
ABSTRACT
The biosurfactant produced by Pseudomonas balearica isolated from oil-contaminated sea water was studied in the present 
research. A range of different growth conditions,  such as temperature, pH, incubation period, inoculum size and different 
carbon/nitrogen sources and different C/N ratios were investigated to determine the optimum conditions for maximum 
production of a biosurfactant by the selected bacterial strain using a mineral salt medium. The best carbon andnitrogen 
sources were olive oil and urea, giving biosurfactant yields of 6.23±0.06 and 6.33±0.10 mg/ml, respectively. The maximum 
rhamnolipid production was 6.40±0.14 mg/ml at C/N (olive oil/ urea) of 30. The highest biosurfactant yield was at pH 7 
(6.37±0.06 mg/ml), with inoculum size 2% (6.29±0.16 mg/ml), and incubation temperature 30ºC (6.18±0.14 mg/ml) and 
after a 312 hrs incubation period (6.30±0.09). The previous investigated nutritional and environmental factors showed 
the highest emulsification activity. The produced rhamnolipid biosurfactant reduced the surface tension of water from 
72 to 34 mN/m. In conclusion, the findings herein demonstrated  that the rhamnolipid biosurfactant production by P. 
balearica can be used during oil hydrolysis.
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INTRODUCTION

Biosurfactants are important materials produced by 
microorganisms and are used in various industries. The 
production of biosurfactants not only depends on the 
producer’s strain but also on the culture conditions. 
Additionally, many parameters affect not only the 

amount of biosurfactant but also the type of product 
produced (salihu et al., 2009). These parameters include 
environmental (pH, temperature, and aeration), and 
nutritional factors (carbon source and nitrogen source). 
It is important to know the suitable nutrients and cultural 
conditions required to achieve higher productivity (reddy 
et al., 2011, el-sersy, 2012). first of all, the carbon 
source plays a vital role in the growth and production 
of biosurfactants by microorganisms. 

The substrates required for biosurfactant generations are 
typically formed of either carbohydrates or hydrocarbons, 
though they can also be used consecutively. sarubbo et al. 
(2007) reported that the maximum yield of sophorolipids 
was obtained from Candida lipolytica when canola oil and 
glucose were used as carbon sources at concentrations 
of 10% for each. The type of carbon substrate used for 
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production has been reported to influence both the 
quality and quantity of biosurfactants (Abouseoud et al., 
2008). Waste cooking oil and coffee wastewater have also 
been used as a carbon source for biosurfactant production 
(yañez-ocampo et al., 2017, Nejad et al., 2020).

Nitrogen is the second most important supplement 
required to produce biosurfactants in microorganisms. 
low nitrogen levels limit bacterial growth, pushing cell 
metabolism towards the production of metabolites. In 
contrast, excessive nitrogen leads to the synthesis of 
cellular material and limits the build-up of products 
(robert et al., 1989, fakruddin, 2012). It has been reported 
that nitrogen limitation enhances biosurfactant production 
(Kim et al., 2006). different nitrogen compounds have 
been used to produce biosurfactants including urea, 
peptone, yeast extract, ammonium sulphate, ammonium 
nitrate, sodium nitrate, meat extract, and malt extracts. 
Additionally, environmental parameters such as pH, 
temperature, and incubation period all influence both 
microbial growth and biosurfactant production. 

In a low pH culture medium, bacteria cannot efficiently 
synthesise biosurfactants (saikia et al., 2012). likewise, 
different microbial processes are affected by even a small 
change in temperature. most biosurfactant producers are 
reported to perform in a temperature range of 25–30ºC 
(desai and Banat, 1997). However, Hmidet et al. (2017) 
found that the production of biosurfactants called 
surfactin and fengycin by Bacillus mojavensis A21 was 
at 20–30oC. As microorganism production rates are 
themselves a function of time, adjustments to the length 
of incubation can radically affect the resultant products. 
The optimum condition for maximum biosurfactant 
productivity in B. brevis was 10 days (mouafi et al., 2016). 
The   growth and biosurfactant formation by B. subtilis 
and B. tequilensis were increased with the incubation 
period which was associated with reduction in surface 
tension (marajan et al., 2018).

The current study estimates the effects of different 
environmental parameters (pH value, temperature, 
inoculum size, and incubation period) and also 
nutritional factors (carbon source, nitrogen source, 
carbon to nitrogen ratio) on biosurfactant production 
by the selected bacterial strain, isolated from oil-
contaminated water from the southern sea-shores of 
Jeddah, saudi Arabia. The emulsification ability and 
decrease in surface tension were also evaluated.

