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Out of the 80 strains of actinomycetes isolated serdened from Alibag, Janjira and Goa coastabregyof India, 56
showed lipase activity. Six potential strains wetedied for bioemulsifier production by using célad hydrocarbons as
substratesStreptomycesp. S1 isolated from Goa showed maximum bioenetsifroduction of 200 EU/mL. It also
showed significant growth on maltose yeast extraedium. The fermentation conditions were optimizbthximum
bioemulsifier production was obtained at an inipbd 7, temperature 2&, 120 rpm, sodium chloride concentration 3%
(w/v) and time 14 d. Bioemulsification activity waggnificant against growth media containing 1%v)wbluene (361.2
EU/mL). A medium containing 1% (v/v) toluene showaapreciable reduction in surface tension (42.6ediem). Critical
micelle concentration (CMC) of purified compositedmulsifier was 0.3 mg/mL. The bioemulsifier hayi82% protein,
17% polysaccharide and 1% reducing sugar was uestti0 and 5TC; but was found to be stable at room temperature
(28°C). The optimized fermentation process producembenbulsifier yield of 3.8 g/L.
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Introduction Acinetobactéf'®.  Emulsan, an  extracellular
Bioemulsifiers are surface-active agents producegolymeric bioemulsifier produced b#cinetobacter
by certain species of microorganisms during theitalcoaceticusRAG-1 studied in detail has shown

growth. These compounds have been studiegreat applications in oil industty Pseudomonas
extensively for structural elucidation, physico-aeruginosa produces bioemulsifiers, which are
chemical properties and potential applications irrhamnolipids in natu*® Biosurfactant production
industrial  fields. Biosurfactants are non-toxic,from Bacillus subtilis strain has been reported by
biodegradable and highly specific agénihese are Mulligan et ai“.
effective at extreme conditions @H, temperature Bioemulsifier production by actinomycetes has
and salinity®. The amphiphilic biomolecules play been reported in very few cases. Glycolipids from
vital role in microbial growth in the presence of Rhodococcus erythropols® R. aurantiacu§ and
hydrocarbons and fatty acids. Number of amphipathisurface active lipids froNocardia erythropolisvere
molecules produced by living cells possess surfacatudied. In the literature search, there were very few
active characteristics. Bioemulsifiers property ofreports on bioemulsifier production from marine
lowering interfacial tension is used in the formulationactinomycetes. In the present study, we have isolated
of microemulsions. Applications of bioemusifier haveactinomycetes species from coastal region of Alibag,
been reported in agriculture, food, cosmetics, oil andanjira and Goa and studied their ability to produce
pharmaceutical industrie3 Bioemulsifiers minimize bioemulsifier. The present study describes
health hazards of oil spills by employing bioemulsifier production byStreptomycessp. S1
bioremediation of specific microorganisiis isolated from coastal region of Goa.
A number of microorganisms have been studied fogjaterials and Methods
the production of bioemulsifiers. Bioemulsifiers arescreening of Marine Actinomycetes for Lipase Produation
mainly  produced by various species of Marine actinomycetes were isolated from
sediments collected from Alibag, Janjira and Goa
_ coastal region. All the isolated 80 strains were
*Author for correspondence:

Tel: 91-20-25437237 Fax: 91-20-2543 9383 identified upto genus level by using morphological
E-mail: kokare71@rediffmail.com and biochemical characteristics. They were tested for
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lipase activity. Plates of tributyrine agar (prepared irkffect of pH

artificial seawater) were spot inoculated with fresh The effect ofpH on bioemulsifier production and
cultures of actinomycetes and incubated &C2gr  activity was studied. MYE medium was adjusted to
14 d. After incubation, plates were observed for cleafifferent initial pH (5, 6, 7, 8, 9 and 10) and
zone around the coloHy After testing the lipase inoculated W!th actinomycetes species. After each
activity, positive strains were employed forday, emulsification assay was carried out and

emulsification assay. bioemulsion was measured at 400 nm.
Screening of Marine Actinomycetes for Bioemulsifier Effect of Temperature )
Production To observe the effect of different temperature on

