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ABSTRACT 

The air isolate Pseudomonas aeruginosa OCD1 was studied for its maximal biosurfactant production in liquid Bushnell-Haas media with n-
octadecane as the substrate. Several culture conditions were investigated to maximize biosurfactant production from the strain OCD1. The 
optimum culture conditions were found to be 1% v/v inoculum, 2% v/v n-octadecane, 30oC temperature, 125 r.p.m. and pH 6.0 with extra 
30% w/v CaCl2.2H2O in growth medium. The strain Pseudomonas aeruginosa OCD1 produced 0.98 mg/mL rhamnolipid in the culture broth at 
the stationary growth phase. Again, the biosurfactant production was enhanced by the addition of ZnSO4 followed by MnSO4 in the culture media 
at the optimized conditions. 
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1. INTRODUCTION 

     Microbiologically-derived surfactants or biosurfactants are 
heterogeneous group of surface active molecules produced by a wide 
variety of bacteria, yeast and filamentous fungi, which either adhere 
to cell surface or are excreted extracellularly in the growth medium. 
Having both hydrophobic and hydrophilic moieties, biosurfactants are 
able to reduce surface tension and interfacial tension between two 
fluids at the surface and interface respectively. These are also able to 
form microemulsion where hydrocarbons can solubilize in water or 
where water can solubilize in hydrocarbon [1]. Microbial surfactants 
are complex molecules, comprising a wide variety of chemical 
structures, such as glycolipids, lipopeptides, fatty acids, 
polysaccharides-protein complexes, peptides, phospholipids and 
neutral lipids [2]. Biosurfactants have many industrial applications in 
different areas like oil industry, food industry, pharmaceutical sector 
etc. About a 30% increase in total oil recovery from underground 
sandstone by using trehalolipids from Nocardia rhodochrous has been 
documented [3]. Rhamnolipid from P. aeruginosa was found to 
remove a large quantity of oil from contaminated Alaskan gravel in 
the Exxon Valdez oil spill [4].  Biosurfactants are also useful in 
bioremediation of sites contaminated with heavy metals such as 
uranium, cadmium, lead etc [5]. In the food processing industries, 
improvement in dough stability, texture, volume and conservation of 
bakery products is obtained by addition of rhamnolipid [6]. 
Biosurfactants are also very attractive in the health care and cosmetic 
industries [7].  Some antimicrobial action against bacteria, fungi, 
algae, and viruses are observed by several biosurfactants. The 
lipopeptide iturin from B. subtilis showed potent antifungal activity 
[8].  

Almost all surfactants being currently produced are derived from 
petroleum source. However, these synthetic surfactants are usually 
toxic and hardly degraded by microorganisms. These are potential 
source of pollution and damage to the environment. Therefore, in the 

recent years, much interest and attention have been directed towards 
biosurfactants over chemically synthesized surfactants due to their 
ecological acceptance, owing to their low toxicity and biodegradable 
nature [9]. Other advantages of biosurfactant are ease of synthesis, 
specific action, and effectiveness at extreme conditions viz., 
temperature, pH, salinity [10]. Even though interest in biosurfactants 
is increasing, these compounds do not compete economically with 
synthetic surfactants due to the higher production cost of 
biosurfactants. To reduce the production cost, different routes could 
be investigated with respect to the increase of yield and product 
accumulation, the development of economical engineering processes 
and the use of cost-free or cost-credit feed stock for growth of 

microorganism and biosurfactant production [11]. The optimization 

of culture conditions is one of the routes that could be investigated 
for maximum production of biosurfactant.      

      In this study, we have tried to optimize culture conditions for 
maximum production of rhamnolipid from Pseudomonas aeruginosa 
OCD1, isolated from air. 

2. MATERIALS AND METHODS 
2.1 Organism, Media, Chemicals and Solvents 
 

       The organism Pseudomonas aeruginosa OCD1 was isolated from air 
in this laboratory by the present author [12]. Bushnell-Haas (BH) and 
Nutrient agar media of Hi Media Laboratories Pvt. Ltd., Mumbai, 
India, were used for isolation, cultivation and maintenance of culture. 
n-Octadecane was procured from Lancaster. Other chemicals and 
solvents were of AR grade and purchased from local suppliers. 

2.2 Surface Tension & Emulsification Index measurement 
 

         Surface tension of cell free and oil free culture broth was 
measured at 30oC by the application of du Nouy ring tensiometer 
locally made, graduated to 0.1 mN/m [13]. Culture broth was 
centrifuged at 10,000 rpm, (Remi C 30) and then separated from the 
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oil phase in a separating funnel. Emulsification activity was measured 
using the method described by Cooper and Goldenberg [14], where 2 
ml of diesel was added to the same amount of cell free supernatant 
and vortexed at high speed for 2 min. The emulsion stability was 
determined after 24 h and the E24 index was calculated as the 
percentage of height of emulsified layer (mm) divided by total height 
of the liquid column (mm). 

