by Bacillus subtilis strain ATCC 21332. Lipopeptides represent a class of
microbial surfactants, which has attained increasing scientific, therapeutic and biotechnological interest
(Cameotra and Makkar 2004). 
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In addition to surfactin produced by Bacillus subtilis, other lipopeptide biosurfactants include
lichenysin A produced by Bacillus licheniformis BAS-50, (Yakimov, et al, 1995) the surfactant BL-86,
produced by B. licheniformis, (Horowitz, et al, 1990) and ornithine-containing lipids from Pseudomonas
rubescens (Yamane, et al, 1987). 

All the surface-active lipopeptides consist of several amino acids covalently bound with the carboxy
and hydroxy groups of β-hydroxy fatty acids. They vary in amino acid composition, position of the
lactone ring and lipid portion.  

In this study, we report the production and initial characterisation of a lipopeptide biosurfactant
from a tropical strain of Serratia marcescens NSK-1 isolated from petroleum-contaminated soil. 

Materials and methods

Microorganism and Culture Conditions:

The microorganism used in this study, a strain of Serratia marcescens NSK-1 was isolated in our
laboratory from petroleum-contaminated soil as described earlier Anyanwu, et al, 2008 and maintained
in nutrient agar slants at a refrigeration temperature of 4oC.

The preculture was grown in 200 ml Erlenmeyer flasks containing 20 ml of nutrient broth. Flasks
were incubated at 300C and 180 rev/min for 8-12 h. After shaking, an aliquot of 2.5 ml of inoculum
was transferred to 250 ml Erlenmeyer flasks, each containing 50 ml of  mineral medium with the
following composition (g/l): K2HPO4, 4.5; KH2PO4, 2.0; (NH4)2SO4, 3.0; MgSO4.7H20, 0.01; FeSO4.7H20,
0.01 and 3% (v/v) of glycerol. The pH of the medium was adjusted to 7.0. All experiments were
carried out in triplicates. Flasks were incubated on a rotary shaker (Gallenkamp) at 180 rev/min and
30oC for three days.  

Culture samples were taken at regular intervals during the incubation period and analysed for viable
cell numbers, pH, surfactant concentration and surface tension. Control experiments were set up in
parallel with inoculated flasks under the same conditions. Viable cell numbers were determined by the
spread plate technique using serially diluted culture samples on nutrient agar (Lab M) and incubated
for 24 - 48 hr at 300C. All chemicals and reagents used were of analytical grade and obtained from
Sigma-Aldrich Chemical Co., Inc. 

Biosurfactant Isolation:

Bacterial cells were removed from surfactant-containing culture broth by centrifugation at 10,000
X g for 15 min at room temperature. The cell-free supernatant was subjected to extraction three times
with equal volumes of chloroform-methanol (1:1, v/v) mixture. The pooled extracts were evaporated to
dryness over a water bath at 45-50oC. The residue was washed with distilled water and re-extracted
after which the solvent was evaporated. Washing with water removes salts and hydrophilic pigments.
The product was collected for further purification by the chromatographic procedures as described
below.

Adsorption Chromatography on Silica Gel:

The residue was dissolved in chloroform-methanol mixture and applied to a silica gel 60 (Aldrich,
Milwaukee, Wis.) chromatography column (2.0cm by 30.0cm) and eluted with chloroform-methanol (5:1)
mixture. The effluent was concentrated by evaporating the solvent.

Thin Layer Chromatography (TLC):

Thin layer chromatography was carried out by spotting the concentrated residue on precoated TLC
plates (Merck, Germany) and developed in different solvent systems, namely,  chloroform-methanol-acetic
acid (85:10:5), n-hexane-ethyl ether-acetic acid (80:20:1), chloroform-methanol-5M ammonia (80:25:4)
(Suzuki, et al, 1974). The silica containing the spot was scraped from the plate and extracted with
chloroform-methanol mixture. The extract obtained in the chloroform-methanol-acetic acid solvent system
demonstrated the highest surface activity. Detection of material was done by spraying the developed
plate, after air-drying, with ninhydrin solution and heated at 100oC for 5 min.
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Infrared Spectroscopy:

Infrared (IR) spectroscopy of the biosurfactant was carried out on a Genesis - 2 SPIR (Markson,
USA) using a light bench equipped with a diffuse reflectance necessary in a dry atmosphere. IR
spectra were collected between 400 and 4000 wave numbers (per cm) with a resolution of two
measures per wave number.

