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Abstract Halotolerant bacteria are regarded as effective

oil-scavengers in the polluted saltern and seawater. In this

regard, a halotolerant Planococcus was isolated from oil-

contaminated area of Dezful north springs, Iran, due to its

capacity in biosurfactant (BS) production. To facilitate

hydrocarbons degradation, in the current study, the effi-

ciency of BS production as function of growth rate of the

halotolerant Planococcus was investigated in the vicinity

of heavy crude oil by emulsification index (E24). Subse-

quently, the BS characterization was made by thin-layer

chromatography (TLC), gas chromatography (GC) and

infrared spectra analysis, and the stability was determined

by E24 value measurement over a certain pH (5–9), tem-

perature (20–100 �C) and salt concentration (0–10 % w/v)

ranges. The BS production was found to be growth-asso-

ciated. Detection of a unique band on TLC and GC chro-

matogram showed the extensive refining capacity of the BS

purification, using the medium supernatant under acetone

alkaline precipitation followed by oil dissolution from the

sediment by carbon tetrachloride. Accordingly, it was

clarified that the BS ultimately accumulated outside the

cells. The glycolipid quality of the BS was further deter-

mined by the routine chemical characterization on TLC and

by IR spectra analysis. Moreover, there was no protein

detected by lowery total protein assay. Finally, the optimal

temperature, pH and NaCl concentration to reach highest

E24 values (85.7, 77.0, and 79.0 %) were found at

respective 40 �C, pH = 9 and 0 % w/v. Our results

revealed the practically potential of strain Dezful Isolate

for BS large-scale production as environmentally friendly

oil-eliminating agents.

Keywords Planococcus � Biosurfactant � Halotolerant �
Biodegradation

Introduction

The role of petroleum degrading microorganisms as the

candidate for oil decontaminations from polluted sites is

recently highlighted among researchers who concern about

environmental preservation (Tang et al. 2010). There are

wide variety of microorganisms, including bacteria, yeasts

and filamentous fungi, which are capable of consuming

petroleum and their related compounds as their energy and

carbon source (Kim et al. 1999; Kristanti et al. 2011;

Mohsenzadeh et al. 2012; Sood and Lal 2009; Vyas and

Dave 2011). Either every single of or any given consortium

of these bioscavengers is found at a given locations. Some

are distributed in vast areas of the globe, in terrestrial and

aquatic environments, fresh and seawater, as well as almost

every climate, while others are restricted to some specific

locations whose productive life depends on seasonality

(Jain et al. 2010; Menezes Bento et al. 2005; Singh et al.

2012). Biosurfactants are literally surfactants from bio-

logical sources. These compounds are produced by various

microorganisms to considerably improve the bioavailabil-

ity of water-immiscible hydrocarbons as carbon and energy
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sources for them, whereby enhance their consumption rate

(Bento et al. 2005; Erdogan and Karaca 2011; Pirollo et al.

2008). They have the ability to accommodate themselves

between liquid phases with different degrees of polarity

such as water–oil due to their amphiphilic nature, thereby

increasing the oil–water interfaces (Singh et al. 2007; Van

Hamme et al. 2003). In addition, they help hydrocarbon

dissolution through surface intension reduction and/or

emulsification (Suthar et al. 2008). In other word, BS play a

large part in biodegradation process, which are regarded as

helpful in eliminating hydrocarbon wastes and in averting

their disastrous environment consequences (Van Hamme

et al. 2003).

In the case of hydrocarbon-related contaminations, due

to very low water-soluble compounds present in oil, natural

biodegradation of hydrocarbons in the polluted soil, fresh

water and seawater is extremely slow. However, two bio-

logically strategy became famous in recent decades: bi-

ostimulation (the addition of some materials which can

help grow bioscavengers population) and bioaugmentation

(addition of bioscavengers to the polluted sites). Both can

be applied to eliminate hydrocarbons from nature more

efficiently and rapidly (Alisi et al. 2009; Llado et al. 2012;

Silva-Castro et al. 2012; Tahhan et al. 2011; Wang et al.