Actinomycetes species were grown for 12 to 15 dbioemulsifier, MYE broth was inoculated with
in maltose yeast extract broth (MYE) broth. Theactinomycetes species and incubated at different
microbial cells were separated by centrifugation atemperatures (4, 15, 28, 40, 44 and°@®0
10,000 rpm for 15 min at 3C. Three mL of cell free Bioemulsifier was measured after each day by
culture broth was mixed with 0.5 mL test oil, which emulsification assay and absorbance was measured at
vortexed vigorously for 2 min and incubated at@G0 400 nm.
for 1 h for phase separation. Aqueous phase was
removed carefully and absorbance of the aqueoukfect of Agitation
phase was recorded at 400 nm. The absorbanceEﬁeCt Of agitation on prOdUCtion Of bioemuISiﬁer
maxima arrived at after scanning the entire visibl@vas detected by incubating inoculated fermentation
light spectrum (UV-1601 Shimadzu Corporation,media with actinomycetes species at different
Japan). The blank was prepared with sterile mediunggitation conditions (50, 100, 150, 200 and 250 rpm).
An absorbance of 0.010 units at 400 nm multiplied bygioemulsifier was measured after each day by
dilution factor, if any, was considered as one unit ofmulsification assay and absorbance was measured at
emulsification activit§*® per mL (EU/mL). Different 400 nnf®
oils such as castor oil, cod-liver oil, eucalyptus Oil,gfect of Salt Concentration
sesame oil, mustard oil and hydrocarbons such asExperiments on the effect of salt concentration
diesel, petrol, kerosene, toluene, benzene, anilinguere carried out by using varied concentrations of
xylene, n-haptane were used. All oils andNaCl (1, 2, 3, 4 and 5%, w/v). Bioemulsifier

hydrocarbons used were of analytical grade. production and activity were measured after each day
by emulsification assay and absorbance was measured
Bioemulsifier Production at 400 nm.

Maltose yeast extract (MYE) medium was used for . . , B
the production of bioemulsifier fro@treptomycesp Effect of Different Oils and Hydrocarbons on Bioenmifier
. ", Activity
S1. MYE medium was selected because of the'rpg omyisification assay was performed after

exc;llent Bgrowthl ?Strep;om%(cessp. Sl 'md th'i_ centrifugation with each of castor oil, cod-liver oil,
medium. Bioemulsifier production was carried ou 'neucalyptus oil. sesame oil. mustard oil and

200 mL MYE broth in a 500 mL _conical flask at room hydrocarbons such as diesel, petrol, kerosene, toluene,
temperature (2&) with shaking at 150 rpM. pensene  aniline, xylene and n-haptane at 1% (v/v)

Inoculum was grown in the same medium and 5 €y centration. Emulsification assay was carried out
culture (10%) was inoculated into the production; 4 measured at 400 &n

medium. Samples were tested for bioemulsifier . -
production after each day by employing Stability of Bioemulsifier _
emulsification assay and growth was detected by EMulsification assay was carried out to check the

measuring absorbanceat 6602 Stability of emulsion. Emulsion was vortexed with
water and oil and measured at 400 nm. One set of
Effect of Environmental Factors on Bioemulsifier Rduction emulsion was incubated at room temperaturé 28

Bioemulsifier production bystreptomycesp. (A3, and the other at 2C for 7 d. Stability was also
A7, CH1, C2 and S1) andActinopolysporasp. checked at 5@, and at differentpH (6 to 9).
AH1 were tested at different physico-chemicalAbsorbance of aqueous layer at 400 nm was noted
conditions. every day for 7 .
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Partial Purification of Bioemulsifier from Streptomycessp. concentrations of toluene (0_5, 1, 1.5 and 2% v/v)

St duci . | | fWere used as substrate for the determination of
'Strepto_r'nycesp. S1 producing maximum €VeIS O g\ )rface tension. The critical micellar concentration
bioemulsifier was selected for further study. Part'akCMC) of partial purified bioemulsifier was

purification was carried out using 1 liter of 14-dayyatermined using 0.1, 0.2, 0.3, 0.4 and 0.5 mg/mL of
old-broth at 28C and centrifuged at 10,000 rpm for pisemulsifier in water.

20 min at room temperature. After centrifugation,

three volumes of chilled acetone was added in cell

free broth and incubated &t for 15 h. The mixture Results _ _ _

was centrifuged at 10,000 rpm for 30 min (RMlZCBloemulsmer Production by Marine Actinomycetes

icro coniuge, REMI Motors, Mumbai, i) at o O 018 20 S SNl (0 eee o
10°C and brown precipitate was collected. This P P Y. y

precipitate was dissolved in minimum volume ofstrains, one Actinopolyspora group and five
e . Streptomycegroup, having maximum lipase activit
sterile distilled water (3 mL) and dialyzed (seamles plomycegroup g P y

