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ABSTRACT

Aims: Biosurfactants are surface-active agents of microbial origin that have a property of
lowering the surface tension between two liquids. This study aimed to the production of
biosurfactant by Serratia marcescens UCP 1549 in medium containing agro-industrial
wastes for making possible its industrial application in the near future and to propose its
environmental applications.
Place and Duration of Study: Center of Science and Technology  from State University
of Paraíba - UEPB, Campina Grande – PB, Brazil and Nucleus of Research in
Environmental Sciences and Biotechnology (NPCIAMB), Catholic University of
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Pernambuco - UNICAP, Recife-PE, Brazil between June 2011 and July 2012.
Methodology: According to the proposed factorial design, the culture medium was
developed and used for the production of biosurfactant and incubated at 28ºC, 155 rpm
during 48 h. The produced biosurfactant was evaluated by emulsifying index, emulsifying
activity and surface tension using hydrophobic substrates as vegetable oils after frying, n-
hexadecane and diesel.
Results: The best results for emulsification index were found between 79.92 and 100% of
emulsification and for activity were values between 2.304 and 5.000 EA (emulsification
activity) using vegetable oil after frying as substrate. In relation of the surface tension, the
best value obtained was 33.10mN/m in the condition of the central point of the
experimental design.
Conclusion: The results show that Serratia marcescens UCP 1549 was capable of
producing a biosurfactant with emulsifying property from industrial wastes in the studied
conditions in this work.

Keywords: Serratia marcescens; biosurfactant; surface tension; emulsification; industrial
wastes.

1. INTRODUCTION

In the industrialized world, the contamination by organic compounds became one of major
problems to be faced. In the 21th century, a wide of diversity of toxic and hazardous
substances has been introduced into the environment, in particular, those resulting from
discharges of industrial effluents and from accidents involving oil spills and its derivatives. [1]
affirm that the increase of problems linked to environmental pollution caused, in recent
years, increased awareness about the importance of restricting indiscriminate releases of
pollutants and the need to remedy these impacted locations.

The Brazilian industrial systems cover a wide diversity agricultural or farming activity
because the country is considered a major supplier of food to the world. However, liquid
wastes generated by the food industry have great physical and chemical complexity, which
complicates their treatment and may cause risks to the environment where they are
discarded [2]. According to [3], industrial wastes have aroused great interest when used as
alternative substrates for the supply of raw material of low cost in the production of
biosurfactants, as it lessens the environmental impact as well as business costs with
treatment of this wastes, thus eliminating two problems with a single product.

The use of renewable substrates for biotechnological processes is touted as an alternative to
economic viability, because the raw material is considered a significant part of production
costs. It's estimated that the amount of raw material in biotechnological processes represent
10 to 30% of the production costs [4,5,6].

The potential application of biosurfactants is based on the properties of emulsification,
wetting, solubilizing, separation, corrosion inhibition, reduction liquids viscosity, among
others. Its use has been increasingly accepted in the market due to their wide applicability in
various areas (food pharmaceutical, ceramic, paper and metal industries, wastewater
treatment, among others). The most promising application is the cleaning of ships and oil
tanks in bioremediation of oil spills and oil [7].



British Biotechnology Journal, 4(6): 708-719, 2014

710

Therefore, this study was aimed to produce a biocompound based in industrial wastes
through the use of microorganisms for the treatment of oily and petroleum derivatives
substances to reduce the environmental impacts caused by them.

2. MATERIALS AND METHODS

2.1 Materials

2.1.1 Microorganism and culture conditions

Serratia marcescens UCP 1549 was isolated from soil contaminated with petroleum from
banana cultivation area of Recife-Pernambuco, Brazil. The strain was deposited in the
Culture Collection of the Nucleus of Research in Environmental Sciences and Biotechnology
(NPCIAMB), Catholic University of Pernambuco, and registered in World Federation Culture
for Collection (WFCC). The strain is maintained in Nutrient Agar at 5ºC. The growth was
carried out in Luria–Bertani solid medium [10g/L tryptone, 5g/L yeast extract, 10g/L NaCl,
and 15g/L agar, supplemented with 5g/L of glucose] for 24 h at temperature of 28ºC. Cells
were transferred to Luria–Bertani broth for 24h at 300 rpm at 28oC to obtain the pre-
inoculum.

