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Abstract

The production of biosurfactant, a surface-active compound, by two Ser-
ratia marcescensstrains was tested on minimal culture medium supplemented
with vegetable oils, considering that it is well known that these compounds
stimulate biosurfactant production. The vegetable oils tested included soy-
bean, olive, castor, sunflower, and coconut fat. The results showed a decrease
in surface tension of the culture medium without oil from 64.54 to 29.57, with
a critical micelle dilution (CMD–1) and CMD–2 of 41.77 and 68.92 mN/m,
respectively. Sunflower oil gave the best results (29.75 mN/m) with a
CMD–1 and CMD–2 of 36.69 and 51.41 mN/m, respectively. Sunflower oil
contains about 60% of linoleic acid. The addition of linoleic acid decreased
the surface tension from 53.70 to 28.39, with a CMD–1 of 29.72 and CMD–2 of
37.97, suggesting that this fatty acid stimulates the biosurfactant production
by the LB006 strain. In addition, the crude precipitate surfactant reduced the
surface tension of water from 72.00 to 28.70 mN/m. These results suggest
that the sunflower oil’s linoleic acid was responsible for the increase in
biosurfactant production by the LB006 strain.

Index Entries: Biosurfactant, Serratia marcescens; fermentation; surface
tension; vegetable oils.

Introduction

Surfactants are potentially useful in every industry dealing with
multiphase systems. These molecules contain both hydrophilic and lipo-
philic portions (1). The effectiveness of a surfactant is determined by its
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ability to lower the surface tension, forming microemulsions where hydro-
carbons can solubilize in water or where water can solubilize in hydrocar-
bons (2,3). Such characteristics confer excellent detergency, which makes
surfactants some of the most versatile process chemicals (4–6).

Biosurfactants are produced as metabolic byproducts by bacteria,
yeast, and fungi. These include a wide variety of chemical structures such
as glycolipids, lipopeptides, polysaccharide protein complexes, phospho-
lipids, fatty acids, and neutral lipids (7–12). Cooper (13) and Desai and
Banat (6) showed that these lipids can be produced extracellularly or from
the cell wall. Microbial surfactants exhibit high chemical specificity to spe-
cifics substrates, effective physical and chemical properties, and tempera-
ture stability. They are consequently more suited to new applications. Other
advantages of microbial surfactants include biodegradability, reduced tox-
icity, and a broad range of structures capable of specific applications.

Kosaric et al. (14) used a variety of simple, potentially less expensive
substrates for the production of biosurfactant. These substrates include
n-alkanes, carbohydrates, vegetable oils, and wastes. Some organisms can
only produce biosurfactants from hydrocarbons or carbohydrates, whereas
others are able to utilize several substrates, in combination or separately.
However, better yields were obtained from hydrocarbons or carbohydrates
or lipids (15,16). In the case of Torulopsis bombicola, the addition of soybean
oil to a less expensive carbohydrate medium resulted in enhanced yields up
to 35-fold (15).

Biosurfactants are environmental friendly because they are nontoxic,
biodegradable, and possibly can be used for in situ production (17). More-
over, the interest in biosurfactants has been related primarily to enhanced
oil recovery process and formation of stable emulsions. However, potenti-
ality of application of biosurfactants is determined by their cost and prop-
erties in relation to synthetic compounds. Thus, enhancing biosurfactant
yield is very important. The methods used to increase metabolite produc-
tion may consist of strain selection, mutagenesis, manipulation of environ-
mental and nutritional factors, and genetic manipulations.

In the present study, we reported the utilization of commercial veg-
etable oils in combination with peptone/glycerol medium to increase the
production of biosurfactant by two strains of Serratia marcescens. The rela-
tionship among biosurfactant production, surface properties, and biomass
formation was investigated.

Material and Methods

Microorganisms and Medium

The pigmented Serratia sp. strain LB006 was isolated at the Biochem-
istry Laboratory (UNICAMP, Brazil) from beets obtained from a local
market in Campinas, São Paulo, Brazil. The beets were cleaned and slices
were incubated in nutrient broth at 30°C for 24 h, after which 0.1 mL was
spread on nutrient agar medium and incubated at 30°C for 24 h. Then,
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some colonies were isolated. Microorganisms producing biosurfactant
were selected using published methods (18). S. marcescens 0710 strain was
obtained from Tropical Culture Collection, Campinas, São Paulo, Brazil.

