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ABSTRACT

Rhamnolipids are the best studied glycolipids having excellent surface activity. Their
utilization in various application areas of environment, health, food, cosmetic, oil industry etc., have
made it the potential candidates that could replace the chemically synthesized surfactants because
these are derived from the natural source, in a pure form and they have low toxicity levels. The
production of rthamnolipids dependent on several environmental and nutritional factors and the
highest yield of rhamnolipids are estimated at 6 g/L with specific parameters. Effects of multivalent
ions, nutritional factors and environmental conditions are described by many researchers to find out
its enhanced production (Desai and Banat, 1997). In this mini review, some nutritional,
environmental and compositional factors are studied and estimated that how the production of
rhamnolipids enhanced and which kind of effects these factors have on its production.

INTRODUCTION

Rhamnolipids, a kind of extra-
cellular glycolipids composed of L-
rhamnose and 3-hydroxyalkanoic are
produced by the Pseudomonas aeruginosa.
Rhamnolipids were found for the first
time in P. pyocyanea grown on glucose
and was the first report of link between a
sugar and a hydroxylated fatty acid (1).
There is no any field, which is excluded in
the application area of rhamnolipids.
Increased demands and high cost of
rhamnolipids compelled the scientists to
increase its production and to find out the
ways which affects its high yield.
Researchers are focusing on the factors to
enhance its production by changing the
environmental conditions and parameters
(2). Their wide applications make it an
interesting candidate to find out its
relationships in its maximum production.

Effect of Nitrogen: Nitrogen or metal
ion-dependent  regulation  plays a
prominent role in the synthesis of
biosurfactants. The synthesis of rhamno-
lipids in P. aeruginosa is exhausted of
nitrogen and commencement of the
stationary phase of growth has been
observed (3).

Effect of Multivalent: The limitation of
multivalent cations also causes over
production of biosurfactants. Iron limi-
tation stimulates biosurfactant production
in Pseudomonas aeruginosa (3).

Effect of Carbon Sources: Micro-
organisms utilize a variety of organic
compounds as the source of carbon and
energy for their growth. Water soluble
carbon sources such as glycerol, glucose
mannitol and ethanol used for rhamnolipid
production by Pseudomonas aeruginosa
as mentioned in Table-1 (4).

Only glycerol behaved differently, as the
rhamnolipid level decreased sharply when
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glycerol concentration was over 2%.
About 6-7% glycerol concentration yields
very less rhamnolipid production. It is
reported that 3% glycerol produce 2 g/L
rhamnolipid with fermentation (5). Olive
oil is excellent for rhamnolipid production
with a max of 3.0 g/L at 10 % olive oil
conc. The fermentation produce 2 g/L
rhamnolipid when sunflower and grape
seed oil 6% conc. was used as sole carbon
source and 1400-1500 mg/L rhamnolipid
produced with 6% glucose and 2 %
glycerol. It is also reported that 1.3 and
2.1 g/L rhamnolipids are produced with 6
% and 5% conc. of diesel and kerosene oil
used as carbon sources (2).

Nereus reported in 2005 (6), that on
using glucose as a sole carbon source for
growth, rhamnolipid production was
0.355 g/L. Cultivation of P. aeruginosa
DAPUPE614 on glycerol and ammonium
nitrate produced 3.9 g/L rhamnolipid after
216 hours (5).

Table 1: Effect of carbon sources on
rhamnolipid production by P. aeruginosa
(2,4,5)

Carbon sources | Rhamnolipid
concentration g/L
Sunflower oil 4.9
Olive oil 5.4
Soy bean oil 4.8
Olein 4.5
Soapstock 12
Waste water 7.2
Glycerol 3.5
Manitol 3.9

Effect of Nitrogen Sources: Nitrates as a
nitrogen source supports maximum
surfactant production in P. aeruginosa (7).
It is also observed that the nitrates are the
best source of nitrogen for biosurfactant
production (8). Addition of nitrogen
source caused inhibition of rhamnolipid
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biosurfactant in the resting cells of P.
aeruginosa (9). A number of investigators
have demonstrated the overproduction of
biosurfactant by Pseudomonas aeruginosa
, when the culture reaches the stationary
phase of growth due to limitation of
nitrogen and iron (8).

Effect of Agitation: Agitation rate effects
the mass transfer efficiency of both
oxygen and medium components and is
considered crucial to the cell growth and
biosurfactant formation of the strictly
aerobic  bacterium  P.  aeruginosa
especially when it was grown in a shake
flask. As agitation rate increased from 50-
200 rpm  rhamnolipid production
increased nearly 80 % and cell growth rate
was also improved from 0.22-0.72/hr. The
dissolved oxygen (DO) level in the batch
culture increased from approximately
0.12-0.55 mg/L with an increased in
agitation rate from 50-200 rpm, indicating
that elevation of DO level seemed to have
a positive effect on both cell growth and
rhamnolipid production (10).