2.1.2 Substrates

The substrates used for the biosurfactant production were liquid waste of cassava from of
the processing plant of municipality of Carnaíba-PE, vegetable soya oil after frying and
paraffin.

2.1.3 Production of biosurfactant

The production of the biosurfactant was carried out in Erlenmeyer flasks of 250mL
containing 100mL of the medium composed by liquid waste of cassava, vegetable oil after
frying and paraffin in according to the concentrations established by factorial design, with pH
7, 0. All flasks were inoculated with 5% of the pre-inoculum and incubated in orbital shaking
during 48h, 150rpm, 28ºC. After the fermentation, the cells were separated of the metabolic
liquid by centrifugation (10000g, 15 min at 10ºC), with subsequent filtration in Millipore 0.45
µm for complete separation of the biomass. The cell-free metabolic liquid was used for the
following determinations: surface tension, activity and emulsification index.

2.1.4 Factorial design

Factorial design of 23 was conducted to evaluate the influence of the concentrations of
independent variables liquid waste of cassava, vegetable oil after frying and paraffin on the
response variable surface tension according with Table 1. The analysis was carried by the
software STATISTIC version 6.0 of Stat Soft ®. The maximum and minimum values used in
Table 1 of the matrix for the factorial design were based on Araujo 2009 [8].
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Table 1. Design matrix of experiment

Parameters Lower Level Central Point Higher Level
-1 0 +1

Liquid waste of cassava (%) 5 6 7
Paraffin (%) 2 4 6
Vegetable soya oil after frying (%) 3 5 7

2.2 Methods

2.2.1 Determination of surface tension (TS) and Critical Micelle Concentration CMC

The determination of surface tension was carried out in the cell-free broth obtained by the
centrifugation of the cultures at 5000 g for 20 min at room temperature, using a Sigma 700
digital surface tensiometer (KSV Instruments LTD – Finland) and working on the principle of
the Du Nuoy ring method [9]. The CMC was determined by measuring the surface tension of
dilutions of the isolated biosurfactant in distilled water up to a constant surface tension value.
Stabilization was allowed to occur until the standard deviation of 10 successive
measurements. The CMC value was obtained by plotting the surface tension against the
surfactant concentration and was determined as g/L of biosurfactant.

2.2.2 Determination of Emulsification Activity (EA) and emulsification index (E24)

Determination of emulsification activity (EA) was also tested under all conditions of the
factorial design for each condition using the same above-mentioned substrate and was
performed according to the methodology proposed by [10], stirring solution of 2.0mL of liquid
metabolic, 2.0 mL and 2.0 mL of buffer solution, mixed by vortexing for 2 min and making the
reading of the optical density in a spectrophotometer at 540nm.

The determination of E24 was performed in all conditions of the factorial design using
different substrates for each condition as diesel oil, vegetable oil after frying and n-
hexadecane. It was determined by adding 2.0mL of substrates in 2.0mL of the supernatant,
mixed by vortexing for 2 minutes and allowed to stand for 24h. The index was calculated as
a percentage of the height of the emulsified layer (cm) divided by total height of the column
of liquid (cm) [11].

2.2.3 Isolation of biosurfactant

The isolation of the biosurfactant was performed on cell-free supernatant through
precipitation, lowering pH of the free-cell liquid metabolic to pH equal two using solution of
HCl (5N), and left resting overnight, the following day, the mix was centrifuged and the
supernatant was discarded and the precipited was taken to the stove at 37ºC for 24 hours
[12].