MATERIAL AND METHODS

Isolation and Screening method for biosurfactant 
producing bacteria: The mineral salt medium contained 
1% model hydrocarbon compounds (diesel oil) as the 
sole source of carbon was used for bacterial isolation 
using the method described by motwali et al., (2020). 
After four subcultures, samples were serially diluted 
using sterile saline solution (0.85% NaCl) and spread 
ontonutritional agar plates (Kumar et al., 2016). After 
24 hours’ incubation at 37 0C, the chosen isolates were 
repeatedly purified before preservation in nutrient agar 

slants.The isolated bacterial strains were then screened 
for biosurfactant production using an oil displacement 
test, drop collapse, CTAB assay and surface tension 
measurements, applying the same procedure as described 
by motwali et al. (2020).

Characterisation and Identification of the Selected 
Isolates of Bacteria: The purified isolated bacterial cells’ 
morphological shapes were observed with gram staining 
under a microscope (oil immersion, 100×). The bacterial 
isolate was identified at macrogen, Korea. genomic 
dNA of the selected isolate was extracted according to 
the method described by Asubel et al. (1987). universal 
bacterial primers corresponding to escherichia coli 
positions 27f (5' (AgA gTT TgA TCm Tgg CTC Ag) 
3) and 1492r (5' (TAC ggy TAC CTT gTT ACg ACT T)
3') were used for PCr amplification of the 16s rrNA 
gene.

Microorganism, inocula and production medium: The 
inoculum was prepared by the transferal of1% of the 
fresh bacterial subculture to the production medium. 
The production medium was a mineral salt medium that 
reported before for bacterial isolation containing 1% 
model hydrocarbon compounds (diesel oil) as the sole 
carbon and energy source.

Effects of carbon and nitrogen sources and C/N ratio on 
biosurfactant production: different carbon sources were 
tested to determine the one most suitable for maximum 
biosurfactant production (Table 1). The carbon source 
was added separately to the mineral salt medium at 
approximately 1% concentration. Also, the effect of 
different nitrogen sources was also studied (Table 1) 
and each source was added to the medium at 0.1%. In 
addition, different carbon to nitrogen concentrations 
were investigated (Table1). The C/N ratio was varied 
from 10 to 50 (Kiran et al., 2009; Khopade et al., 2012).   
The effect of different pH of the medium and different 
incubation temperature was determined.  

Factor Range

Carbon source glucose, olive oil, corn 
oil, sunflower oil, mustard oil,
sesame oil, lubricant oil, 
xylene, toluene, and diesel.

Nitrogen source urea, peptone, yeast extract, 
NaNo3, KNo3, and NH4No3.

C/N ratio 10, 20, 30, 40, 50.
pH value 3, 5, 7, 9, 11.
Temperature 20, 25, 30, 35, 37, 40, 45, 50ºC.
Inoculum size 0.5, 1, 2, 3, 4, 5, 6, 7, 8 %.
Incubation period 96, 168, 240, 312hrs

Table 1. Factors considered for the optimisation of 
biosurfactant production by the selected bacterial 
isolate.
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each flask was inoculated with 1% of the pre-culture 
of the selected bacterial isolate (5x106 Cfu/ml) and 
incubated at 120 rpm for 7 days. The impact of changing 
inoculum volume and optimum incubation period on 
biosurfactant production were studied (Table 1). At 
the end of the growth period, emulsification index, 
bacterial dry weight and biosurfactant production were 
determined.

Detection of biosurfactant concentration: At the end 
of the incubation period, the bacterial culture was 
centrifuged at 4500 rpm for 30 min at 4°C. The filtrate 
was used to measure biosurfactant (rhamnolipid) 
concentration using an orcinol assay as the method 
described by Pathaka and Nakhate, (2015). A standard 
curve for 10 mg/ml l-rhamnose (sigma) was prepared. 
measurement of bacterial dry weight: for bacterial 
dry weight measurement, 50 ml of each sample was 
centrifuged at 4500 rpm for 30 min at 4°C and the cell 
pellet was dried in an oven at 70°C for 24 h or until 
recording constant weight.