) ) ) Were selected for further investigation. All the six
cetlll_JI(_)se tubltng, ;N'.dth ?O rlnm,ldlam(_et(;[ 1225082)m’strains showed good bioemulsification activity. The
retaining most proteins of molectiar weig ’ Ogctivity was checked against five oils and eight

more, Sigma Al.d“Ch Chemle, ('me'h,' Stemhe'm'hydrocarbons. It was maximum with hydrocarbons
Germany) extensively against sterile distilled water ali\ch as toluene, kerosene, petrol, xylene and diesel as

10°C for 48 h. Distilled water was changed after,oqhareq 1o oils. All the strains showed very weak
every 12 h. The dialysate was then frozen at’€20 qctivity against castor oil. Hydrocarbons such as

and lyophilized. The lyophilized powder was stored ahenzene, aniline and n-haptane also showed less

room temperature (3Q) in airtight glass viafs activity as compared to other hydrocarbons.
Streptomycessp. S1 showed maximum activity
Chemical Analysis of Bioemulsifier amongst six strains (Figs 1 & Btreptomycestrains

The partially purified bioemulsifier was chemically A3, A7, CH1 andActinopolysporasp. AH1 showed

analyzed. Protein content was measured by using thgss bioemulsification activity as compared to
method described by Lowrgt af’, with bovine  Streptomycestrains C2 and S1.

serum albumin (BSA) as a standard. Polysaccharide

was assayed by method of DUb.C% af using Time Course of Bioemulsifier Production byStreptomycesp.
glucose as a standard. Reducing sugars wekg
estimated by using p-dinitrosalicyclic acid metffod It is very important to know that at which growth
using glucose as a control. Extraction anchhase of the life cycleStreptomycesproduced
quantification of lipids were performed by methods agnaximum bioemulsifier. It was observed that

described by Reddst af®. maximum bioemulsifier was produced in the late
stationary phase at 14 d after which the production as
Determination of Viscosity and Surface Tension well as growth decreased (Fig. 3).

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 Effect of Oils and Hydrocarbons on Bioemulsifier Ativity as
a Substrate

used to emulsify a fixed (10 mL) amount of castor oil. Fermentation was carried out with the addition of

V_|scosny e%lwas recorded by Ostwald's Standarddifferent concentrations of oils and hydrocarbons in
viscomet at room temperature  (28). ihe fermentation medium. It was observed that

Unemulsified castor oil was used as control. In th‘?oluene as a substrate showed maximum activity
second method, purified bioemulsifier powder (10

: _\“Yagainst all test oils and hydrocarbons. Toluene
mg/mL upto 40 mg/mL) was used to emulsify a fixed. 5 centration as a substrate was optimized and it was

volume (10 mL) of water. Distilled water was used agpsarved that 1% (v/v) toluene showed maximum
control. activity (Fig. 4) against all test oils and hydrocarbons.

Surface tension of fermented supernatant wallaximum bioemulsification activity was observed
determined by using Stalagnométer Sterile against toluene (1% v/v) as a substrate (361.2
fermentation medium was used as control. VariougU/mL).
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Fig. 1 Effect of oils on production of bioemulsifier by nrze

actinomycetes: A, Castor oil; B, Cod liver oil; Eucalyptus oil;

D, Sesame oil; E, Mustard oil.
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Fig. 2 Effect of hydrocarbons on bioemulsifier activityopucecl
by six different actinomycetes species: A, Diesl;Petrol; C,

Kerosene; D, Toluene; E, Xylene.
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Fig. 3 Time course for
Streptomycesp. S1.
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Fig. 4 Effect of different concentrations of toluene asubstrate
on bioemulsification activity of Streptomycessp. S1: A,
Eucalyptus oil; B, Mustard oil; C, Kerosene; D, Uehe; E,

Xylene.

Effect of Environmental Factors on Bioemulsifier Pooduction
Effect of pH

The pH affects the production of bioemulsifier by
Streptomycessp. S1. This species showed more
bioemulsifier production apH 7. Bioemulsification
activity of this species was reduced in acidic as well
as basipH (Fig. 5).