2012).

The aim of the current study is to find a correlation

between the biomass and BS production in a halotolerant

Planococcus Strain Dezful Isolate (DI) isolated during

autumn of 2011 from Dezful north springs, Iran, and

chemically characterize the BS nature. In addition, the BS

stability at different temperatures, pH conditions and salt

concentrations is determined by emulsification index.

Materials and methods

Microorganism inoculum preparation

The halotolerant Planococcus strain DI was screened from

spring water in north Dezful, Iran, and transferred to

nutrient rich broth medium as inoculum culture. To isolate

the bacterium, 1 ml of water sample was diluted by auto-

claved distilled water of onefold to fivefold dilutions. Then,

0.1 ml of each dilution was spread on nutrient agar medium

by a sterile glass rod. The plates were overnight incubated

at 30 �C. After isolating colonies, halotolerant Planococ-

cus DI was characterized as biosurfactants producing

bacterium and selected for further studies in more details.

Medium culture for biosurfactant production

1 ml of n-hexadecane was transferred to a 250 ml

Erlenmeyer flask containing 100 ml of Mineral salt

medium (MSM) with the following composition (mg/

100 ml): NH4Cl, 29.4; Fe2(SO4)3, 0.1; MgSO4, 2.0; KCl,

0.5, CaCl2, 0.1; and trace elements. After autoclaving, the

mixture was inoculated with 1 ml of bacterial suspension

(with equivalent turbidity to 0.5 McFarland units), sup-

plemented with 1 ml of autoclaved Na2HPO4 (2.94 mg/

100 ml), and placed on a rotatory shaker incubator

(140 rpm) at 30 �C.

Biomass determination

At 12-h intervals, the resultant precipitates of the centri-

fuged culture (1 ml) lysed by 0.3M NaOH (0.5 ml). The

mixture containing cell debris then underwent a centrifu-

gation, and the supernatant absorbance was recorded at

623 nm by Lowry method using bovine serum albumin as

standard (Lowry et al. 1951).

Biosurfactants isolation

Briefly, 200 ml of chilled acetone was added to 100 ml of

the supernatants (pH adjusted to 8.5–9) and left for 10 h at

4 �C. After centrifugation, the acetone was evaporated and

removed from the supernatant at 65 �C. To separate oil,

chloroform (100 ml) was mixed with and allowed to be

divided into two phases. The upper milky phase was dried

by hot air oven at 50 �C to be weighted later. The lower

oily phase was also blended with distilled water and left at

76 �C to eliminate the chloroform solvent and reserved in

refrigerator.

Emulsifying activity assay

Every 12 h, 2 ml of the culture medium containing 1 %

crude oil was centrifuged; the supernatant was blended

with crude oil (2 ml), mixed by vortex for about 1 min, and

after maintaining at room temperature for 24 h, emulsifi-

cation activity was calculated with the measurement of

emulsified layer (Viramontes-Ramos et al. 2010). Deter-

mination of emulsification activity was done using the

following formula:

Emulsification activity ðE24)¼ Emulsified layer height

Mixture
0
s total height

� 100

Chemical characterization of biosurfactant

TLC analysis

The dried sediment achieved through the BS isolation

protocol was dissolved in distilled water. A small amount

of the solution was spotted on a silica gel 60 plates (Merck)
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to be separated by the solvent system of distilled water:

acetic acid: methanol: ethyl acetate: chloroform as

25:20:15:10:5 (in volume). The same thin-layer chroma-

tography (TLC) examination was also carried out for

chloroform and acetone-free solution as control. The BS

chemically was identified on silica gel by the following

treatments: total lipids were exposed of the chromatogram

plate at 100 �C for about 15 min following spraying

H2SO4-brownish black spots (Hamilton and Hamilton

1992); carbohydrates-initially spraying of Alpha-naphthol/

ethanol reagent on the plate and subsequently were iden-

tified to extra pure H2SO4 spraying purple spots (Dubois

et al. 1956) and functional amine groups were exposed of

the plate at 110 �C for 10 min following processing by

ninhydrin/glacial acetic acid/n-butanol blue spots (Hamil-

ton and Hamilton 1992). Protein content was examined by

dissolving 0.2 g of the dried BS in 2 ml of distilled water

according to the Lowry method (Lowry et al. 1951).

