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Abstract
Background/ Objectives: Biosurfactants are extracellular surface-active com-
pounds produced by bacteria, fungi and yeast. Interest in biosurfactant has
been increasing due to their unique properties. The objective of this study is
to screen for potential biosurfactant producing yeasts from mangrove areas
of Gujarat in India.Methodology: The biosurfactant producing yeasts isolated
fromfive differentmangrove sites i.e. Hazira,Mandroi, Mirzapur, Kantiyajal and
Machhad of Surat, Gujarat during summer season of 2015. Isolated yeasts were
screened for the production of biosurfactant by Parafilm M, Oil displacement
and Emulsification index method in which cottonseed oil was used as a sub-
strate. The type of biosurfactant produced was identified by Phenol-sulfuric
acid test, Biuret test and phosphate test. Findings: Total twenty four yeasts
were isolated from soils of sampling sites. Yeasts were initially screened by
Parafilm M and oil displacement method. Out of these 24 isolate, 6 isolates
namely, Ky-48, Ky-53, Ky-54, Ky-84, Ky-86 and Ky-87 showed promising biosur-
factant activity. These six isolates were further subjected to secondary screen-
ing method: Emulsification test, to identify biosurfactant production. Two iso-
lates, namely Ky-46 (emulsification index: 61.53 %) and Ky-86 (emulsification
index: 46.66 %) showed maximum biosurfactant production. All six isolates
showed positive result for phenol- sulfuric acid method. This indicated that
the isolated biosurfactant was Glycolipid in nature.Novelty/Applications: Few
mangrove yeasts have potential to produce high amount of glycolipid that can
be used in food processing and detergents, healthcare and cosmetics indus-
tries.
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1 Introduction
Surfactants are amphipathic compounds which have both hydrophilic and hydrophobic portions which can decrease surface
tension between two liquids or between liquid and solid (1). Synthetic surfactant and biosurfactant are main two groups of
surfactant. Microorganisms produce extracellular biosurfactants (2). Biosurfactants are classified into glycolipids, lipopeptides,
lipoproteins, phospholipids and polymeric biosurfactants (3).

Biosurfactants have advantages over chemical surfactant because they are biodegradable, less toxic (4), has high selectivity
and specific activity at extreme conditions (5–7), ability to be synthesized from renewable feedstock and they show better envi-
ronmental compatibility (8). Biosurfactants are important biotechnological products with applications in many industries such
as food, cosmetic and pharmaceutical industries and are cost effective at the same time (9,10).

Biosurfactant production by using simple and low cost techniques from renewable sources become a versatile and sustainable
alternative over a chemical surfactant (11).

Among all yeasts, Candida species have been widely used for insoluble substrates fermentation and have been reported to
produce biosurfactants (7,9,11,12). Because of rigid cell walls yeasts generally produce biosurfactants in higher concentrations than
bacteria (8,13). Biosurfactant production by yeasts has been reported mainly by the Yarrowia sp., Pseudozyma sp. and Candida
sp. Most of yeast species present under GRAS (generally regarded as safe) status, for example Yarrowia lipolytica, Saccharomyces
cerevisiae and Kluyveromyces lactis and hence being used in food and pharmaceutical industries because they are considered as
nontoxic or nonpathogenic. So, it is great advantage to use these species for biosurfactant production (14).

Since the reports are very less in case of yeast as potent producer of biosurfactant, present studywas conducted on production
of biosurfactant by yeast using cottonseed oil as a low cost and easily available substrate. In this study, we focused on the
screening of the potential biosurfactant producing yeast from mangrove areas of Surat region of Gujarat.

2 Materials and Methods

2.1 The sampling sites

For this study total 5 sites i.e. Hazira, Kantiyajal, Mandroi, Mirzapur and Machhad were selected across mangrove regions of
Surat, Gujarat in India. Soil samples were collected from rhizospheric area of mangrove ecosystem and stored in sterile plastic
bags at 4◦C till further analysis. All sampling sites were impacted by human activities. The sampling was done during the May-
2015. The details of selected sampling sites are presented in Table 1.

