Kafkas Univ Vet Fak Derg
18 (2): 285-289, 2012
DOI:10.9775/kvfd.2011.5440

RESEARCH ARTICLE

Production of Rhamnolipid (A Biosurfactant) Using Free and
Immobilized Cells of Pseudomonas sp.
Uğur SIDAL *

Ebru Şebnem YILMAZ ** 

* Celal Bayar University, Faculty of Art and Science, Department of Biology, TR-45030 Manisa - TURKEY
** Mustafa Kemal University, Faculty of Art and Science, Department of Biology, TR- 31040 Hatay - TURKEY

Makale Kodu (Article Code): KVFD-2011-5440
Summary
This study presents a method for the production of rhamnolipid, a biosurfactant, by Pseudomonas sp. Pseudomonas sp. cells that
were grown in nutrient agar were inoculated into sterile liquid medium. Following an incubation period of 24 h, 2 ml of cells were
inoculated into a different liquid medium and the results were obtained at the end of 26 hours incubation time. In our study, the effects
of temperature, pH, and glucose concentration on rhamnolipid production were also investigated. Later, the same procedure was
applied to immobilized cells that were kept away from the free microorganisms. The production of rhamnolipid by free cells was found
to be much higher than that of immobilized cells. Free cells could be used for rhamnolipid production effectively.
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Serbest ve Tutuklanmış Pseudomonas sp. Hücrelerinden
Ramnolipid (Biyosürfektan) Eldesi
Özet
Bu çalışmada, bir büyosürfektan olan ramnolipidin Pseudomonas sp.’den üretimi araştırılmıştır. Nutrient agarda üretilen
Pseudomonas sp. örnekleri sıvı besiyerine aktarılmıştır. 24 saatlik inkübasyon sonrası, 2 ml’lik kültür örnekleri ramnolipid üretimi için,
farklı bir sıvı besiyerine aktarılarak 26. saatte sonuçlar gözlenmiştir. Çalışmada, ayrıca ramnolipid üretimine sıcaklığın, pH’ın ve glukoz
konsantrasyonunun etkisi de incelenmiştir. İmmobilize (tutuklanmış) hücreler içinde aynı metotlar uygulanmıştır. Ramnolipid üretimi,
serbest hücrelerde tutuklanmış hücrelerden daha yüksek bulunmuştur. Serbest hücreler, etkin ramnolipid üretimi için kullanılabilirler.

Anahtar sözcükler: Biyosürfektan, Ramnolipid, Pseudomonas sp., Tutuklanmış hücre, Serbest hücre

INTRODUCTION
Many microorganisms are able to synthesize different
types of biosurfactants when grown on various carbon
sources. These biosurfactants include low molecular weight
glycolipids, lipopeptides, and high molecular weight lipid
-containing polymers such as lipoproteins, lipopolysaccharide-protein complexes, and polysaccharide-protein
-fatty acid complexes 1,2. It is well known that several strains
of Pseudomonas can accumulate surface-active compounds
characterized as rhamnolipids when grown on different
carbon sources 3. The rhamnolipids produced by
Pseudomonas aeruginosa have been widely studied and
are reported to be a mixture of the homologous species
RL1 (Rha C10C10), RL2 (Rha C10), RL3 (Rha2C10C10) and
RL4 (Rha2C10) 4.
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In recent years, the number of investigators studying
biosurfactant-producing microorganisms has dramatically
increased. Biosurfactants have several advantages over
synthetic surfactants for potential industrial applications.
The most important advantage of biosurfactants when
compared to synthetic surfactants is their ecological
acceptance, owing to their low toxicity and biodegradable
nature 3,5. Some of these biosurfactants also have been
investigated for their potential to act as biologically active
compounds for pharmaceuticals 6.
Microorganisms used for industrial applications are
selected to provide the best possible combination of
characteristics for the specific process and equipment
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being used. The selected strains should be tolerant of
high concentrations of carbohydrates and biosurfactants.
P. aeruginosa is capable of using different carbon sources
to produce rhamnolipids: glycerol, vegetable oils, hydrocarbons and others 3,5. Biosurfactant production is
possible using either free or immobilized cells in culture.
Immobilization involves the restriction of cell mobility
within a defined space, which provides high cell
concentrations and permits the reuse of the cells 7,10. Both
techniques have some advantages and disadvantages,
e.g., economical and technical. The use of immobilized
whole cells in industrial processes has attracted
considerable attention during the past few years due
to its advantages over traditional processes, and the
development of cell immobilization techniques has
gained momentum in recent years due to its potential
application in different areas of biotechnology, including
biosurfactant production. The aim of this study was to
compare the productivity of rhamnolipid production
in batch systems in which either free or immobilized
Pseudomonas sp. cells were grown using glucose as a
substrate.