Moreover, the acidified culture supernatant was qualified as

rhamnose equivalent by Orcinol assay (Vyas and Dave

2011).

GC analysis of biosurfactant

One microliter of the dried BS/methanol solution (0.01 g/

2 ml) was injected into splitter. Gas chromatography was

performed using Agilent 7890A instrument with thermal

conductivity detector (column: HP-5 30 m 9 0.25 mm;

stationary phase; DB-5 (silica gel: phenyl, 95:5 ratio);

carrier gas: different ratios of He:O2:H2 with 3 ml/min

flow; initial and final temperature: 40 and 200 �C with

temperature ramp of 10 �C/min; isothermal at 200 �C for

5 min) (Jain et al. 2010).

Infrared spectra (IR)

After BS extraction with chloroform followed by drying by

Na2SO4, the IR spectra of the BS was recorded on Bruker

IFS113vFTIR-spectrometer, in 4,000–400 cm-1 spectral

region at 2 cm-1 resolution, 100 scans for each spectrum,

using a 0.23-mm KBr liquid cell.

Biosurfactant stability assay

To demonstrate BS stability under different conditions,

emulsification index (E24) of its partially purified solution

(1 g/l) was examined in a given range of pH (5–9),

temperature (20–100 �C) and NaCl concentration

(0–10 % w/v). Briefly to characterize thermal stability, an

equal amount of BS solution and sterile crude oil was

blended together and get exposed in the temperature

range for 15 min and allowed to cool to room tempera-

ture; to evaluate pH effect, pH was adjusted to various

values by adding HCl or NaOH to solution at room

temperature; and the assessment of salinity effect was

performed by adding different concentration of NaCl

solution to BS dry powder followed by mixing with crude

oil and then recording the emulsifying activity after

30 min.

Results and discussion

Determination of effectiveness of isolating methods

In this study after precipitating bacterial cells by centri-

fugation (10,0009g for 10 min), different methods were

used to extract the BS from supernatant. They include

precipitation by lowering pH of medium supernatant,

using chilled acetone, or ammonium sulfate and extrac-

tion by different organic solvents (Anandaraj and Thi-

vakaran 2010; Deka and Das 2009). However, it was

revealed that the most efficient way to extract BS was

achieved by applying a modified method, i.e., first

alkaline precipitation of culture medium supernatant in

acetone and then oil dissolution of the resulted sediment

in tetrachloride carbon (Bryant 1990). Regarding the high

efficacy of our isolation method, preliminary emulsifica-

tion activity and TLC tests on acetone-free supernatant

and the subsequent lower chloroform-free phase deter-

mined lack of BS in these solutions, while emulsification

activity was increased in milky phase (the data not

presented).

The medium supernatant was able to completely dis-

perse crude oil, implying the extracellular location of BS

(Deka and Das 2009). Since more than 60 % of total

production expenditures are attributed to recovery of

product in biotechnological processes, the excretion of BS

would decrease more remarkably industrial costs com-

pared to those entrapped in cytosol or periplasmic

environments.

Bacterial growth, biosurfactant production and activity

relationship

As evident from Fig. 1, the time course study of BS pro-

duction by the isolate exhibits a logarithmic rise in E24 for

up to 100 h after inoculation to the medium containing

crude oil as carbon and energy source, which subsequently

reaches a stationary phase. Regarding the biomass con-

centration, BS yield and its emulsifying power in the

course of incubation, there are remarkable similarities
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between their respective patterns. Accordingly, it pre-

sumed that the production and the emulsifying activity of

the BS are associated to the bacterial growth. In the case

of a growth-associated BS production, there is a parallel

relationship between the substrate consumption, growth

and BS production (Abbasi et al. 2012). On the other

hand, accumulation of anionic compounds, e.g., BS in a

medium, hinders bacterial growth rate and its BS pro-

ductivity due to pH reduction in medium, which in turn

leads to a less appropriate environment for bacterial

reproduction and consequently BS synthesis (Anandaraj

and Thivakaran 2010). Based on our results, the emulsi-

fication activity of the derived BS was determined to

remain constantly highest (77 %) at the outset of log

phase, using the emulsified layer height of oil in distilled

water as control. This indicates the higher capacity of the

strain DI for oil recovery than those of other bacteria

(Vaz et al. 2012).