2.3 Study of optimization of growth conditions 
 

        The process parameters were optimized using liquid BH media 
in a series of experiments to obtain higher productivity of the 
biosurfactant. The observed variables are inoculum volume, 
hydrocarbon (C-source) percentage, temperature, incubation time, 
culture state and pH. The ranges of various parameters studied are 
presented in Table -1. Optical density (O.D.), surface tension, and 
emulsification index were measured with variation of the parameter 
under study, keeping other parameters constant at a time.   

Table 1: Ranges of culture parameters for biosurfactant 
production by P. aeruginosa OCD1 

Factors Ranges 

Inoculum (vol %) 0.2, 0.5, 1.0, 3.0, 5.0, 10.0 

Hydrocarbon (vol %) 0.25, 0.5, 1.0, 2.0, 4.0, 10.0 

Temperature (oC) 25, 30, 35, 40 

Culture state, r.p.m 0 (Static), 50, 100, 125, 150 

pH 4.5, 5, 5.5, 6, 6.5, 7, 7.5, 8 

 

2.4 Study of supplementation and limitation of medium 
component in the growth media 
 

Supplementation or limitation of medium component 
concentration in the growth media (BH broth) may increase the yield 
of biosurfactant. Here biosurfactant production was studied with the 
addition of 30%, 50% and 70% (w/v) of each medium component in 
the optimized growth media; limitation by N-source (NH4NO3) in 
the growth media was also studied. 

2.5 Study of kinetics of biosurfactant production  
 

The kinetic studies of biosurfactant production were carried out 
at optimized culture conditions with inoculum of fresh overnight 
culture and 5-days-old culture.  

        In this experiment, variations in biomass, surface tension, 
critical micelle dilution (CMD-1, CMD-2), and emulsification index 
were recorded at different time intervals over a period of 10 days. 
Biomass was expressed as optical density (O.D.) of culture broth 
measured by a colorimeter (CL 157, ELICO) at 600 nm. CMD-1 and 
CMD-2 are the surface tension of cell free culture broth diluted 10-
times and 100-times respectively with distilled water. 

2.6 Detection and quantification of biosurfactant 
 

The biosurfactant produced from Pseudomonas aeruginosa OCD1 
was detected as rhamnolipid, a type of glycolipid, reported in our 

previous paper [12]. The quantification of rhamnolipid was done by 
orcinol assay [15]. This test was used for direct assessment of the 
amount of glycolipid in the culture broth. 0.5 ml of the culture 
supernatant was extracted twice with 1 ml mixture of chloroform 
and methanol (2:1 v/v). The extracted organic layer was evaporated 
to dryness and 0.5 ml of H2O was added. To 100 µl of each sample 
with suitable dilution 900 µl of solution containing 0.19% orcinol (in 
53% H2SO4) was added. After heating for 30 min at 80ºC the samples 
were cooled to room temperature and the OD422.5 was measured. 
The rhamnolipid concentration was calculated from a standard curve 
prepared with L-rhamnose monohydrate and expressed as rhamnose 
monohydrate equivalents (RME) (mg ml-1). 

2.7 Study of effect of multivalent cations on growth media 
 

Sometimes it was observed that, limitation or supplementation 
of multivalent cation concentration in the growth media increases the 
biosurfactant production. Guerra-Santos et al [16] demonstrated that 
limiting the concentrations of salt of magnesium, calcium, potassium 
and trace elements resulted in a better yield of rhamnolipid in P. 
aeruginosa DSM 2659. The yield of biosurfactant production by B. 
subtilis MTCC 2423 was increased by adding the metal cations 
altogether than the individual addition of cations [17]. In our study, 
chloride and sulphate salts of some multivalent cations viz. Al2(SO4)3, 
MnSO4, ZnSO4, SnCl2 etc., were supplemented (0.03 gm/L) in the 
optimized culture media to observe the biosurfactant production 
efficiency. The biosurfactant production was denoted in terms of 
surface tension, CMD-1 and emulsification index. 

3. RESULTS AND DISCUSSION 
 

3.1 Optimization of culture parameters for biosurfactant 
production 
 

The cell growth and accumulation of metabolic products were 
strongly influenced by medium composition and other growth factors 
viz., temperature, pH, culture state etc. Thus optimization process 
can give high yield of metabolites. The biosurfactant production was 
measured by surface tension reduction and emulsification index test.  
The results of optimization process are given in figures below. 

       Figure 1 indicates that production of biosurfactant from P. 
aeruginosa OCD1 was affected by change in inoculum volume. 
Maximum reduction of surface tension and highest emulsification 
index were obtained with 1 vol% inoculum. Any change to both 
lower or higher inoculum volume gives poor result. 