Biochemical Characterization:

Preliminary chemical group screening was performed by thin-layer chromatography using different
solvent systems and detection methods.  

The amino acid composition of the biosurfactant was determined by hydrolysing the biosurfactant
in hydrochloric acid (Kawai and Yano, 1983). A portion of the extract (100 mg) was dissolved in
10 ml of 6M hydrochloric acid and hydrolysed at 1100C for 24 h in a sealed tube in an oil bath.
The hydrolysate was extracted three times with equal volumes of ether. The ether and aqueous phases
of the extracts were separately pooled together and the solvents evaporated. The residue from aqueous
extract was spotted on pre-coated TLC plates (Merck, Germany) together with known amino acids as
standards. Different solvent systems, namely, acetone-butanol-water (40:32:8) and 95% ethanol-water
(10:1) were used to qualitatively detect the amino acids. After the development of the chromatogram,
the plates were air-dried at room temperature, sprayed with ninhydrin solution (0.2% in acetone) and
placed in an oven at 1100C for 5 min. The chromatographic plates were removed from the oven,
allowed to cool and the Rf and colours of the spots on the chromatogram determined and compared.

Carbohydrate content of the biosurfactant was estimated by the Dubois, et al, 1956 method. Protein
content was determined by the method of AOAC 1980 while lipid content was determined by the
Pruthi and Cameotra, 1997 method.

Surface Tension and Critical Micelle Concentration (CMC):

Surface tension of the culture broth and purified biosurfactant was determined by the ring method
using Du-Nouy ring tensiometre (K6, Krüss, Hamburg, Germany) at room temperature (30 ± 20C). The
CMC was determined by plotting surface tension of serially diluted biosurfactant solutions as a function
of surfactant concentration (Gerson and Zajic 1979). The dilution factor (CMC-1) obtained was related
to the biosurfactant concentration by being proportional to the amount of surfactant present.

Assay of Emulsification Activity:

The emulsification activity of the biosurfactant was measured as described by Cooper and
Goldenberg Cooper, and Goldenberg, 1987. Briefly, 3.0 ml of different oil samples was added to 2.0
ml of the biosurfactant solution in a graduated test tube and vortexed at high speed for 2 min.
Distilled water was used as control in the determination. Measurement of the emulsification index (E24)
was made 24 hr later as the height of the emulsion layer, divided by the total height of the mixture
and multiplied by 100.

Stability Studies:

Stability studies were carried out using 0.1% (w/v) biosurfactant solution in 0.1M-phosphate buffer,
pH 7.0. The effect of pH on the biosurfactant activity was performed by introducing the biosurfactant
solution into test tubes and the pH adjusted to various values (2 - 12) with HCl and NaOH,
respectively, at room temperature (Zhang and Miller 1992). 

The heat stability study of the biosurfactant was carried out by incubating the biosurfactant solution
in water bath at different temperatures (30-1000C) for 30 min after which they were cooled to room
temperature. 

The effect of sodium chloride concentration on biosurfactant activity was determined by adding
different concentrations (0 - 20%, w/v) of NaCl to the biosurfactant solution and allowed to stand for
30 min. The surface tension and emulsification index of each treatment were, respectively, determined
at the end of each period. All determinations were carried out in triplicates.
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Acute Toxicity Test:

Acute toxicity test on mice was carried out following World Health Organization guidelines as
adapted by Ashtaputre and Shah (1995). Ten mice (22 – 27 g each), five of each sex, were given
5.0g biosurfactant in water/kg body weight per os. Control mice were given only water in a similar
manner. All the mice were weighed immediately before the administration of the biosurfactant solution
and periodically after 4, 12, 20 and 30 days, respectively. The mice were observed for any toxic
symptoms during the experimental period. At the end of the treatment period, the mice were sacrificed
and the liver and kidney indices determined. The indices were determined as the ratio of weight of
the liver or kidney to the weight of the animal.

