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Studies on bioemulsifier production from marine Streptomyces sp. S1 
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Out of the 80 strains of actinomycetes isolated and screened from Alibag, Janjira and Goa coastal regions of India, 56 
showed lipase activity. Six potential strains were studied for bioemulsifier production by using oils and hydrocarbons as 
substrates. Streptomyces sp. S1 isolated from Goa showed maximum bioemulsifier production of 200 EU/mL. It also 
showed significant growth on maltose yeast extract medium. The fermentation conditions were optimized. Maximum 
bioemulsifier production was obtained at an initial pH 7, temperature 28°C, 120 rpm, sodium chloride concentration 3% 
(w/v) and time 14 d. Bioemulsification activity was significant against growth media containing 1% (v/v) toluene (361.2 
EU/mL). A medium containing 1% (v/v) toluene showed appreciable reduction in surface tension (42.6 dynes/cm). Critical 
micelle concentration (CMC) of purified composite bioemulsifier was 0.3 mg/mL. The bioemulsifier having 82% protein, 
17% polysaccharide and 1% reducing sugar was unstable at 10 and 50°C; but was found to be stable at room temperature 
(28°C). The optimized fermentation process produced a bioemulsifier yield of 3.8 g/L.  
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Introduction 
 Bioemulsifiers are surface-active agents produced 
by certain species of microorganisms during their 
growth. These compounds have been studied 
extensively for structural elucidation, physico-
chemical properties and potential applications in 
industrial fields. Biosurfactants are non-toxic, 
biodegradable and highly specific agents1. These are 
effective at extreme conditions of pH, temperature 
and salinity2,3. The amphiphilic biomolecules play 
vital role in microbial growth in the presence of 
hydrocarbons and fatty acids. Number of amphipathic 
molecules produced by living cells possess surface-
active characteristics. Bioemulsifiers property of 
lowering interfacial tension is used in the formulation 
of microemulsions. Applications of bioemusifier have 
been reported in agriculture, food, cosmetics, oil and 
pharmaceutical industries4,5. Bioemulsifiers minimize 
health hazards of oil spills by employing 
bioremediation of specific microorganisms6,7.  
 A number of microorganisms have been studied for 
the production of bioemulsifiers. Bioemulsifiers are 
mainly produced by various species of 

Acinetobacter8- 10. Emulsan, an extracellular 
polymeric bioemulsifier produced by Acinetobacter 
calcoaceticus RAG-1 studied in detail has shown 
great applications in oil industry11. Pseudomonas 
aeruginosa produces bioemulsifiers, which are 
rhamnolipids in nature12,13. Biosurfactant production 
from Bacillus subtilis strain has been reported by 
Mulligan et al14.  
 Bioemulsifier production by actinomycetes has 
been reported in very few cases. Glycolipids from 
Rhodococcus erythropolis15,16, R. aurantiacus17 and 
surface active lipids from Nocardia erythropolis were 
studied. In the literature search, there were very few 
reports on bioemulsifier production from marine 
actinomycetes. In the present study, we have isolated 
actinomycetes species from coastal region of Alibag, 
Janjira and Goa and studied their ability to produce 
bioemulsifier. The present study describes 
bioemulsifier production by Streptomyces sp. S1 
isolated from coastal region of Goa.  
 

Materials and Methods 
Screening of Marine Actinomycetes for Lipase Producation 
 Marine actinomycetes were isolated from 
sediments collected from Alibag, Janjira and Goa 
coastal region. All the isolated 80 strains were 
identified upto genus level by using morphological 
and biochemical characteristics. They were tested for 
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lipase activity. Plates of tributyrine agar (prepared in 
artificial seawater) were spot inoculated with fresh 
cultures of actinomycetes and incubated at 28°C for 
14 d. After incubation, plates were observed for clear 
zone around the colony18. After testing the lipase 
activity, positive strains were employed for 
emulsification assay.  