Table 1. Location details of sampling sites of Surat region of Gujarat
Sr. No. Name of the site Location details

Longitude Latitude
1 Hazira – Industrial hazard 21◦08’356” 72◦39’579”
2 Kantiyajal 21◦27’105” 72◦39’040”
3 Mandroi 21◦25’712” 72◦40’220”
4 Mirzapur 21◦22’385” 72◦38’992”
5 Machhad – Estuarine area 20◦94’522” 72◦85’431”

2.2 Media preparation

Yeast Malt Extract Broth (YM) was made according to Van der Walt (15), with the following composition; 0.3% yeast extract,
0.3% malt extract, 0.5% peptone, 1% glucose; adjusted to pH 7 with 1 M HCl supplemented with 0.025% sodium propionate
and 200 mg chloramphenicol.

2.3 Isolation of yeast

200 mg of sediment sample were directly inoculated into 25 ml Yeast Malt Extract Broth (YM broth). YM broth flasks were
incubated for 72 h on a shaking condition at 120 rpm and 30oC. The broth was serially diluted (100 to 10-6) and aseptically
inoculated on the YM plates followed by incubation for 48-72 h. Emergent colonies were purified by the serial transfer tech-
nique (15). The isolated yeasts colonies were collected based on their morphological characteristics. All cultures submitted to
Gujarat Biotechnology Research Centre.
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2.4 Screening of potential biosurfactant producing yeasts

Seed cultures of yeast isolates were prepared by inoculating cells into a 100ml Erlenmeyer flasks containing 10 ml of the sterile
medium as described by Kitamoto et al. (16) (0.03% KH2PO4, 0.03% MgSO4, 0.3% NaNO3, 0.1 Yeast extract, 4% glucose, pH
7). Seed culture incubated at 30oC in shaking condition at 120 rpm for 72 h. After incubation time cultures were transferred
to 500ml flasks containing 100ml of the medium as described by Kitamoto et al (15)supplemented with 4% cottonseed oil as
substrate in place of 4% glucose, incubated at 30oC in shaking condition at 120 rpm for 10 days. After incubation period,
the Yeast culture samples were centrifuged at 10,000 x g for 15 min. The supernatants were taken and from that biosurfactant
production was determined by 1) Parafilm M test 2) Oil displacement method 3) Emulsification index method. The cell pellet
obtained was dried overnight at 100oC and weighed for biomass determination.

2.4.1 Parafilm M test
25 µ l aliquot of culture supernatant was dropped on a strip of parafilmM as a hydrophobic surface and then the diameter of the
droplet was evaluated (17). The shape of supernatant drop on the surface of parafilmMwas inspected after 1min. If the Shape of
drop becomes flat, it indicates presence of biosurfactant and if the shape of drop remains in dome shape, it indicates absence of
biosurfactant.

2.4.2 Oil displacement test
Oils displacement technique was carried out according to Morikava et al. (18). 100 µ l of crude oil was put onto the surface of
40ml of distilled water in a petri plate. 10 µ l of the supernatant of each sample was dropped into the center of petri dish and
observed for a clear zone. Oil displacement was measured as the activity of surfactant.

Emulsification measurement
Emulsification activity was measured according to the method of Satpute et al. (19). 4 ml of yeast culture supernatant and 4ml of
kerosene was added and vortexed at high speed for 2 min.Themixture was allowed to stand for 24 h prior to measurement.The
emulsification activity was defined as the height of the emulsion layer divided by the total height and expressed as percentage.

Emulsi f ication activity (E 24) =
Height o f emulsion layer

Total height
X 100 (1)

2.5 Chemical characterization of type of biosurfactant

As glycolipids, lipopeptides, phospholipids are the main three types of biosurfactants, three methods are used to identify the
type of biosurfactant 1) Phenol-Sulfuric test to identify for glycolipids, 2) Biuret test to identify for lipopeptides, 3) Phosphate
test to identify for phospholipids (20).

2.5.1 Phenol-Sulfuric acid test
1 ml of cell-free supernatant added in a test tube and 1 ml of 5% phenol added. To this mixture, 2-5 ml of concentrated sul-
furic acid was added drop by drop, until orange color was developed. Development of orange color indicated the presence of
glycolipids.

2.5.2 Biuret test
2ml of cell-free supernatant was heated at 70◦C for 10min.10 drops of 1MNaOH solution added to the solution. To thismixture
added 1% copper sulphate drop by drop, to observe a violet or pink ring, which indicates the presence of lipopeptides.

2.5.3 Phosphate test
To 2 ml of cell-free supernatant, 10 drops of 6M Nitric acid was added and heated at 70◦C for 10 5% ammonium molybdate
was added drop by drop to mixture until yellow color is formed, and then the formation of yellow precipitate, which indicates
the presence of phospholipids.