MATERIAL and METHODS
Microorganism

Rhamnolipid Determination
Two ml of the seed culture was inoculated into a 250-ml
flask containing 50 ml of liquid culture medium. All samples
were incubated at 150 rpm for 26 h. The culture broth was
then centrifuged at 5.000 rpm for 12 min. Rhamnolipid
production was determined by a colorimetric assay at 480
nm using a Shimadzu UV-VIS spectrophotometer. For this
purpose, 2 ml of the cell-free broth (supernantant) was
used. Rhamnolipid concentration was estimated by the
phenolsulphuric acid method 12.
Glucose Determination
The glucose level was determined according to Miller 13
by the dinitro salicylic acid method at 550 nm using a
Shimadzu UV-VIS spectrophotometer.
Cell Immobilization
Immobilization of cells was performed according
to Cheetham et al.8 with a minor modification. For this
purpose, 0.6g of sodium alginate was dissolved in 20 ml
of distilled water, then mixed with previously centrifuged
cells. This mixture was poured into a beherglass that
contained 0.5 M CaCl2. All tests were performed in triplicate.

RESULTS

Pseudomonas sp. BKK041 was obtained from the culture
collection of the Department of Biology, Faculty of Science
and Arts, Mustafa Kemal University (Hatay, Turkey). The
stock culture was maintained on a nutrient agar slant at 4°C.
Culture Medium
The stock culture (24 h in nutrient agar) was tranferred
into a 250-ml Erlenmayer flask containing 50 ml of liquid
medium (1.28 g NaNO3, 0.87 g K2HPO4, 0.1 g MgSO4.7H2O,
0.1 g NaCl, 0.2 g KCl, 6.5 g Tris (hydroxymethyl aminomethane), 20.0 g glucose, 5 ml Mineral Salt Solution
[0.116g FeSO4 (NH4)2SO4.6H2O, 0.232 g H3BO3, 0.41 g
CoCl2.6H2O, 0.008 g CuSO4.5H2O, 0.008 g MnSO4.H2O,
0.022 g (NH4)6Mo7O24.4H2O, 0.174 g ZnSO4.7H2O in 1 L]
in 1 L), then incubated for 24h at 30°C 11. Culture media
were sterilized in an autoclave.

In the present study, we have investigated batch
culture system effects on rhamnolipid production in
free and immobilized Pseudomonas sp. BKK041 cells. The
results shown in Table 1 indicate that there is a substantial
influence of temperature on biosurfactant production.
The highest biosurfactant concentration (600 mg/L)
was obtained at 30°C. Higher and lower temperature
levels inhibited rhamnolipid production 14,17. The glucose
utilization curve showed a linear pattern throughout 26
hours of fermentation.
Table 2 shows the pattern of biosurfactant production
by the free and immobilized cells of Pseudomonas sp.
BKK041 in different pH conditions. These results indicate
that pH variation had an appreciable effect on rhamnolipid
production, as its concentration varied over a wide range

Table 1. Values of rhamnolipid and final glucose concentration at different temperatures
Tablo 1. Farklı sıcaklıklardaki son glukoz konsantrasyonu ve ramnolipid miktarları
Temperature
(°C)

Free Cells

Immobilized Cells

Rhamnolipid
(mg/L)

Final Glucose
Concentration (g/L)

Rhamnolipid
(mg/L)

Final Glucose
Concentration (g/L)

20

50

0.025

0.2

0.250

25

470

0.375

4

0.300

30

600

3.450

300

3.200

35

10

3.175

3

2.000

40

2

0.250

0.2

0.250
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of pHs. An initial pH value of 7 was found to be the most
suitable for Pseudomonas sp. to produce rhamnolipid 14-18.
The effect of glucose concentration on rhamnolipid
production is shown in Table 3. The maximum biosurfactant concentration (387.5 mg/L) was obtained at
an initial glucose concentration of 2% (w/v). Higher and
lower glucose concentrations inhibited rhamnolipid
production 17-20.