 
Screening of Marine Actinomycetes for Bioemulsifier 
Production 
 Actinomycetes species were grown for 12 to 15 d 
in maltose yeast extract broth (MYE) broth. The 
microbial cells were separated by centrifugation at 
10,000 rpm for 15 min at 30°C. Three mL of cell free 
culture broth was mixed with 0.5 mL test oil, which 
vortexed vigorously for 2 min and incubated at 30°C 
for 1 h for phase separation. Aqueous phase was 
removed carefully and absorbance of the aqueous 
phase was recorded at 400 nm. The absorbance 
maxima arrived at after scanning the entire visible 
light spectrum (UV-1601 Shimadzu Corporation, 
Japan). The blank was prepared with sterile medium. 
An absorbance of 0.010 units at 400 nm multiplied by 
dilution factor, if any, was considered as one unit of 
emulsification activity8,19 per mL (EU/mL). Different 
oils such as castor oil, cod-liver oil, eucalyptus oil, 
sesame oil, mustard oil and hydrocarbons such as 
diesel, petrol, kerosene, toluene, benzene, aniline, 
xylene, n-haptane were used. All oils and 
hydrocarbons used were of analytical grade.  
 
Bioemulsifier Production 
 Maltose yeast extract (MYE) medium was used for 
the production of bioemulsifier from Streptomyces sp. 
S1. MYE medium was selected because of the 
excellent growth of Streptomyces sp. S1 in this 
medium. Bioemulsifier production was carried out in 
200 mL MYE broth in a 500 mL conical flask at room 
temperature (28°C) with shaking at 150 rpm. 
Inoculum was grown in the same medium and 5 d 
culture (10%) was inoculated into the production 
medium. Samples were tested for bioemulsifier 
production after each day by employing 
emulsification assay and growth was detected by 
measuring absorbanceat 660 nm20,21.  
 
Effect of Environmental Factors on Bioemulsifier Production 
 Bioemulsifier production by Streptomyces sp. (A3, 
A7, CH1, C2 and S1) and Actinopolyspora sp. 
AH1 were tested at different physico-chemical 
conditions. 

Effect of pH 
 The effect of pH on bioemulsifier production and 
activity was studied. MYE medium was adjusted to 
different initial pH (5, 6, 7, 8, 9 and 10) and 
inoculated with actinomycetes species. After each 
day, emulsification assay was carried out and 
bioemulsion was measured at 400 nm.  

 
Effect of Temperature 
 To observe the effect of different temperature on 
bioemulsifier, MYE broth was inoculated with 
actinomycetes species and incubated at different 
temperatures (4, 15, 28, 40, 44 and 60°C). 
Bioemulsifier was measured after each day by 
emulsification assay and absorbance was measured at 
400 nm.  

 
Effect of Agitation 
 Effect of agitation on production of bioemulsifier 
was detected by incubating inoculated fermentation 
media with actinomycetes species at different 
agitation conditions (50, 100, 150, 200 and 250 rpm). 
Bioemulsifier was measured after each day by 
emulsification assay and absorbance was measured at 
400 nm22.  

 

Effect of Salt Concentration 
 Experiments on the effect of salt concentration 
were carried out by using varied concentrations of 
NaCl (1, 2, 3, 4 and 5%, w/v). Bioemulsifier 
production and activity were measured after each day 
by emulsification assay and absorbance was measured 
at 400 nm.  

 

Effect of Different Oils and Hydrocarbons on Bioemulsifier 
Activity 
 The emulsification assay was performed after 
centrifugation with each of castor oil, cod-liver oil, 
eucalyptus oil, sesame oil, mustard oil and 
hydrocarbons such as diesel, petrol, kerosene, toluene, 
benzene, aniline, xylene and n-haptane at 1% (v/v) 
concentration. Emulsification assay was carried out 
and measured at 400 nm23.  
 

Stability of Bioemulsifier 
 Emulsification assay was carried out to check the 
stability of emulsion. Emulsion was vortexed with 
water and oil and measured at 400 nm. One set of 
emulsion was incubated at room temperature (28°C) 
and the other at 10°C for 7 d. Stability was also 
checked at 50°C, and at different pH (6 to 9). 
Absorbance of aqueous layer at 400 nm was noted 
every day for 7 d24.  
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Partial Purification of Bioemulsifier from Streptomyces sp. 
S1 
 Streptomyces sp. S1 producing maximum levels of 
bioemulsifier was selected for further study. Partial 
purification was carried out using 1 liter of 14-day 
old-broth at 28°C and centrifuged at 10,000 rpm for 
20 min at room temperature. After centrifugation, 
three volumes of chilled acetone was added in cell 
free broth and incubated at 4°C for 15 h. The mixture 
was centrifuged at 10,000 rpm for 30 min (RM12C 
Micro centrifuge, REMI Motors, Mumbai, India) at 
10°C and brown precipitate was collected. This 
precipitate was dissolved in minimum volume of 
sterile distilled water (3 mL) and dialyzed (seamless 
cellulose tubing, width 40 mm, diameter 25 mm, 
retaining most proteins of molecular weight 12,000 or 
more, Sigma Aldrich Chemie, Gmbh, Steinheim, 
Germany) extensively against sterile distilled water at 
10°C for 48 h. Distilled water was changed after 
every 12 h. The dialysate was then frozen at –20°C 
and lyophilized. The lyophilized powder was stored at 
room temperature (30°C) in airtight glass vials8.  