2.2.4 Biosurfactant composition

The proteins were quantified by Labtest kit (Brazil) using albumin as standard,
carbohydrates by phenol-sulfuric acid method using glucose as standard and lipid were
quantified after extraction using chloroform and methanol following methodology [13].
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3. RESULTS AND DISCUSSION

3.1 Production of Biosurfactant by Serratia marcescens

Researchs in the area of biosurfactants have been expanded as result of the
biotechnological potential of microorganisms, enabling the development of more economical
processes [10,14]. In this context, the Table 2 shows the factorial design to evaluate the
concentration of liquid waste of cassava, vegetable oil after frying and paraffin for maximum
production of the biosurfactant by Serratia marcescens in economic medium. The detection
of production biosurfactant was evalued by variable response to surface tension (mN/m) and
emulsification index (E24). The best result was observed with a focus on reducing the surface
tension of water from 70 to values around 33 mN/m in condition of the central point of design
in medium containing liquid waste of cassava (6%), paraffin (4%) and vegetable oil after
frying (5%). According to [15], the effectiveness of the surfactant is measured by minimum
value of surface tension to values below 30mN/m. Similar studies for production of
biosurfactant using corn steep liquor as culture medium decreased to surface tension
33.35mN/m [8].

The emulsification index (E24) using vegetable oil after frying, n- hexadecane and diesel as
substrates, showed highly significant values in all conditions of planning with the exception
of condition 8 using diesel. The best emulsification index (100%) was found in the central
points of planning using as the substrate soy oil after- frying (Table 2).

Table 2. Production of biosurfactant by Serratia marcescens UCP/WFFC 1549 using
the factorial design 2³

Conditions Variables Results
Liquid
waste of
cassava

Paraffin Vegetable
Oil After

frying

Surface
Tension
(mN/m)

% IE24
(vegetable
oil after
frying)

% IE24
(n -hexadecane)

% IE24
(diesel)

1 -1 -1 -1 34.10 95.83 37.50 23.33
2 1 -1 -1 36.10 79.92 54.16 50.00
3 -1 1 -1 43.00 96.76 54.16 50.00
4 1 1 -1 37.20 87.50 33.33 46.67
5 -1 -1 1 36.50 79.92 45.83 20.00
6 1 -1 1 35.50 87.50 50.00 30.00
7 -1 1 1 35.80 95.83 45.83 46.67
8 1 1 1 36.00 97.68 54.16 13.33
9 0 0 0 33.50 100.00 20.83 43.33
10 0 0 0 33.40 100.00 41.66 46.67
11 0 0 0 33.20 100.00 40.24 45.65
12 0 0 0 33.10 100.00 38.33 45.65

In accordance with the Pareto diagram (Fig. 1), the interactions between paraffin and
vegetable oil after frying and the liquid waste of cassava and paraffin were statistically
significant and have contributed positively with the reducing of the surface tension, as well
as the effect of  vegetable soya oil after frying. However, the independent variables paraffin
and liquid waste of cassava and interaction vegetable oil after frying were statistically
representative and contributed negatively to the reduction of surface tension at the
concentrations established by factorial design of 23 on surface response with a confidence
level of 95%.
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Fig. 1. Pareto diagram to evaluate the effect of different concentrations of liquid waste of
cassava, vegetable oil after frying and paraffin about variable response surface tension

The response variable emulsification index (E24) was also statistically analyzed by Pareto
diagram. The effects of the independent variables (liquid waste of cassava, paraffin and
vegetable oil after frying and their interactions using the substrates to emulsification:
vegetable oil after frying (Fig. 2) and n-hexadecane (Fig. 3). The statistical analysis shows
that all variables tested, as well as their interactions were not significant. However, when
used diesel substrate (Fig. 4), the interactions between liquid waste of cassava/paraffin,
liquid waste of cassava / vegetable oil after frying, and the  concentration of vegetable oil
after frying were significant but negative values for the property of the biosurfactant
emulsion. Nevertheless, the concentration of paraffin was statistically representative and
influenced positively in the production of emulsification index, the interactions liquid waste of
cassava / vegetable oil after frying, and the liquid waste of cassava concentration were not
statistically representative.