DISCUSSION
The results shown in Tables 1-3 represent the average
of triplicate trials. When the different batch processes

are compared, it can be seen that free cells gave better
results than immobilized cells (Fig. 1-3). The reasons for
this difference may be explained as a loss of activity during
immobilization or the diffusion limitations between
alginate gel surfaces and microorganisms. Similar results
have been reported by Jamuna et al.21, Kanwar et al. 22, and
Goksungur and Guvenç 23. However, their studies were on
different substrates and used different microorganisms.
If the limitations with the rhamnolipid production
techniques can be solved, the advantages of free cells
utilization would increase, in both batch and continuous
culture systems.
It is well known that biosurfactants are surface-active
agents produced by bacteria, yeasts, and fungi, and include

Table 2. Values of rhamnolipid and final glucose concentration at different pH values
Tablo 2. Farklı pH değerlerindeki son glukoz konsantrasyonu ve ramnolipid miktarları
Free Cells

Immobilized Cells

pH

Rhamnolipid
(mg/L)

Final Glucose
Concentration (g/L)

Rhamnolipid
(mg/L)

Final Glucose
Concentration (g/L)

5.0

2.50

0.250

0.25

0.450

6.0

12.5

0.500

0.10

0.900

7.0

410

4.000

320

3.400

8.0

25

0.400

20

2.100

Table 3. Values of rhamnolipid and final glucose concentration at different glucose concentrations
Tablo 3. Farklı glukoz konsantrasyonlarındaki son glukoz ve ramnolipid miktarları
Free Cells

Glucose
Concentration (%)

Immobilized Cells

Rhamnolipid
(mg/L)

Final Glucose
Concentration (g/L)

Rhamnolipid
(mg/L)

Final Glucose
Concentration (g/L)

2.5

0.050

0.25

1.250

1.0

5

0.125

1

2.000

1.5

300

1.375

10

1.500

2.0

387.5

3.200

210

2.200

2.5

200

1.725

100

1.100

0.5

600
500
400
Rhamnolipid 300
amount (mg/L)
200

Free cells
Immobilized cells

100
0

20

25

30

35

Temperature (°C)

40

Fig 1. The effect of temperature on rhamnolipid
production
Şekil 1. Ramnolipid üretimine sıcaklığın etkisi
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450
400
350
300
Rhamnolipid 250
amount (mg/L) 200
150
100
50
0

Free cells
Immobilized cells

5

6

7

Fig 2. The effect of pH on rhamnolipid production
Şekil 2. Ramnolipid üretimine pH’ın etkisi

8

pH

400
350
300
250

Fig 3. The effect of initial glucose concentration
on rhamnolipid production

Rhamnolipid
200
amount (mg/L)

Şekil 3. Ramnolipid üretimine başlangıç glukoz
konsantrasyonunun etkisi

100
50

Free cells
Immobilized cells

150

0

0,5

1

1,5

2

2,5

Initial glucose concentration (% w/v)

products such as fatty acids, glycerides, phospholipids,
lipopeptides, antibiotics, and glycolipids. Thus, in recent
years there has been much interest in the production of
biosurfactants from microorganisms for use in different
applications in many industries. For example, demand
for biosurfactants has increased in the oil and cosmetics
industries, among others, because biosurfactants are easily
degradable by microorganisms, compared with synthetic
surfactants, which are highly resistant to biodegradation
or are only partially biodegradable 24. The rhamnolipids
from Pseudomonas aeruginosa were first described by
Jarvis and Johnson 25, and studies on the biosynthesis
of these compounds in optimal in vitro conditions were
carried out by others 26-28, who reported that these
glycolipids were secreted into the medium during the
stationary phase of growth 29.
For these reasons, many studies have been conducted
to improve the production of biosurfactants. Biosurfactant
production optimization appears to be one of the main
fields of research, owing to the low product yields 30.
However, fermentation technology for biosurfactant
production using immobilized cells has not been applied
widely yet. In conclusion, this study showed that, the
yield of the biosurfactant rhamnolipid was low using the

immobilized cell technique. We suggested that it may
be possible to improve this method in further studies. In
addition, Pseudomonas sp. BKK041 free cells presented
good potential for the production of a rhamnolipid-type
biosurfactant.
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