 
Chemical Analysis of Bioemulsifier 
 The partially purified bioemulsifier was chemically 
analyzed. Protein content was measured by using the 
method described by Lowry et al25, with bovine 
serum albumin (BSA) as a standard. Polysaccharide 
was assayed by method of Dubois et al26 using 
glucose as a standard. Reducing sugars were 
estimated by using p-dinitrosalicyclic acid method27 
using glucose as a control. Extraction and 
quantification of lipids were performed by methods as 
described by Reddy et al28.  
 
Determination of Viscosity and Surface Tension 
 Viscosity of the purified bioemulsifier was tested 
by two methods. In the first method, different aliquots 
of purified bioemulsifier powder (1 to 4 mg/mL) were 
used to emulsify a fixed (10 mL) amount of castor oil. 
Viscosity was recorded by Ostwald’s standard 
viscometer21 at room temperature (28°C). 
Unemulsified castor oil was used as control. In the 
second method, purified bioemulsifier powder (10 
mg/mL upto 40 mg/mL) was used to emulsify a fixed 
volume (10 mL) of water. Distilled water was used as 
control.  

 Surface tension of fermented supernatant was 
determined by using Stalagnometer15. Sterile 
fermentation medium was used as control. Various 

concentrations of toluene (0.5, 1, 1.5 and 2% v/v) 
were used as substrate for the determination of 
surface tension. The critical micellar concentration 
(CMC) of partial purified bioemulsifier was 
determined using 0.1, 0.2, 0.3, 0.4 and 0.5 mg/mL of 
bioemulsifier in water.  

 
Results 
Bioemulsifier Production by Marine Actinomycetes 
 Out of the 80 strains screened for lipase activity , 
56 showed positive lipase activity. Six actinomycetes 
strains, one Actinopolyspora group and five 
Streptomyces group, having maximum lipase activity 
were selected for further investigation. All the six 
strains showed good bioemulsification activity. The 
activity was checked against five oils and eight 
hydrocarbons. It was maximum with hydrocarbons 
such as toluene, kerosene, petrol, xylene and diesel as 
compared to oils. All the strains showed very weak 
activity against castor oil. Hydrocarbons such as 
benzene, aniline and n-haptane also showed less 
activity as compared to other hydrocarbons. 
Streptomyces sp. S1 showed maximum activity 
amongst six strains (Figs 1 & 2). Streptomyces strains 
A3, A7, CH1 and Actinopolyspora sp. AH1 showed 
less bioemulsification activity as compared to 
Streptomyces strains C2 and S1.  

 
Time Course of Bioemulsifier Production by Streptomyces sp. 
S1 
 It is very important to know that at which growth 
phase of the life cycle Streptomyces produced 
maximum bioemulsifier. It was observed that 
maximum bioemulsifier was produced in the late 
stationary phase at 14 d after which the production as 
well as growth decreased (Fig. 3).  

 
Effect of Oils and Hydrocarbons on Bioemulsifier Activity as 
a Substrate 
 Fermentation was carried out with the addition of 
different concentrations of oils and hydrocarbons in 
the fermentation medium. It was observed that 
toluene as a substrate showed maximum activity 
against all test oils and hydrocarbons. Toluene 
concentration as a substrate was optimized and it was 
observed that 1% (v/v) toluene showed maximum 
activity (Fig. 4) against all test oils and hydrocarbons. 
Maximum bioemulsification activity was observed 
against toluene (1% v/v) as a substrate (361.2 
EU/mL).  
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Effect of Environmental Factors on Bioemulsifier Production 
Effect of pH 
 The pH affects the production of bioemulsifier by 
Streptomyces sp. S1. This species showed more 
bioemulsifier production at pH 7. Bioemulsification 
activity of this species was reduced in acidic as well 
as basic pH (Fig. 5).  