3 Results and Discussions
The 24 yeast isolates which were isolated from Surat sampling sites by dilution and plate techniques, 6 were from Kantiyajal, 4
were fromMandroi, 2 were fromMirzapur, 5 fromHazira and 5 were fromMachhad sampling site.They were further screened
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for their biosurfactant activities and morphological characterization. Morphological characteristics of isolated yeasts shown in
Table 2. All isolates shows round shape, smooth surface texture and entire margin. Six isolates gave alcoholic order and other all
gave acidic. 11 isolates shows white pigmentation, 12 isolates shows off white pigmentation and only one isolate Ky-48 shows
orange pigmentation, which isolated from Kantiyajal soil sample.

Table 2.Morphological characterization of yeasts isolated from mangrove areas of Surat region of Gujarat
Sampling
Sites

Isolates Size Shape Elevation Opacity Odor Pigment Surface tex-
ture

Margin

Kantiyajal

Ky-42 Small Round Convex Opaque Alcoholic White Smooth Entire
Ky-43 Small Round Convex Opaque Acidic Off white Smooth Entire
Ky-44 Big Round Convex Opaque Acidic Off white Smooth Entire
Ky-45 Pin point Round Flat Opaque Acidic Off white Smooth Entire
Ky-46 Pin point Round Convex Opaque Acidic Off white Smooth Entire
Ky-47 Big Round Capitate Opaque Acidic White Smooth Entire
Ky-48 Small Round Convex Opaque Acidic Orange Smooth Entire

Mandroi

Ky-49 Big Round Capitate Opaque Acidic White Smooth Entire
Ky-50 Pin point Round Flat Opaque Alcoholic Off white Smooth Entire
Ky-51 Pin point Round Flat Opaque Acidic Off white Smooth Entire
Ky-52 Small Round Convex Opaque Acidic Off white Smooth Entire

Mirzapur Ky-53 Small Round Flat Opaque Acidic Off white Smooth Entire
Ky-54 Small Round Convex Opaque Acidic White Smooth Entire

Hazira

Ky-55 Big Round Capitate Opaque Acidic White Smooth Entire
Ky-56 Pin point Round Flat Opaque Acidic Off white Smooth Entire
Ky-57 Small Round Convex Opaque Alcoholic White Smooth Entire
Ky-58 Pin point Round Flat Opaque Acidic Off white Smooth Entire
Ky-59 Small Round Convex Opaque Alcoholic White Smooth Entire

Machhad

Ky-84 Pin point Round Flat Opaque Acidic Off white Smooth Entire
Ky-85 Big Round Capitate Opaque Acidic White Smooth Entire
Ky-86 Small Round Convex Opaque Alcoholic White Smooth Entire
Ky-87 Small Round Convex Opaque Acidic White Smooth Entire
Ky-88 Small Round Convex Opaque Alcoholic White Smooth Entire
Ky-89 Pin point Round Flat Opaque Acidic Off white Smooth Entire

Total 24 isolates were used further for screening of extracellular biosurfactant production grown on Kitamoto’s medium
containing cottonseed oil as source of carbon. Cell biomass increased throughout the process for all of the different isolates.
Among 24 yeast isolates, Isolate Ky-46 shown highest dry cell biomass weighted 6.2 g after incubation period.

All these isolates were screened for biosurfactant production by 1) ParafilmM test 2) Oil displacement method 3) Emulsifi-
cation index method. Out of 24 isolates, 6 isolates shown biosurfactant activity whereas isolates from Hazira and Mandroi did
not show any biosurfactant activity ( Table 3).These six isolates had shown positive result for Parafilm-M test, where maximum
diameter of drop shown by Ky-46 (0.7 cm) followed by Ky-53 (0.6 cm), Ky-54 (0.6 cm) and Ky-84 (0.6 cm) and Ky-86 (0.5
cm) ( Figure 1). All six isolates had shown positive results for Oil spreading method. The displaced zone for Ky-46 had shown
maximum displaced area with a diameter of 4.0 cm ( Figure 2). Five isolates shown the clear zone which ranged between 1 cm
and 3 cm, three isolates produced the clear zone with less than 1cm diameter while the remaining fifteen isolates did not show
any detectable clear zone ( Table 3).
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Fig 1. Parafilm M Test for biosurfactant production by selected yeast isolates. Parafilm M tests of isolates Ky-46, Ky-59, Ky-86 andControl
(Cell free sterile fermentative media)