 

Figure 1: Optimization of inoculum vol. n-Octadecane = 2 vol%, Temp. = 
35oC, Incubation time = 4days, shaking speed = 125 r.p.m, pH = 7.00 
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      The biosurfactant production was affected by different 
concentration of n-octadecane(n-C18) i.e. C-source (Fig 2). With 
increasing hydrocarbon from 0.25 to 10.0 vol%, initially surface 
tension decreased and emulsification index increased upto 2vol% n-
octadecane, after that surface tension and emulsification index did not 
change significantly. Therefore, 2 vol% n-C18 was taken as optimum 
C-source.  

 

Figure 2: Optimization of hydrocarbon vol. Inoculum = 1 vol%, Temp. = 
35oC, Incubation time= 4days, shaking speed = 125 r.p.m, pH = 7.00 

      Temperature is one of the critical parameter that greatly affected 
the culture growth and the biosurfactant production. Figure 3 
indicates that optimum temperature for biosurfactant production was 
found to be between 30oC and 35oC. A decrease or increase in the 
incubation temperature leads to lower growth of organism and 
biosurfactant production. 

 

Figure 3: Optimization of temperature. Inoculum = 1 vol%, n-octadecane = 
2 vol%, Incubation time = 4days, shaking speed = 125 r.p.m, pH = 7.00 

      Figure 4 shows that variation of biosurfactant production with 
culture state.  The more biosurfactant was produced in shaking 
conditions than static. By increasing shaking speed upto 125 r.p.m, 
surface tension decreased and then again increased with increasing 
shaker r.p.m. At 125 r.p.m highest culture growth and emulsification 
index were obtained. 

 

 

Figure 4: Optimization of shaker speed. Inoculum = 1 vol%, n-octadecane = 
2 vol%, Temp. = 30oC, Incubation time= 4days, pH = 7.00 

      Another important characteristic of most organisms is their strong 
dependence on the pH for growth of organism and production of 
secondary metabolites. Figure 5 shows that highest biosurfactant 
production by P. aeruginosa OCD1 was obtained at pH 6.00. Any 
change to both lower or higher pH values caused an appreciable drop 
in biosurfactant production indicated by surface tension reduction 
and emulsification index values. 

 

Figure 5: Optimization of pH of culture broth. Inoculum = 1 vol%, n-
octadecane = 2 vol%, Temp. = 30oC, Incubation time= 4days, shaking 
speed = 125 r.p.m. 

3.2 Supplementation and limitation of medium component in 
the growth medium 
 

        The study of supplementation and limitation of media 
component (BH broth) in the growth media at optimized conditions 
was presented in Table-2. From the result it was observed that, extra 
addition of CaCl2 and KH2PO4 in the BH media give quite better 
result than BH media only at optimized conditions with respect to 
surface tension and emulsification index values. When NH4NO3 was 
added in the growth media the organism showed very low growth. 
Therefore, limitation of NH4NO3 was studied. But it didn’t give 
significant result. Again, media selection for biosurfactant production 
was done from the result of Table-3. BH media at optimized 
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conditions with extra 30% (w/v) CaCl2. 2H2O was selected for 
production of biosurfactant. 

3.3 Biosurfactant production kinetics 
 

Kinetics of biosurfactant production was observed when the 
strain P. aeruginosa OCD1 was cultivated in BH media at optimized 

conditions. Figure 6A shows the production of biomass and 
biosurfactant at different time intervals when fresh overnight culture 
was used as inoculum. The surface tension (ST), critical micelle 
dilution (CMD-1, CMD-2) and E24 values were recorded during 
growth of organism. Maximum biosurfactant production (expressed 
as rhamnose monohydrate equivalent, RME) of 0.98 mg mL-1 was 
observed in the stationary growth phase. 

 

Table 2:  Effect of supplementation and limitation of medium component in the growth medium 

BH Media Component 30 % (w/v) 50 % (w/v) 70 % (w/v) 
ST                      E24 ST                       E24 ST                     E24 

Supplementation  
MgSO4 
CaCl2. 2H2O 
KH2PO4 
K2HPO4 
NH4NO3 
FeCl3 

32.2                66.92 
31.6                68.70 
31.9                68.22 
33.0                63.08 
48.50                7.35 
32.3                66.74 

33.0                63.16 
31.7                68.52 
31.7                68.45 
34.5                60.34 
52.8                   - 
32.0                67.00 

35.8               48.89 
31.6               68.74 
31.8               68.40 
35.6               52.62 
55.6                  - 
32.2               66.89 

Limitation 
NH4NO3 46.5                15.74 55.6                   - 58.2                  - 

  

Table 3  Media selection for higher biosurfactant production 

Variables O.D.600 ST CMD-1 E24 

BH media 
BH media + 30% (w/v) CaCl2. 2H2O 
BH media + 50% (w/v) KH2PO4 
BH media + 30% (w/v) CaCl2. 2H2O +  
50% (w/v) KH2PO4 