Effect of Temperature: There are limited
researches on the temperature dependence
for rhamnolipid production. The strain of
P. aeruginosa was grown in salt medium
at 25-47°C to explore the influence of
culture temperature on rhamnolipid
production.  Rhamnolipid production
increased with temperature from 25 to
30°C, remained nearly constant from 30 to
37°C  and decreased slightly when
temperature was increased to 42°C. P.
aeruginosa was unable to grow at 47°C
leading to negligible rhamnolipid
production at that temperature (10).

Effect of pH: Metabolism is pH sensitive
because pH is the important factor that
affects the chemical reactions of the living
cells. It was observed that there is
maximum production of biosurfactant at
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pH range from 6 to 6.8 and decreases
sharply when pH increases above 7.0 (3).
Effect of Phosphate: Triphosphate
compounds are  highly  energetic
compounds. Phosphate is very important
for the growth of microorganisms.
Cultivation of gram —ve bacterium on
ethanol with low phosphate concentration
yields maximum of rhamnolipids (11). A
mutant strain of P. aeruginosa by using a
mutagen,  N-methyl-N-nitrosoguanidine
on culturing produce 10 time more
rhamnolipid than the parental stain at 200
rpm/37°C (12).

Effect of Metals and Iron: The addition
of metals to the medium for biosurfactant
production with many bacteria does not
effect on the biosurfactant production
(13). Iron is the key microelement for
biosurfactant production in  several
microorganisms. In addition iron play an
important role as enzyme activator,
specifically of isocitrate lyase, an enzyme
involved in cell growth on hydrophobic
substrates. This enzyme is essential for
cell to deal with acetyl-CoA and convert it
into a C4 wunit during biosurfactant
synthesis (14).

Iron is a common cofactor for microbial
enzymes and protein and is an essential
mineral. The microorganisms have
developed a variety of strategies for
acquiring iron while simultaneously
protecting them from the potential toxicity
of iron (15). The main strategies used by
bacteria and fungi to acquire iron include
producing and utilizing siderophores
Ferric specific chelators using host iron
compounds such as heme, transferin and
lactoferrin (16).

Iron produce acidogenic fermentation
behavior and involve in the over
production of biosurfactant when used in
a dose dependent manner (17). Iron has a
dramatic effect on rhamnolipid production
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resulting in a three folds increase in
production when cells were shifted from
medium 35uM iron to medium containing
18uM of irons, under these conditions
there was no change in biomass yield (3).
Growth in high iron conditions represses
the synthesis of siderophores iron-
chelating agents as well as exotixin A,
alkaline protease and elastase in P.
aeruginosa (18).
Effect of Iron Salts: The highest yield of
rhamnolipid of 3.81 g/L was observed
when the medium of manitol was varied
with 0.008 g/L of ferrous sulfate. The
yield of rhamnolipid using 0.004 g/L
ferrous chloride was estimated 1.85g/L
(19).
FUTURE PERSPECTIVE
Rhamnolipids were discovered in
1949 and till now it is highly purified
form 99.9 % and highest yield is achieved.
These biosurfactants can work in extreme
conditions, are non-toxic, and are
themselves biodegradable. It can be used
in oil spill management, to treat diseases
like skin disorders, immune diseases,
respiratory disorders etc. It can be applied
in cosmetic industry, food industry and in
environmental protection industries. There
is no almost a field in which rhamnolipids
cannot be applied. The worlds growing
largest surfactant industry can be replaced
by the rhamnolipids with the huge
reduction in diseases. Rhamnolipids can
be applied in food industries as emulsifiers,
and can be used to prepare gold nano-
particles. This can also be used to face and
solve the challenges that we are facing
presently in health sector.

In this review, the factors affecting the
production of rhamnolipids are explained
to date indicating that how many
parameters are used to enhance its
production. The efforts are ongoing for
highest yield to overcome the increasing
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demands. To open the gates of research on
this molecule, this review summarized the
factors to increase, decrease or controlled
the growth that how can we achieve the
highest yield of rhamnolipids in
laboratory as well as in industry.

No doubt that rhamnolipids are the
molecules of miracle and having tendency
to perform almost all functions, which we
are searching for our modern industry.
This review will be a helpful for the new
researches in the industrial biotechnology
to apply these parameters and to find out
the other undiscovered parameters to
enhance the rhamnolipid bioproduction.
Acknowledgement: I highly thank to my
great teacher Prof. Izhar Abbasi and the
Health Department, Government of The
Punjab, Pakistan, to facilitate me and
obliged me to study and to investigate the
rhamnolipid biosurfactant.