Inoculation and Incubation

Cells (109 CFU/mL) were inoculated on minimal culture medium with
the following composition: 0.5% bactopeptone, 1% glycerol, supplemented
with 0.1% different vegetable oils at pH 7.2. Flasks containing 15 mL of
minimal culture medium were incubated at 30°C in a shaker incubator at
150 rpm.

Dry Biomass Estimation

Dry biomass was determined by centrifugating of 15 mL of culture
broth at 10,000 rpm for 15 min. The pellet obtained was dried overnight at
105°C.

Biosurfactant Isolation

Serratia cultures grown on minimal culture medium were centri-
fuged for 15 min at 10,000 rpm to obtain the cell-free supernatant. The
supernatant was treated with 3 vol of chilled acetone. The precipitate
formed was collected by filtration, and dried in an oven at 50°C. This
method was described by Pruthi and Cameotra (19).

Analyses

Biosurfactants were analyzed by measuring the surface tension of the
cell-free supernatant using a Krüss K12 T processor tensiometer. Critical
micelle dilution (CMD), a parameter used as an indirect measure of surfac-
tant concentration, was determined by measuring the surface tension of
serial dilutions of the cell-free broth in distilled water at pH 7.0.

Results and Discussion

The microorganism isolated from beets was identified as S. marcescens
using an API Kit 20 E (BioMérieux) and complementary biochemistry tests.
S. marcescens is an ubiquitous bacterium inhabiting water, soil, plants,
insects, and vertebrates. It is an opportunistic pathogen of humans, and a
real threat in hospitals, as described by Grimont and Grimont (20) and
Matsuyama et al. (21).

Tables 1 and 2 show the influence of vegetable oils in the production
of biosurfactant by the LB006 and 0710 strains on minimal culture medium
containing peptone and glycerol for 72 h. The decrease in surface tension
of the cell-free broth without oil by the LB006 strain was from 64.54 ± 0.04
to 29.57 ± 0.10 mN/m, with CMD –1 and CMD –2 values of 41.77 ± 0.19 and
68.92 ± 0.18 mNm, respectively. Among all the oils used, sunflower oil gave
the best results (29.75 ± 0.07) with a CMD –1 value of 36.69 ± 0.18 mNm and
a CMD –2 value of 51.41 ± 0.03 mN/m. In addition, the crude precipitate
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surfactant showed the ability to reduce the surface tension of water from
72.00 ± 0.01 to 28.70 ± 0.03 mN/m.

The addition of vegetable oils showed low influence on the produc-
tion of biosurfactant by the 0710 strain, and little difference in surface ten-
sion, CMD–1, and CMD –2 was observed (Table 2).

By comparing the CMD –2 values (Tables 1 and 2), it is evident that
LB006 was strongly influenced by the addition of vegetable oils whereas
the 0710 strain demonstrated almost the same values for free oil and oil
added to the minimal medium.

Sunflower oil contains about 60% linoleic acid, so the minimal culture
medium containing peptone and glycerol was supplemented with 0.06%
(representative 60% of 0.1% sunflower oil) linoleic acid; the results were
remarkable. The decrease in surface tension was from 53.70 to 28.32 mN/m
(47%), CMD –1 (47%), and CMD –2 (38%), suggesting that the addition of
linoleic acid stimulated the biosurfactant production by the LB006 strain.
These results are comparable with those reported by Matsuyama et al. (22)
in which three S. marcescens strains, NS38, NS25, and NS45, showed a sur-

Table 1
Surface Tension for LB006 Strain on Minimal Culture Medium Supplemented

with Different Vegetable Oils After 72 h of Incubation at 30°C and 150 rpm

Surface tension Surface
(mN/m) media tension CMD–1 CMD–2

     Oil without inoculum (mN/m) (mN/m) (mN/m)