 
Effect of Temperature 
 Temperature played an important role in 
bioemulsifier production and activity. It was observed 
that 28°C was optimum temperature for bioemulsifier 
production. Bioemulsifier production and activity of 
Streptomyces sp. S1 was decreased as temperature 
increased. This indicates that bioemusifier is 
thermolabile (Fig. 5).  

 
Effect of Agitation 
 Agitation showed direct effect on the growth of 
actinomycetes and hence subsequently on production 
and activity of bioemulsifier. Agitation at 150 rpm 
was found to be most suitable agitation condition for 
Streptomyces sp. S1, while mixing at 50 rpm was 
most poor for bioemulsifier production and activity as 
there was poor growth of species. Effect of NaCl 
concentration was tested for bioemulsifier production. 
Sodium chloride strength of 3% (w/v) was effective 
for bioemulsifier production (Fig. 6).  

 
Stability of Bioemulsifier 
 The partially purified bioemulsifier (powder) was 
found to be stable at room temperature (28°C). A 
bioemusifier activity of 85% was maintained after 7 d. 
However, bioemusifier was not stable at low (10°C) 
and high temperature (50°C) for 7 d, retaining 32 and 
26% activity, respectively. Bioemulsifier from strain 
as well as partially purified powder was stable at 
neutral pH with 82% activity. At pH 6, 8 and 9 the 
bioemulsifier activity was observed as 38, 33 and 
28% respectively.  
 
Chemical Analysis of Bioemulsifier from Marine Streptomyces 
sp. S1 
 Partially purified bioemulsifier was obtained from 
the cell free supernatant of Streptomyces sp. S1 grown 
in MYE broth. The yield of bioemulsifier was found 
to be 3.8 g/L. Bioemulsifier consists of 82% protein, 
17% polysaccharide and 1% reducing sugar. The 
brownish, gummy bioemulsifier was highly soluble in 
water. The activity was retained even at room 
temperature for three months.  

 
 

Fig. 1� Effect of oils on production of bioemulsifier by marine 
actinomycetes: A, Castor oil; B, Cod liver oil; C, Eucalyptus oil; 
D, Sesame oil; E, Mustard oil. 
 

 
 

Fig. 2� Effect of hydrocarbons on bioemulsifier activity produced 
by six different actinomycetes species: A, Diesel; B, Petrol; C, 
Kerosene; D, Toluene; E, Xylene. 
 

 
 
Fig. 3� Time course for production of bioemulsifier by 
Streptomyces sp. S1. 
 

 
 
Fig. 4� Effect of different concentrations of toluene as a substrate 
on bioemulsification activity of Streptomyces sp. S1: A, 
Eucalyptus oil; B, Mustard oil; C, Kerosene; D, Toluene; E, 
Xylene. 
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Determination of Viscosity and Surface Tension 
 An increase in bioemulsifier concentration (0.5 to 3 
mL against a fixed volume of 10 mL cod-liver oil) 
resulted in a decrease in viscosity of cod-liver oil by 
72%. Different concentrations of bioemulsifier from 
10 to 30 mg/mL in water resulted in increase in 
viscosity of water by 20%. Surface tension of 
fermented MYE broth containing different 
concentrations of toluene was determined. A medium 
containing 1% toluene showed maximum reduction in 
surface tension (42.6 dynes/cm). Critical micelle 
concentration of partially purified bioemulsifier was 
found to be 0.3 mg/mL (Fig. 7).  
 

Discussion 
 Different species of marine actinomycetes were 
isolated for bioemulsifier activity since ther are very 

few reports available in literature. Bioemulsifier 
production from actinomycetes, glycolipids from 
Rhodococcus erythropolis16 and R. aurantiacus17 and 
lipids from Nocardia erythropolis are reported. Out of 
the 80 actinomycetes strains isolated, 56 showed 
lipase activity. Lipase acts on water-oil surfaces. 
Hence it can be concluded that actinomycetes from 
coastal region of Alibag, Janjira and Goa showed the 
presence of lipases and these species are able to 
produce bioemulsifier.  
 All lipase positive actinomycetes showed 
emulsification activity. Six actinomycetes strains, one 
from Actinopolyspora genera and five from 
Streptomyces genera, were selected. Among the six 
actinomycetes strains isolated, Streptomyces sp. S1 
showed maximum bioemulsifier producing activity. 
The maximum activity measured was 361.2 EU/mL 
after 14 d of stationary phase of Streptomyces species 
S1. Rosenberg et al9 reported that bioemulsifier of A. 
calcoaceticus RAG-1 was produced during stationary 
growth phase and it has been previously demonstrated 
that all mass and bioemulsifier production are directly 
proportional to each other.  
 The production of bioemulsifier was induced by the 
addition of hydrocarbons or oils29. Production of 
bioemulsifier occurs by degradation of hydrocarbons. 
These are utilized as a nutrient by bacteria in limited 
nutrient condition. Streptomyces sp. S1 isolated from 
Goa coastal region showed maximum bioemulsifier 
production by the addition of oils or hydrocarbons as 
a substrate in production broth (MYEB). Toluene 