2.16 
2.60 
2.55 
2.62 

31.8 
31.5 
31.7 
31.7 

38.8 
36.0 
36.6 
36.5 

67.32 
69.00 
68.45 
68.66 

 

This observation suggests that the produced biosurfactant in the 
culture broth is a secondary metabolite. A similar type of observation 
was observed earlier by the other authors during the growth of 
Pseudomonas putida 21BN on n-hexadecane [18]. In the case when the 
culture was inoculated with an overnight culture an adaptation was 
required before reaching the stage of maximum biosurfactant 
production. This delay in the lag phase was expected since a number 
of different biochemical reactions are involved in alkane utilization 

including their terminal hydroxylation and β-oxidation [19]. 
However, enough rhamnolipid were produced to cause a drop in the 
ST of culture broth from 72 to 37 mNm-1 even after 36 hr of 
incubation. The surface tension reached a minimum of 31.5 in the 
stationary growth phase and did not decline further on. The CMD 
plot (a measure of biosurfactant concentration) showed that 
insufficient surfactant was initially present to form micelles. The 
minimum values of CMD-1 and CMD-2 were observed as 32.2 and 
46.0 respectively after 7 days of incubation, i.e., in the stationary 
growth phase. E24 values increased with increasing cell growth, 
reaching the optimum of 70.10 at stationary growth phase and 
remaining constant until the end of incubation.  

       The time of lag phase was reduced when a 5 days-old culture was 
used as inoculum (Fig 6B). Biosurfactant production started more  

 

 

 

rapidly with the addition of old inoculum, and simultaneous 
reduction of surface tension and CMD values were observed. The 
surface tension decreased to 31.5 mNm-1 and emulsification index 
increased to 69.96 coincidently with the transition to the stationary 
growth phase i.e., 4 days of incubation. The shorter lag phase may be 
due to the enhancement of n-octadecane availability for the cells by 
the concomitant addition of biosurfactant with the inoculum. 
Moreover, the inoculum culture fluid may have contained diffusible 
autoinducers which regulate rhamnolipid synthesis in Pseudomonas 
aeruginosa [20].   
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Figure 6: Biosurfactant production kinetics at optimized culture conditions. 
(A) inoculation with overnight culture (B) inoculation with 5-days-old culture 
(on BH with 2 vol% n-octadecane). All values are averages from three 
experiments.  
 
3.4 Effect of multivalent cations on growth media 

 

The effect of supplementation of multivalent cations in the 
culture broth is shown in Figure 7. In this study, biosurfactant 
production was enhanced by the addition of ZnSO4 followed by 
MnSO4 when observed at 3 days of incubation. This type of result 
was observed by Kiran et. al. [21] for biosurfactant production by 
Aspergillus ustus MSF3. Figure 7 also indicates that, the other salts 
Al2(SO4)3 and BaSO4 did not show better result than control flask. In 
contrast, CuSO4, SnCl2 and CdCl2 addition showed lower growth of 
organism in the culture media.  

 

Figure 7 Effect of multivalent cations on biosurfactant production; ST, surface 
tension; CMD-1, critical micelle dilution (10-times diluted culture broth); 
E24, emulsification index; Incubation period: 3days at optimized conditions 

4. CONCLUSION 
 

       The optimum culture condition for maximum biosurfactant 
production by Pseudomonas aeruginosa OCD1 was obtained as 1% v/v 
inoculum, 2% v/v n-octadecane, 30oC temperature, 125 r.p.m. and 
pH 6.0 with extra 30% w/v CaCl2. 2H2O. The strain is a potential 
source of rhamnolipid. The kinetics study revealed that maximum 
rhamnolipid production was obtained at stationary growth phase after 
7 days of incubation with inoculum of overnight culture. But the 
delay of lag phase may be reduced with the inoculum of 5-days-old 

culture and the maximum rhamnolipid production was achieved 
within 4 days of stationary growth phase. Again, it was observed that, 
multivalent cations Zn and Mn have positive impact on biosurfactant 
production. In literature few workers reported that limiting the 
concentrations of salt of magnesium, calcium, potassium and trace 
elements resulted over production of rhamnolipid by P. aeruginosa 
DSM 2659 [16]. But, in our study supplementation of metal ions 
increased the biosurfactant production by P. aeruginosa OCD1. There 
was no report in literature on over production of biosurfactant by P. 
aeruginosa OCD1 with supplementation of metal ions. Therefore, our 
study gives new information in this respect. The rhamnolipid 
obtained from Pseudomonas aeruginosa OCD1 may have various 
applications in different areas like bioremediation of polluted 
environment, pharmaceutical sector, food industry, cosmetics 
industry etc.   
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