Fig 2. Oil displacement shown due to the production of biosurfactant by yeast isolate Ky-46. The clear zone formation on crude oil by bio-
surfactantproduced by isolate Ky-46

The biosurfactant activity of selected Ky-46, Ky-53, Ky-54, Ky-84, Ky-86 and Ky-87, were evaluated by Emulsification index
method.The emulsification index of these isolates were determined and calculated after 24 h of incubation.The highest emulsi-
fication index was formed by Ky-46(61.53%), indicates a good biosurfactant production ( Figure 3). As per the results observed
isolate Ky-46 from Kantiyajal soil sample shown maximum biosurfactant production.
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Fig 3. Emulsion layer formed due to biosurfactant production by Yeast isolates. Emulsion layer formed by Yeast isolates Ky-86,Ky-46, Ky-59
and Control (Cell free sterile fermentative media)

Table 3. Screening of yeast isolates for the production of biosurfactant
Sampling Sites Yeast Strains Parafilm M test Oil Displacement activity Emulsification index (E 24)

Kantiyajal

ky-42 - - -
ky-43 - - -
ky-44 - - -
ky-45 - - -
ky-46 0.7 3.5 61.53
ky-47 - - -
ky-48 - - -

Mandroi

ky-49 - - -
ky-50 - - -
ky-51 - 0.7 -
ky-52 - - -

Mirzapur
ky-53 0.6 2.0 37.03
ky-54 0.6 1.5 33.33

Hazira

ky-55 - - -
ky-56 - - -
ky-57 - - -
ky-58 - - -
ky-59 - - -

Machhad

ky-84 0.6 2.5 39.28
ky-85 - 0.5 -
ky-86 0.6 3.0 46.66
ky-87 0.5 1.5 33.33
ky-88 - - -
ky-89 - - -

In Parafilm M test, Oil displacement test andemulsification method (-) indicates negative activity.

Phenol-Sulfuric test, Biuret test and Phosphate test were performed with cell-free supernatant of all selected six isolates to
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identify type of biosurfactant produced. All six yeasts showed positive result for Phenol Sulfuric acid test and negative result
for Biuret test and phosphate test. Hence the biosurfactant produced by all six yeasts was classified as a glycolipid. Most known
biosurfactants are glycolipids (8). Rhamnolipids, Sophorolipid and trehalolipids are best known glycolipids (5).

The use of low cost and viable carbon source is necessary to produce commercially viable product with minimum cost (21).
The renewable sources like waste olive oil, palm oil, sunflower oil etc are the best option to reduce substrate cost (22). Hence,
cotton seed oil was used in the present study for biosurfactant production from the mangrove yeasts. Biosurfactant production
from cottonseed oil was previously studied by Luna et al., 2009 (7). The ParafilmM test is indicative test of the surface activities
and oil spreading technique is reliable method to detect biosurfactant production by microorganism (22). The diameter of clear
zone formed by supernatant which containing biosurfactant has been directly proportional to the concentration of biosurfac-
tant produced (23). Candida glabrata shows 66% emulsification index by using cotton seed oil (7). Emulsification index of the
biosurfactant from Trichosporon asahiiwas measured as 89% by using diesel oil as a substrate (24). Where as in the present study
biosurfactant production by Ky-46 found near to biosurfactant produced by Candida glabrata and lower than biosurfactant
produced by Trichosporon asahii. According to result of Parafilm M test, Oil displacement method and Emulsification index
method, Ky-46 yeast shows maximum biosurfactant production.

4 Conclusion
Biosurfactant producing yeasts are naturally presents in soils. The present study was undertaken to isolate yeasts from soil of
five different mangrove sites of Surat region and then screened for the production of biosurfactant using cotton seed oil as a
substrate. Total 24 yeasts were isolated from different soil samples. They were further screened for biosurfactant activities by
ParafilmM test, Oil displacement method and Emulsification index method. Six yeast strains namely Ky- 46, Ky-53, Ky-54, Ky-
84, Ky-86 and Ky-87, shown positive results in all biosurfactant screening tests. Among all yeast strains Ky-46 shown highest
activities in ParafilmM test (0.8 cm), Oil displacement method (4.0 cm) and emulsification index (61.53%) followed by isolate
Ky-86 in Parafilm M test (0.6 cm), Oil displacement method (3.0 cm) and emulsification index (46.66%). The biosurfactant
produced by these isolates was Glycolipid in nature, confirmed by Phenol-Sulfuric acid method. Large scale production of
biosurfactants recommended for further study by using agro industrial waste as a substrate.
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