Bioemulsifier are characterized by formation of macro and micro stable emulsions of oil in
water or water in oil. This work confirmed emulsification due to the formation of emulsions
between the two fluid phases with different degrees of polarity, metabolic cell-free liquid
(polar) and hydrocarbon (nonpolar) occurring dispersion of a liquid in another as showed in
Fig. 5 presenting at the central point of the 2³ factorial design (Table 2).

3.2 Emulsification Activity

According to the results shown in Fig. 6, it can be seen that the emulsifying activity ranged
from 2.304 to 5.000 EA, and the larger values have been found when used the substrates
vegetable oil after frying and diesel. [16] demonstrated that the emulsifying capacity of the
biosurfactant produced by Escherichia coli JM 101 was not significant, once that the formed
emulsions showed activities around 0.9 EA. As control of the emulsification activity of test
activities, some commercial chemical surfactants were tested and presented activities values

Pareto Chart of Standardized Effects; Variable: TS
2**(3-0) design; MS Pure Error=,1

DV: TS

-2,79508

-4,36033

6,372794

7,938041
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1by2
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2by3
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below 2.58 EA, therefore, the values of emulsification activity obtained in this study were
quite significant.

Fig. 2. Pareto diagram to evaluate the effect of the variable emulsification index (%) of
the liquid metabolic free of cells using vegetable oil after frying as substrate

Fig. 3. Pareto diagram to evaluate the effect of the variable emulsification index (%) of
the liquid metabolic free of cells using n-hexadecane as substrate

Pareto Chart of Standardized Effects; Variable: N-hexadecano
2** (3-0) design; MS Pure Error=94,47003
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Fig. 4. Pareto diagram to evaluate the effect of the variable emulsification index (%) of
the liquid metabolic free of cells using diesel as substrate

Fig. 5. Emulsion of biosurfactant produced on the central point condition with
vegetable oil after frying

3.3 Critical Micelle Concentration (CMC)

The CMC was obtained from the biosurfactant concentration of 2.5 % (Fig. 7) after surface
tension of 33.80 to 33.10mN/m. The effect of surface tension reduction is directly related to
the concentration of biosurfactant to achieve the values of CMC [5]. The CMC of the
biosurfactant (efficiency measure) varies between 1000 to 2000mg/L [17], obtained the
crude biosurfactant CMC was estimated around 512mg/L and surface tension of
biosurfactant minimum of 30.1mN/m for the lipopeptides produced by Bacillus natto TK - 1.
[18] obtained a CMC of 120 and 140mg/L and surface tensions of 33.3 and 33.0mN/m using
Pseudomonas sp.

Pareto Chart of Standardized Effects; Variable: Diesel
2**(3-0) design; MS Pure Error=2,639292

DV: Diesel

0,

-2,90313

7,25566

-10,1588

-13,0576

-15,9607

p=,05

Standardized Effect Estimate (Absolute Value)

(1)Liquid waste of Cassava

2by3

(2)Paraffin

1by3

(3)Oil vegetable after frying

1by2

-2,90313



British Biotechnology Journal, 4(6): 708-719, 2014

716

Fig. 6. Emulsification activity (EA) of biosurfactant produced by Serratia marcescens
UCP 1549 under the conditions of 2³ factorial design

Fig. 7. Critical Micellar Concentration (CMC) of the biosurfactant produced by Serratia
marcescens UCP 1549 after 48 hours of cultivation medium composed of liquid waste

of cassava (6%), paraffin (4%) and vegetable oil after frying (5%)