REFERENCE

1. Bergstrom, S., H. Theorell and H.
Davide, On a metabolic product of
Ps. pyocyanea. pyolipic acid, active
against M. tuberculosis. Arkiv. Chem.
Mineral. Geol. 23A13:1-12 (1946).

2. Desai, J.D. and .M. Banat, Microbial
production and their commercial
potential. Micr. Mol. Biol. Rev. 47-64
(1997).

3. Guerra-Santos,L.H., O.Kappeli and
A.Fiechter, Dependence of Pseudomonas
aeruginosa continuous cultures bio-
surfactants production on nutritional
and environmental factor. Appl.
Microbiol.Biotechnol.24:443-448(1986).

4. Robert, M., M.E. Mercade, M.P.
Bosch, J.L. Parra, M.J. Espuny, M.A.
Manresa and J. Guiena, Effect of the
carbon source on the biosurfactant
production by P. aeruginosa 44T.
Biotechnol. Lett. 11: 871-874 (1989).

10.

11.

Pak. J. Biotechnol.

Safi, AM., L. Guilherme Sassa Ki,
M. Lauro, De Souza, A. Joel Meira,
M. Janete, De Araujo, A.M. David, P.
Luiz Ramos and Nadia Krieger,
Molecular structural characterization
of the biosurfactant produced by
Pseudomonas aeruginosa DAUPE
614. Chem. and Physics of Lipids
147: 1-13 (2007).

Nereus, W., LV.Gunther, Alberto
Nuiiez, W. Fett and K.Y.S.Daniel,
Production of Rhamno-lipids by
Pseudomonas chlororaphis, a Non-
pathogenic Bacterium. Applied and
Environmental Microbiology  71:
2288-2293 (2005)

MacElwee,C.G.,, H. Lee and J.T.
Trevors, Production of extracellular
emulsi-fying agent by Pseudomonas
aeruginosa UG-1. J. Ind. Microbiol.
5:25-52 (1990).

Ramana, K.V. and N.G. Karanth,
Factors affecting  biosurfactant
production  using  Pseudomonas
aeruginosa CFTR-6 under submerged
conditions. J.Chem.Technol. Biotechnol.
45:249-257 (1989).

Syldatk, C., S. Lang, F. Wagner, V.
Wray and L. Witte, Chemical and
physical characterization of four
interfacial-active rhamnolipids from
Pseudomonas spec. DSM 2874
grown on n-alkanes. Z. Naturforsch.
C. 40: 51-60 (1985).

Wei Yu-Hong, Chien Liang chou and
Jo-shu Chang, Rhamnolipid production
by indigeneous P.aeruginosa J4
orignating from petrochemicals wastes.
Biochem Engineer. J. 27: 146-154
(2005).

Mulligan,C.N., G.Mahmourides and
B.F.Gibbs, The influence of phosphate
metabolism on biosurfactants production
by Pseudomonas aeruginosa. .
Biotechnol. 12: 199-210 (1989).



Vol. 8 (1) 2011

12.

13.

14.

15.

Tahzibi Abbas, K. Fatemeh and M.A.
Mahnaz, Improved production of
rhamnolipids by a Pseudomonas
aeruginosa Mutant. Iranian Biomed.
Journal. 8: 25-31 (2004).

Yu-Hong, W. and W.I. Ming,
Enhancement of surfactin production
in iron enriched media by Bacillus
subtilis ATCC21332. Enzyme
Microbial. Biotechnology 22: 724-
728 (1998).

Hommel, R.K. and C. Ratledge,
Biosynthetic mechanisms of low
molecular weight surfactants and
their  precursor molecules. In:
Biosurfactant: Production, properties
and aapplications. Kosaric N. ed.
Marcel Bekker Inc. N.Y., p. 3-63
(1993).

Bagg, A. and J.B. Neilands, Ferric
uptake regulation protein acts as a
repressor, employing iron II as a
cofactor to bind the operator of an
iron transporter operon in E.coli.
Biochemistry =~ Washington. 2617:
5471-5477 (1987).

Factors affecting the rhamnolipid... 5

16.

17.

18.

19.

Guerinot, M.L., Microbial iron
transport. Annu. Rev. Microbiol. 48:
743-722 (1994).

Wei,Y.H. and .M.Chu, Enhancement
of surfactin production in iron
enriched media by Bacillus subtilis
ATCC21332.  Enzyme  Microb.
Technology 22: 724-728 (1998).
Bjorn,M.J., P.A.Sokol and B.H.
Iglewski. Influence of iron on yields
of extra cellular products in
Pseudomonas aeruginosa cultures. J.
Bacteriol. 138: 193-200 (1979).

Irfan Magsood M., Asif Jamal and H.
Abdul Azeem, Effects of Iron
Containing compounds on the
rhamnolipid biosurfactant production.
J. Biologia. (Accepted) 2011.