Oil free 64.54 ± 0.04 29.57 ± 0.10 41.77 ± 0.19 68.92 ± 0.18
Soybean 52.65 ± 0.12 30.76 ± 0.15 43.49 ± 0.19 54.04 ± 0.04
Coconut fat 51.52 ± 0.07 30.33 ± 0.12 41.96 ± 0.20 58.95 ± 0.19
Castor 53.74 ± 0.19 30.43 ± 0.14 42.75 ± 0.18 51.40 ± 0.02
Corn 53.76 ± 0.10 30.73 ± 0.05 43.34 ± 0.20 53.02 ± 0.02
Olive 51.90 ± 0.09 30.98 ± 0.13 40.27 ± 0.17 52.07 ± 0.05
Sunflower 52.70 ± 0.02 29.75 ± 0.07 36.69 ± 0.18 51.41 ± 0.03

Table 2
Surface Tension for 0710 Strain on Minimal Culture Medium Supplemented
with Different Vegetable Oils After 72 h of Incubation at 30°C and 150 rpm

Surface tension Surface
(mN/m) media tension CMD–1 CMD–2

     Oil without inoculum (mN/m) (mN/m) (mN/m)

Oil free 64.54 ± 0.04 30.43 ± 0.10 47.52 ± 0.19 58.41 ± 0.04
Soybean 52.65 ± 0.12 30.62 ± 0.08 42.79 ± 0.20 54.18 ± 0.10
Coconut fat 51.52 ± 0.07 29.72 ± 0.10 42.86 ± 0.18 52.11 ± 0.19
Castor 53.74 ± 0.19 31.98 ± 0.12 45.35 ± 0.20 61.14 ± 0.20
Corn 53.76 ± 0.10 31.69 ± 0.08 42.48 ± 0.10 59.06 ± 0.19
Olive 51.90 ± 0.09 31.59 ± 0.14 47.58 ± 0.19 55.87 ± 0.32
Sunflower 54.70 ± 0.02 30.64 ± 0.05 49.72 ± 0.19 56.98 ± 0.03
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face tension of 32.2 ± 0.10, 33.9 ± 0.20, and 28.8 ± 0.30 mNm, respectively,
when grown on 0.5% peptone, 1% glycerol, and 1.2% agar.

The production of biosurfactant, biomass, surface tension, and CMD –1

and CMD –2 profiles during growth of LB006 on minimal culture medium
with 0.1% sunflower oil is shown in Fig. 1. These results indicated that
biosurfactant and growth-associated biomass production are directly cor-
related. In 12 h of fermentation, the surface tension showed a maximal
decrease, suggesting that a small quantity of crude biosurfactant (0.96 g/L)
is responsible for this reduction. At this point, the critical micelle concen-
tration was reached; that is, no further reduction in surface tension was
obtained although biosurfactant production continued to increase. The
maximal biosurfactant production was achieved after 72 h of fermentation
(2.2 g/L) for the LB006 strain, followed by a reduction in both the surface
tension and the CMD –1 values.

Insufficient information is available on the metabolic pathway involved
in biosurfactant production. This knowledge is essential for biosynthesis
control. Biosynthesis involves the synthesis of the lipid moiety, the nonlipid
moiety (e.g., sugar, peptide), and the subsequent linkage of the two por-
tions. The pathways involved in biosynthesis are dependent on the carbon
source and the type of biosurfactant produced.

An aminolipid biosurfactant called serratamolide (cyclodepsipep-
tide) was isolated from S. marcescens NS.38. On hydrolytic cleavage of
amide and ester linkages, the molecule is known to yield serine and
3-hydroxy-decanoic acid. Matsuyama et al. (22,23) suggested that these
two components must contribute to the surface-active properties of this
aminolipid. A similar structure of the biosurfactant produced by LB006 is
being investigated.

Biosurfactant production by S. marcescens LB006 was stimulated by
the addition of long chain fatty acids, suggesting that the mechanism of

Fig. 1. Profiles of biosurfactant production (�), dry biomass (�), surface tension (×),
CMD –1 (�), and CMD –2 (�) vs time during growth of S. marcescens (LB006).
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biosurfactant synthesis is related to the emulsification of these vegetable
oils, which enhanced the nutrients’ availability for bacterial cell. Further
studies are being conducted in order to examine some applications of this
biosurfactant production.