Biosurfactant purification and biochemical analysis

The preliminary assessment of the BS purification of the

isolating method described in the ‘‘Materials and meth-

ods’’ section was carried out by TLC. The development

of a unique fluorescent pink band on the gel under UV

spectrum indicates its purification (the result is not

shown). It was further confirmed by post-gas chromato-

gram exhibiting only one sharp pick at 16.417 min

besides the one correlated to solvent (1.083 min) (Fig. 2).

There are some reports taking advantage of TLC method

to determine BS purity (Satpute et al. 2010). Moreover,

gas chromatography has been considered as the more

powerful method in the separation of different organic

mixtures and in the determination of purity of a wide

variety of compounds. Our results showed high BS purity

when strain DI used n-hexadecane, receiving more

attention for further studies.

Fig. 1 Time course of growth and BS production by halotolerant Planococcus strain DI (right), and its emulsification activity (left) exhibited a

similar pattern with highest values for all three variables after 96 h

Fig. 2 The GC chromatogram

for BS of halotolerant

Planococcus strain DI when

hexadecane was used as the sole

carbon source. The presence of

a single sharp pick at 16.417

infers the outstanding BS

purification. The first bigger

pick at 1.083 is correlated with

solvent
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The result of the TLC plate exposure to H2SO4, ninhy-

drin and alpha-naphthol showed that our BS structure was

composed of carbohydrate, fatty acid parts and functional

amine groups when n-hexadecane was used as the only

carbon source. However, there was no protein available in

the BS using lowery total protein assay. The result of UV–

Vis spectral analysis for the orcinol assay showed that the

glycolipid part was probably associated with rhamnose.

The same result was also achieved for BS derived from

Candida sp. SY16 when Kim et al. (1999) applied these

treatments on silica plate. The BS was further presumed to

be glycolipid in nature by FTIR analysis, as the charac-

teristic absorption bands corresponding to typically func-

tional groups of glycolipids could be observed for the BS

(Fig. 3). The absorption bands include 3,340 1/cm O–H

stretching, the stretching bands of the amide and ester C=O

groups at approximately 1,637 and 1,100 1/cm as well as

N–H and C–N–H vibrations at around 1,637 and 600 1/cm,

respectively. Based on the characteristics have already

been evident from FTIR spectra of carbohydrates, the wide

picks denote high hydroxyl and amine functional groups’

frequencies in their structures (Kačuráková and Wilson

2001; Kuhn 1950). Overall, detection of carbohydrate and

lipid compounds, the high repetition of O–H and C=O as

well as amine functional groups present in the FTIR

spectrum and protein absence in the BS samples infer that

the BS produced by strain DI probably belongs to glyco-

lipids category. This is in accordance with results of

Engelhardt et al. (2001) which determined structurally BS

class of oil-degrading Planococcus alkanoclasticus as

glycolipid (Engelhardt et al. 2001). However, the current

IR spectrum is needed to be further compared with other

standard ones to find out more details.