Soil Column Study:

The soil column study was performed by the (Pruthi and Cameotra, 1997) method. Glass columns
(40.0 x 2.0 cm), packed with 80.0g of sandy loam soil, were saturated with 25 ml of engine oil and
22 ml of kerosene, respectively. The efficiency of the biosurfactant solution in releasing the oil from
the soil was tested by adding 100 ml aqueous solution of 0.5% of the biosurfactant solution to the
column. Distilled water only was used as control in flushing the soil column. Efficiency of oil
recovery was estimated by measuring the volume of each oil released.

Statistical Analysis:

All values are averages of three readings and have been shown as mean ± SD. For determining
significance of differences among the means, analysis of variance was applied.  

Results:

The Serratia marcescens NSK-1 strain produced surface-active lipopeptide when cultivated in batch
cultures on glycerol-mineral salts medium. The biosurfactant was isolated from the cell-free culture
supernatant of the microorganism. Figure 1 shows the growth kinetics and biosurfactant production by
Serratia marcescens NSK-1 on minimal medium containing 3% (v/v) glycerol at different time intervals.
The surface tension, pH values and biosurfactant concentration recorded during the growth of the
organism are also shown in Fig. 1. The results indicated that as cell growth and biosurfactant
production continued, there was reduction in the surface tension and pH of the medium. Maximum cell
count of 9.30 x 109 cfu/ml from an initial of 1.26 x 107 cfu/ml and minimum surface tension value
of 38.0 dynes/cm of the culture filtrate were achieved at 48 hr at which maximum biosurfactant
concentration of 2.2 gL-1 was obtained. The pH of the growth medium decreased from an initial value
of 7.0 to 6.1 at the end of the exponential growth phase and then finally to a minimum of 5.9 at
the end of 72 hrs. 

The infrared spectrum of the isolated biosurfactant (Fig. 2) showed strong bands at 3430 cm-1,
indicating the presence of a peptide component resulting from the N-H stretching mode and at 1655
cm-1 resulting from the stretching mode of CO-N bond. The bands at 2960 cm-1 to 2860 cm-1 and
1470 cm-1 resulting from the C-H stretching mode suggest the presence of aliphatic chain. These results
were strong evidence that the biosurfactant contains aliphatic hydrocarbon as well as a peptide-like
moiety.  

The active compound was enriched by the step-by-step liquid-liquid partitioning in chloroform-
methanol mixture and silica gel adsorption chromatography. The extract from the glycerol-grown cells
was identified as a lipopeptide based on its positive chromogenic reactions with ninhydrin-acetone
solution spray reagent after development. The isolated biosurfactant after purification and biochemical
characterization was found to contain about 55.2% lipid, 38.8% protein and 0.43% carbohydrate. The
thin - layer chromatogram of the lipopeptide biosurfactant exhibited an Rf value of 0.70. The
biosurfactant exhibited surface activity at low concentrations, reaching a critical micelle concentration
of 29 mgL-1 and reducing the surface tension of distilled water from 72 dynes/cm to 38 dynes/cm.

The lipopeptide biosurfactant was hydrolysed under acidic conditions for the characterization of the
hydrophilic moiety as described under materials and methods. The following amino acids were obtained
in ethanol-water solvent mixture: alanine, aspartic acid, glutamic acid and isoleucine with Rf values of
0.40, 0.10, 0.19 and 0.87, respectively, by extrapolation with the known standard amino acids
simultaneously spotted.

Table 1 shows the results of using different oil substrates, both hydrocarbon and non-hydrocarbon,
for emulsification by the lipopeptide biosurfactant. The lipopeptide biosurfactant obtained from Serratia
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marcescens NSK - 1 was capable of forming stable emulsions with several oils tested but no stable
emulsions were formed with water. Emulsification activity of the biosurfactant was highest with a
vegetable oil, soybean oil with emulsification index of 98%, and least with kerosene, a hydrocarbon
showing emulsification index of 50% (Table 1). 

Studies on the effect of pH demonstrated that no appreciable change in biosurfactant surface
activity had occurred (Table 2). Little variations from the minimum surface tension value (38.0
dynes/cm) and control emulsification index (90%) were observed. 
However, the variations were not significant (p < 0.05). Similarly, different temperature values (30 –
1000C) had a minor influence on the surface tension and emulsification index of the isolated
biosurfactant (Table 2). The addition of up to 12% (w/v) sodium chloride to the biosurfactant solution
showed no appreciable effect on biosurfactant activity. However, above this value, there was a
significant effect (p < 0.05) on surface tension and emulsifying activity of the biosurfactant (Table 2).