Conclusion

The local isolated LB006 strain showed better surface tension reduc-
tion than the collection culture 0710 strain. Sunflower oil was the best veg-
etable oil tested. Linoleic acid was probably the component of sunflower oil
responsible for the increase in biosurfactant production.

The addition of vegetable oils showed low influence on the produc-
tion of biosurfactant by S. marcescens 0710, and little difference in surface
tension, CMD –1, and CMD –2 was observed.

Acknowledgments

We thank Álvaro Araújo (UFRN) and Marcia Nitshke and Rogério
Martini (UNICAMP) for their helpful suggestions during the preparation
of the manuscript. This work was supported by Fundação de Amparo à
Pesquisa do Estado de São Paulo, no. 00/05283-0.

References

1. Rosen, M. J. (1975), Surfactants and Interfacial Phenomena, Wiley Interscience, NY.
2. Haditirto, S., Abu-Ruwaida, A., Albrecht, C., Kobot, S., Abdelhamim, M., and Salem,

A. (1989), Report no. 3218, Kuwait Institute for Scientific Research (KISR) BT-20,
Kuwait.

3. Ashtaputre, A. A. and Shah, A. K. (1995), World J. Microbiol. Biotechnol. 11, 219–222.
4. Greek, B. F. (1991), Chem. Eng. News 69, 25–52.
5. Greek, B. F. (1990), Chem. Eng. News 68, 37–38.
6. Desai, J. D. and Banat, I. M. (1997), Microbiol. Mol. Biol. Rev. 61, 47–64.
7. Kim, J. S., Powalla, M., Lang, S., Wagner, F., Lunsdorf, H., and Wray, V. (1990),

J. Biotechnol. 13, 257–266.
8. Lin, S. C., Goursaud, C. J., Kramer, J. P., Georgiou, J. P., and Sharma, M. M. (1990), in

Microbial Enhancement of Oil Recovery—Recent Advances, Donaldson, ed., Elsevier Sci-
ence, Amsterdam.

9. Persson, A., Osterberg, E., and Dostalec, M. (1988), Appl. Microbiol. Biotechnol. 29,
1–4.

10. Beebe, J. L. and Umbriet, W. W. (1971), J. Bacteriol. 108, 612–616.
11. Cooper, D. G., Zajic, J. E., and Gerson, D. F. (1979), Appl. Environ. Microbiol. 37, 4–10.
12. MacDonald, C. R., Cooper, D. G., and Zajic, J. E. (1981), Appl. Environ. Microbiol. 41,

117–123.
13. Cooper, D. G. (1986), Microbiol. Sci. 3, 145–149.
14. Kosaric, N., Cairns, W. L., Gray, N. C. C., Stechey, D., and Wood, J. (1984), J. Am. Chem.

Soc. 51, 1735.
15. Cooper, D. G. and Paddock, D. A. (1984), Appl. Environ. Microbiol. 47, 173.
16. Mercade, M. E. and Manresa, M. A. (1994), JAOCS 71, 61–64.
17. Kosaric, N., Kairins, W. L., and Gray, N. C. C. (1987), in Biosurfactants and Biotechnol-

ogy, vol. 25, Dekker, M., ed., Surfactant Science Series, NY, pp.247–331.
18. Mulligan, C. N., Cooper, D. G., and Neufeld, R. J. (1984), J. Ferment. Technol. 62,

311–314.



Vegetable Oils on Biosurfactant Production 847

Applied Biochemistry and Biotechnology Vols. 98–100, 2002

19. Pruthi, V. and Cameotra, S. S. (1997), World Microbiol. Biotechnol. 13, 133 –135.
20. Grimont, P. A. D. and Grimont, F. (1978), Annu. Rev. Microbiol. 32, 221–248.
21. Matsuyama, T., Murakami, T., Fujikata, M., Fujita, S., and Yano, I. (1986), J. Gen.

Microbiol. 132, 865–875.
22. Matsuyama, T., Fujita, M., and Yano, I. (1985), FEMS Microbiol. Lett. 28, 125–129.
23. Matsuyama, T., Kaneda, K., Nakagawa, Y., Isa, K., Hara-Hotta, H., and Yano, I. (1992),

J. Bacteriol. 174, 1769–1776.