 
 
Fig. 7� Surface tension and CMC of purified composite of 
bioemulsifier produced by Streptomyces sp. S1: A, Distilled 
water; B, Fermentation broth; C, Fermentation broth with 0.5% 
toluene; D, Fermentation broth with 1% toluene; E, Fermentation 
broth with 1.5% toluene. 
 

 
 
Fig. 5� Effect of pH and temperature on bioemulsifier production 
by Streptomyces sp. S1. 
 

 
 
Fig. 6� Effect of salt concentration and agitation on bioemulsion 
activity of Streptomyces sp. S1. 
 

�  

�
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(1%, v/v) as a substrate showed maximum activity 
against all test oils and hydrocarbons. Activity was 
maximum with hydrocarbons such as toluene, 
kerosene, petrol, xylene and diesel as compared to 
oils.  
 A pH of 7 was optimized for the activity and 
bioemulsifier production for a time period of 14 d. 
The bioemulsifier also showed insignificant activity at 
pH 6 and 8. The results showed that bioemulsifier 
production and activity was enhanced at alkaline pH. 
In the case of alsan30 by A. redioreistance KA 53 the 
activity and production of bioemulsifier was 
maximum in acidic pH. Optimum temperature for 
bioemulsifier production was found to be 28°C. This 
finding confirms its potential role in the growth of 
marine environment. A 40% loss of activity of the 
present bioemulsifier at 50°C is contrary to the 
observation of heat activation of alsan30.  Emulsan is 
produced and reported active at 30°C. This is obtained 
from an environmental isolate of A. calcoaceticus9 
RAG-1. Sodium chloride (3% w/v) was effective for 
bioemulsifier production. Agitation at 150 rpm was 
found to be most suitable for Streptomyces sp. S1. 
These conditions were also suitable for growth of this 
species. The results indicate that the bioemulsifier 
production is proportional to the growth of species.  
 Bioemulsifier was stable at room temperature for 
more than 7 d with 85% activity. It is a very important 
characteristic of this bioemulsifier as it benefits in 
increasing self-life of the product as well as storage of 
the bioemulsifier8. The bioemulsifier is highly soluble 
in water. Hence it can be used in formulation of 
pesticides, food and medicine. The bioemulsifier from 
Streptomyces sp. S1 showed considerable decrease in 
the viscosity of oil. It was found to increase the 
viscosity of water. Thus, it possesses an ideal property 
of bioemulsifier. Surface tension of bioemulsifier 
(CMC, 0.3 mg/mL) was 42.6 dynes/cm. Similarly, 
glycolipids from P. aeruginosa showed a surface 
tension 29 dynes /cm and that of fatty acids or neutral 
lipids by Nocardia erythropolis had surface tension 
32 dynes/cm. Surface tension of lipopeptides/ 
lipoproteins produced by P. fluorescens was 26.5 
dynes/cm (CMC, 150 mg/L) and polymeric surfactant 
produced by P. fluoresoums11,31 had surface tension 
27 dynes/cm (CMC, 10 mg/L). This bioemulsifier 
showed more surface tension and critical micelle 
concentration as compared to emulsan. A 
bioemulsifier produced by A. calcoaceticus RAG-1 
also showed decrease in surface tension32,33 by 10 

dynes/cm. Acinetobacter is well known for the 
production of bioemulsifier and a bioemulsifier 
produced by A. calcoaceticus (known as emulsan) is a 
very effective emulsifying agent for hydrocarbon-in-
water system2. A bioemulsifier produced by 
Acinetobacter from human skin has protein, 
polysaccharide and lipid composition similar to 
bioemulsifier obtained from Streptomyces strains8. 
The present work has demonstrated good emulsifying 
activity by Streptomyces strains isolated from west 
coast of India. On the basis of present study, west 
coast of India appears to be a novel source of 
actinomycetes capable of bioemulsifier production. 
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