Acute toxicity study of the biosurfactant on mice demonstrated that none of the mice given the
biosurfactant per os died or showed any toxicity syndrome. The apparent increase in body weight of
the test animals was comparable with that of control animals (Table 3a). There was also no significant
difference (p< 0.01) in the liver and kidney indices of the sacrificed experimental and control mice
(Table 3b).

The soil column study, which tested the effectiveness of the biosurfactant in possible microbial
enhanced oil recovery or remediation of contaminated soil, shows that 60% of engine oil and 51%
of kerosene were recovered by the addition of the biosurfactant solution. Only 26% of engine oil and
30% of kerosene were recovered with distilled water. Visual observation of the oil droplets in the
column effluent showed that the oil removed existed as free products.  

Fig. 1: Time course of Biosurfactant Production with Glycerol as Carbon Source.
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Fig. 2: ifrared spectra of lipopeptide biosurfactant produced glycerol.

Table 1: Emulsifying activity of biosurfactant with different oils.
Oil Emulsification index
Soybean oil 98 ± 0.8
Olive oil 95 ± 1.6
Palm oil 88 ± 2.2
Groundnut oil 90 ± 1.4
Engine oil 82 ± 2.2
Kerosene 50 ± 2.4  
Paraffin oil 90 ± 1.6
Crude oil 64 ± 2.4

Table 2: Effects of pH, temperature and sodium chloride on surface activity of  biosurfactant.  
Surface tension (dynes/cm) Emulsification index (%)    
PH

2 42.3 ± 2.8 86.0 ± 2.4
4 41.5 ± 2.0 87.0 ± 3.1
6 39.2 ± 1.4 88.5 ± 2.8
7 38.3 ± 0.8 90.0 ± 1.8
8 37.9 ± 1.2 89.0 ± 2.0
10 37.5 ± 1.6 89.0 ± 2.2
12 37.2 ± 2.0 88.5 ± 2.2  

Temperature (oC)
30 38.0 ± 0.7 90.0 ± 1.8
40 38.6 ± 0.7 90.0 ± 1.6
60 39.2 ± 0.5 88.5 ± 2.0
80 41.2 ± 0.6 86.0 ± 2.5
100 42.3 ± 0.7 85.5 ± 2.2

NaCl (%, w/v)
0 38.6 ± 0.4 90.0 ± 1.2
4 38.8 ± 0.5 89.5 ± 1.6
8 39.6 ± 0.4 88.5 ± 1.4
12 40.8 ± 0.4 86.0 ± 1.8
16 42.8 ± 0.5 83.5 ± 2.0
20 43.2 ± 0.6 80.3 ± 1.5
Values are means ± SD
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Table 3 a: Effect of oral administration of biosurfactant on growth of mice
No of  Days  Body weight (g)

-----------------------------------------------------------------------------------------------
Experimental  Control

0 25.47 ± 1.1 25.28 ± 1.6
4 26.38 ± 1.6 26.05 ± 1.6
12 27.19 ± 1.8 26.70 ± 1.5
20 28.16 ± 1.9 27.68 ± 1.8
30 29.35 ± 1.8 28.75 ± 1.8
Values are means of body weight ± SD for 10 mice.

Table 3 b: Organ indexes of sacrificed mice fed with biosurfactant.
Organ Index

-----------------------------------------------------------------------------------------------
Experimental Control

Liver 0.049 0.049
Kidney 0.007 0.007
Values are means of organ indexes.

Discussion:

The Serratia marcescens NSK-1 strain isolated and used in this study produced extracellular water-
soluble lipopeptide biosurfactant when grown in batch culture with glycerol as the sole carbon and
energy source. The production of biomass and biosurfactant during growth of Serratia marcescens NSK-
1 in the glycerol medium was accompanied by decrease in surface tension of the fermentation broth
(Figure 1). The decrease in surface tension indicates production of surface-active compounds by the
bacterial strain. The results of the present study indicate that the biosurfactant production is growth-
associated because a parallel relationship existed between growth and biosurfactant production as shown
by surface tension reduction and biosurfactant yield.     