Effect of Temperature

Temperature played an important role in
bioemulsifier production and activity. It was observed
that 28C was optimum temperature for bioemulsifier
production. Bioemulsifier production and activity of
Streptomycessp. 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
Streptomycessp. 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°(@8 A
bioemusifier activity of 85% was maintained after 7 d.
However, bioemusifier was not stable at low°@p
and high temperature (80) for 7 d, retaining 32 and
26% activity, respectively. Bioemulsifier from strain
as well as partially purified powder was stable at
neutralpH with 82% activity. AtpH 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 8freptomycesp. 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.
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Fig. 7 Surface tension and CMC of purified composite of
Fig. 5 Effect of pH and temperature on bioemulsifier prctthn  bioemulsifier produced byStreptomycessp. S1: A, Distilled

by Streptomycesp. S1. water; B, Fermentation broth; C, Fermentation bnetth 0.5%
toluene; D, Fermentation broth with 1% toluenefFErmentation
450 ) broth with 1.5% toluene.
W Concentration of
4004 NaCl (%wN)
Revolutions /min few reports available in literature. Bioemulsifier
S0 production from actinomycetes, glycolipids from
300- Rhodococcus erythropolfsand R. aurantiacu¥ and
£ 2504 lipids fromNocardia erythropolisare reported. Out of
3 the 80 actinomycetes strains isolated, 56 showed
(s lipase activity. Lipase acts on water-oil surfaces.
150 Hence it can be concluded that actinomycetes from
1004 coastal region of Alibag, Janjira and Goa showed the
presence of lipases and these species are able to
50+ produce bioemulsifier.
0 All lipase positive actinomycetes showed

1 60 2100 3 150 4 200 5 250

emulsification activity. Six actinomycetes strains, one
Fig. 6 Effect of salt concentration and agitation on biation ~ ffom  Actinopolyspora genera and five from
activity of Streptomycesp. S1. Streptomycegienera, were selected. Among the six
actinomycetes strains isolate8treptomycesp. S1
An increase in bioemulsifier concentration (0.5 to howed maximum bloemulsmer producing activity.
he maximum activity measured was 361.2 EU/mL

mL against a fixed volume of 10 mL cod-liver oil) fter 14 d of . hase Sif .
resulted in a decrease in viscosity of cod-liver oil by"‘ er of stationary phase sireéptomycespecies

72%. Different concentrations of bioemulsifier from S+ Rosenbergt af reported that bioemulsifier'aﬁ.
10 to 30 mg/mL in water resulted in increase incalcoacetlcusRAG-_l was produced'durmg stationary
viscosity of water by 20%. Surface tension Ofgrowth phase and it has been previously demonstrated

fermented MYE broth containing different that all mass and bioemulsifier production are directly

concentrations of toluene was determined. A mediurﬁrOportlonal to each other.

containing 1% toluene showed maximum reduction in The production of bioemulsifier was induced by the
surface tension (42.6 dynes/cm). Critical micelleaddition of hydrocarbons or difs Production of
concentration of partially purified bioemulsifier was bioemulsifier occurs by degradation of hydrocarbons.

Determination of Viscosity and Surface Tension

found to be 0.3 mg/mL (Fig. 7). These are utilized as a nutrient by bacteria in limited
nutrient condition Streptomycesp. S1 isolated from
Discussion Goa coastal region showed maximum bioemulsifier

Different species of marine actinomycetes wergroduction by the addition of oils or hydrocarbons as
isolated for bioemulsifier activity since ther are verya substrate in production broth (MYEB). Toluene
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(1%, viv) as a substrate showed maximum activitglynes/cm. Acinetobacter is well known for the

against all test oils and hydrocarbons. Activity wagroduction of bioemulsifier and a bioemulsifier
maximum with hydrocarbons such as tolueneproduced byA. calcoaceticugknown as emulsan) is a
kerosene, petrol, xylene and diesel as compared tery effective emulsifying agent for hydrocarbon-in-

oils.

water
A pH of 7 was optimized for the activity and Acinetobacter from human skin

systemh A bioemulsifier produced by

has protein,

bioemulsifier production for a time period of 14 d.Polysaccharide and lipid composition similar to
The bioemulsifier also showed insignificant activity atPioemulsifier obtained fromStreptomyce strain&
pH 6 and 8. The results showed that bioemulsified he present work has demonstrated good emulsifying

production and activity was enhanced at alkaphie
In the case of alsdhby A. redioreistance&kA 53 the
activity and production of bioemulsifier

activity by Streptomyce strains isolated from west
coast of India. On the basis of present study, west
was Coast of India appears to be a novel source of

maximum in acidicpH. Optimum temperature for actinomycetes capable of bioemulsifier production.

bioemulsifier production was found to be°28 This

finding confirms its potential role in the growth of
marine environment. A 40% loss of activity of theT
present bioemulsifier at 8C is contrary to the
observation of heat activation of aldanEmulsan is
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