3.4 Growth Curve

In this work, the bacterium Serratia marcescens UCP 1549 was cultured in medium
containing 6% liquid waste of cavassa, 5% vegetable oil after frying and 4% of paraffin as
substrates (best condition obtained at the central point). Fig. 8 shows the production of the
biosurfactant during the growth of S. marcescens UCP 1549 in the above-mentioned media
at intervals 4 hours during 72hours. The results indicate that the growth and formation of
biosurfactant, increase with time simultaneously it can be observed the reduction in surface
tension that occurs from the exponential growth phase, obtaining minimum values after 48
hours and the lowest surface tension observed in the stationary phase with a value of 33.10
mN/m corroborating with [8] using corn steep liquor as substrate.
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Fig. 8. Profile of growth and reduction of surface tension during growth of Serratia
marcescens UCP 1549 in medium containing 6% liquid waste of cassava, vegetable oil

after frying 5% and 4% paraffin

Araujo et al. [8] used S. marcesces UCP 1549 and corn steep liquor residue as culture
medium and obtained a reduction of the surface tension of 25.82mN/m. Cunha et al. [19]
obtained an initial reduction of the medium 67.8 to 34.4mN/m after 96 hours of cultivation
using gasoline as a substrate in the production of the biosurfactant with Serratia sp.
SVGG16. The biosurfactant production by Pseudomonas fluorescens using oil as a
substrate, there was a reduction in the surface tension of 70 to 30.04mN/m [20].

The commercial chemical surfactant such as Triton X - (t-octylphenoxypolyethoxyethanol -
sigma) and Span 20 (sorbitan monolaurate, Sigma) were tested by Matsuura [21] at
concentrations of 100 and 500mL /L and had a surface tension 31.1mN/m  and 29.3mN/m
respectively. It has been found that it's possible to reuse waste as substrate for biosurfactant
production by S. marcescens UCP 1549 being one of the first steps to reduce production
costs.

3.5 Isolating and Composition of the Biosurfactant

The step of isolating of the biosurfactant is considered part of higher costs for its production,
to reduce costs in the biosurfactant production process, the isolation of the biopolymer was
carried out by precipitation by lowering the pH to 2 and putting in overnight, for 24 hours,
separating the supernatant from the precipitate and putting it in the oven at 37ºC to dry it and
then characterize it is possible to obtain different types of biosurfactants one species of
microorganism [22,6].

The extraction allowed isolation of the biopolymer, which appeared as a light brown
precipitated soluble in water, preliminary chemical characterization of this biosurfactant was
48% lipid, 11% carbohydrate and 22% protein presenting as problable lipopeptide [12].
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4. CONCLUSION

In recent years, the increase in the number of publications on biosurfactant production by
bacteria shows that this technology won more space and importance. However,
biosurfactant production on an industrial scale is still limited due to the costs involved in its
production process. The optimization of the fermentation process is the key factor to improve
production efficiency and reduce costs. Several studies focused on the influence of carbon
and nitrogen sources, showing that they are important in the production of biosurfactants
parameters, since the type and concentration of the substrate used can increase or
decrease the synthesis of the biosurfactant and even modify it structurally. One strategy that
being widely used to decrease the cost of production is the use of renewable sources of
substrates as carbon source. It has been estimated that the use of these decrease the total
cost of production by 10 to 30%, besides being a possible solution for reuse of industrial
residues. This work demonstrated the potential by Serratia marcencens UCP 1549 in
metabolize industrial wastes (liquid waste of cassava, paraffin and vegetable oil after frying)
as a source of carbon and nitrogen for growth thus generating inputs with high
biotechnological value. The results showed that the produced biocompound was able to
reduce the surface tension and to form emulsions of good quality, especially with the
substrate vegetable oil after frying. For successful scaling-up of production of biosurfactants
by bacteria, able to make them economically competitive with chemical surfactants,
developments are needed about the topics covered in this work, opening new perspectives
for increasing the efficiency of production, making it possible to industrial application of these
compounds in the near future.
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