The production of surface-active agents has been shown to be either growth-associated Zhang and
Miller, 1992 or not growth-associated (Nitschke and Pastore, 2006). It is, therefore, reasonable to
assume that the kinetics of biosurfactant production exhibit many variations among various systems and
microorganisms.      

The majority of known biosurfactants are synthesized from water-immiscible hydrocarbons (Nitschke,
and Pastore, 2006). Very often, the growth of microorganisms on hydrocarbons is accompanied by the
emulsification of insoluble carbon sources in the culture medium and, in most cases, this has been
attributed to the production of emulsifying agents in the presence of these substrates. Meanwhile, the
Serratia marcescens NSK-1 produced biosurfactant from water-soluble substrate, glycerol. This property
is of essence, both physiologically and industrially. It has been shown by Makkar and Cameotra, 1997)
that water-soluble substrates are cheaper than hydrocarbons and are preferred because single-phase
fermentation is simpler than biphasic fermentation. These results may conclude that, generally,
bioemulsifiers are not necessarily produced by microorganisms to facilitate the uptake of an insoluble
substrate.  

The surface tension of the biosurfactant was maintained, without much variation, at pH values 2
to 12 at room temperature, indicating that variation in pH has no appreciable effect on surface tension.
Thus, the biosurfactant is pH stable. The Serratia marcescens NSK-1 biosurfactant was relatively heat-
stable. Even at 1000C, it retained over 80% of its activity. The biosurfactant showed tolerance of up
to 12% sodium chloride. These findings suggest that the product obtained has potential application over
a wide range of temperature and pH values and relatively high salt environment. As such it could
be very useful in situations where extreme conditions of temperature, pH and salinity are present such
as enhanced oil recovery and bioremediation of soil and marine environments. Some biosurfactants have
been found to be less stable over extreme pH range (Zhang and Miller, 1992; Cirigliano and Carma,
1984).

The ability of the Serratia marcescens NSK-1 biosurfactant to emulsify and stabilize the emulsions
of a number of vegetable and hydrocarbon oils is of great advantage. The emulsions formed between
water and these oils in the absence of the biosurfactant rapidly separated in less than 10 min.
However, the addition of the isolated biosurfactant to the emulsions stabilized them for over a 24 hr
period. The ability of biosurfactants to emulsify hydrocarbon-water mixtures has been demonstrated to
increase hydrocarbon degradation significantly and is thus potentially useful in oil spill management and
enhanced oil recovery (Neto, et al, 2008). The ability of biosurfactants to form stable emulsions with
vegetable oils and fats suggests potential application as cleaning and emulsifying agent in the food
industry (Nitschke and Pastore, 2006). The ability of the isolated biosurfactant to form stable emulsions
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with different hydrocarbon and vegetable oils suggests considerable potential applications in the
petroleum, food and pharmaceutical industries.

The lipopeptide biosurfactant was non-toxic to mice at the 5.0g/kg body weight dose tested, which
was the highest dose recommended by the Food and Agricultural Organization/World Health
Organization for a food additive. This is indicative of its non-toxic nature even when used as food
additive or accidentally consumed. Moreover, for a surfactant to be used as a food additive the
concentration required would be significantly less than the dose tested. The low toxicity of
biosurfactants has been recommended as a veritable advantage over synthetic surfactants (Desai and
Banat, 1997).

The isolated biosurfactant, which removed 60% and 51% of engine oil and kerosene, respectively,
shows the potential of Serratia marcescens NSK-1 biosurfactant in remediating petroleum contaminated
soil under in situ conditions. No soil clogging was observed when the biosurfactant was used indicating
that its effectiveness can not be limited in in situ applications. The removal efficiency obtained in the
present study compares favourably with that reported by Scheibenbogen et al., (1994) which ranged
between 23% and 59%. However, Pruthi and Cameotra (1997) reported the recovery of 85% - 90%
of the oil from a sand pack column when biosurfactant solution from Arthrobacter protophormie was
used. The Serratia marcescens NSK-1 biosurfactant, therefore, has potential application in microbial
enhanced oil recovery and bioremediation.

Conclusion:

The results obtained in the present study showed that the  Serratia marcescens NSK-1 isolate was
capable of producing effective biosurfactant. The study also led us to suggest that the Serratia
marcescens NSK-1 may have significant applications in the environmental, crude oil recovery, food and
pharmaceutical industries. 
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