Study of biosurfactant stability

The partially purified BS (1 g/l) was used to study the

stability of its emulsifying power under different condi-

tions (Table 1). The optimum conditions for the highest

E24 values were provided at 40 �C, pH 9 and zero salt

concentration, giving maximum emulsification activity of

about 85.5, 77.0 and 79.0 %, respectively. However, there

was no remarkable difference found for E24 values

between pH of 8 and 9 in terms of significance level of

0.05. Except for the salt concentration, this is somehow in

consistent with Ilori et al. (2005) results, determining

40 �C, pH 7–8 and 5 % w/v NaCl concentration as the best

environmental condition for emulsification activity of

Fig. 3 FTIR spectrum of the BS bears a remarkable resemblance to those of glycolipids
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glycolipid BS derived from Aeromonas sp. Unlike our

previous anticipation, our strain DI has better emulsifying

activity at zero salt concentration. This indicates their

greater suitability to biodegrade oil contamination at oil

extraction bases, which is being encompassed by areas

containing underground fresh water. According to the

present data, the emulsification index was gradually

decreased around the optimal determined values toward the

both extremes. Although our data did not show the

expected thermostability for the BS, the EI remained in

acceptable range from 20 to 60 �C, indicating its effec-

tiveness at oil cleanup enhancement in all seasons and most

climates. There are some reports about disruptive effects of

salts on oil–water emulsions and on emulsifying activity of

surfactants (Ferhat et al. 2011). This provides a clue as to

why BS emulsifying ability gradually declines when salt

concentration in medium increases. Since the DI strain was

collected from spring water; they would be regarded as

rather inherently superior oil-scavengers than marine

microorganisms in terrestrial polluted areas, whose heavy

reliance upon restricted salt concentration occurring in sea

water confined their reproductive life, regarding the sea-

sonality of the circumstances. The pH increase has a

positive effect on emulsion stability, since the more alka-

line solution provides the better conditions for prolonged

stability of fatty acid surfactant micelles (Lakatos-Szabo

and Lakatos 1999). These conditions are naturally occurred

in our DI strain’s habitats, that is, the most terrestrial areas

and their associated ground waters located on moderate

climates. Therefore, among all oil-degrading species, our

DI strain is probably more efficient at oil bioremediation in

these areas.

Conclusion

The results of the present study clearly proved that the

isolated halotolerant Planococcus strain DI could produce

extracellular biosurfactants and utilize crude oil or hexa-

decane as the sole carbon and energy source. The high

purifying efficacy of the BS isolation method was

revealed by TLC and GC analysis, suggesting the top

quality of the BS product suitable for a variety of appli-

cations. Moreover, the strong association between the

bacterial growth and BS production is regarded as good

prospect for its convenient scale-up of yield process as

just one-stage continuous culture system is necessitated.

The glycolipid characteristics of BS became evident from

IR analysis. Furthermore, the examination of the emulsi-

fying index (EI) in various simulated environmental

conditions revealed the BS considerable activity even in

partially alkaline extremes, that is, the strain DI might

well tolerates the changes in most land and fresh water

throughout seasons, without considerably decline in the

growth and the BS activity. The negative correlation

between EI and NaCl concentration does not rule out the

emulsifying capacity of the BS in salty environments.

Overall, we concluded that the strain DI could be rec-

ommended as an outstanding candidate for biosurfactant

production and for enhanced oil removal in contaminated

environments such as seawater, saltern, polluted land and

spring water.
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Table 1 Emulsification indices (EI, %) for the BS of halotolerant Planococcus strain DI were determined at different temperature, NaCl

concentration and pH points

Treatment Temperature (�C)

20 30 40 50 60 70 80 90 100

EI (%) 70.7 ± 1.5 78 ± 3.0 85.7 ± 3.1 73.7 ± 3.5 51 ± 3.0 42.7 ± 3.1 31.7 ± 1.5 27.0 ± 1 22 ± 2

Treatment NaCl (g/l)

0 1 3 5 7 10

EI (%) 79.0 ± 5.3 63.3 ± 3.5 57.3 ± 1.5 42.0 ± 3.0 32.3 ± 2.5 24.5 ± 0.5

Treatment pH

5 6 7 8 9 10

EI (%) 36.3 ± 4.0 46.3 ± 3.5 65.7 ± 3.1 74.7 ± 3.5 77.0 ± 5.0 60.3 ± 3.5

Measurements were performed at ambient temperature for the salt concentration and pH assessment
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