Detection of biosurfactant activity: The emulsification 
index (eI24) was calculated using the method described 
by gagelidze et al., (2016). The eI24 of culture samples 
was determined by adding 2 ml diesel oil to 2 ml of the 
cell free broth in a test tube (15×15 mm) and vortexed 
at high speed for 2 minutes. Then, it was calculated 
after 24 hours at room temperature using the following 
equation:

eI24= (height of emulsion formed (cm)/ total height of 
solution (cm)) × 100

Measurement of the surface tension: The surface tension 
of the culture supernatant is the most upfront screening 
method of biosurfactant producing microbes. This 
measurement was performed using the du-Nouy-ring 
assay (Carrillo, 1996). The surface tension of the bacterial 
supernatant was then measured at room temperature 
using a tensiometer (Kruss force K6).

drop collapse test. In addition, it was able to spread 
the oil in an oil spreading test by 3.05 ± 0.4 cm and 
to reduce surface tension to 42 mN/m Characterisation 
and molecular identification of the bacterial strain 
selected: The selected bacterial strain was characterised 
as an aerobic gram negative non spore forming bacteria 
(figure1). molecular identification of the selected 
isolate was performed using the genBank BlAsT tool 
on the 16s rrNA gene sequences. It was found that the 
selected bacterial strain was closely related (99%) to P. 
balearica (figure 2). The bacteria accession number is 
Nr_025972.1.

Figure 1 A: Bacterial culture on nutrient agar plate, B: 
Cells of P. balearica under light microscope X1000

RESULTS AND DISCUSSION

Screening the selected bacteria strain for biosurfactant 
production: The selected bacterial strain emb39 was 
screened for its biosurfactant production ability. It 
showed positive activity on both the CTAB assay and 

Figure 2: The phylogenetic tree of the bacterial strain P. 
balearica. Emb39.

Effect of different carbon sources on biosurfactant 
production: The bacterial strain P. balearica was selected 
to determine the effects of different carbon sources on 
biosurfactant production. olive oil provides the greatest 
level of emulsification and greatest quantities of both 
biosurfactant and dry weight of P. balearica cells  
(Table 2 and figure 3).

Carbon source P. balearica
EI 24% Rhamnose DW g/ 

con. mg/ml 50ml

glucose 25±3 3.58±0.4 0.21±0.02
glycerol 0 3.40±0.4 0.17±0.03
olive oil 64±2 6.23±0.06 0.21±0.04
Corn oil 35±2 3.35±0.05 0.19±0.04
sunflower oil 0.0 1.56±0.11 0.18±0.03
sesame oil 0.0 1.40±0.23 0.20±0.03
mustard oil 9.5±2 1.90±0.21 0.14±0.03
Xylene 0.0 1.64±0.24 0.10±0.01
diesel 21±2 3.35±0.06 0.20±0.02
Toluene 0.0 1.64±0.04 0.11±0.01
lubricating oil 0.0 1.52±0.14 0.12±0.02

Table 2. Effect of different carbon sources on EI 24, 
biosurfactant concentration and bacterial dry weight 
(DW).

Effect of different nitrogen sources on biosurfactant 
production: The effect of changing the nitrogen source 
on biosurfactant production was also investigated. It 
is clear from Table 3 that using urea as the medium’s 
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nitrogen source provided optimum results in all the 
three measured parameters. likewise, ammonium 
nitrate (NH4No3) was similarly suitable for biosurfactant 
production (Table 3 and figure 4). urea as a nitrogen 
source gave anemulsification index of 57±2.3%.

a nitrogen source (urea). The ultimate eI24 for diesel oil 
by P.balearica was recorded when the C/N ratio was 30  
(Table 4). likewise, the highest biosurfactant (rhamnolipid) 
concentration produced by this strain also occurred at a 
C/N ratio of 30 (Table 4 and figure 5). A strong negative 
correlation (-0.82) apparent between C/N ratio and 
biosurfactant concentration.

Figure 3: Effect of different carbon source on 
biosurfactantproduction

Nitrogen source P. balearica
EI 24% Rhamnose DW g/ 

con. mg/ml 50ml

yeast extract 0 2.40±0.22 0.23±0.02
Peptone 0 2.40±0.31 0.27±0.04
urea 57±2.3 6.33±0.10 0.27±0.03
NaNo3 0 2.7±0.31 0.19±0.02
KNo3 0 2.30±0.20 0.17±0.05
NH4No3 51±2.3 6.20±0.07 0.22±0.04

Table 3. Impact of different nitrogen sources on 
biosurfactant concentration, EI24, and bacterial dry 
weight (DW).

Figure 4: Effect of different nitrogen source on biosurfactant 
production.

Effect of different C/N ratios on biosurfactant production: 
A carbon source (olive oil) suitable for the tested strain 
was added to the production medium with different 
concentrations, along with aconstant concentration of 

C/Nratio P. balearica
EI 24% Rhamnose Bacterial  

con. mg/ml DW g/50ml

10 43±5 6.05±0.09 0.24±0.04
20 44±7 5.93±0.12 0.27±0.02
30 60±4 6.40±0.14 0.25±0.05
40 46±5 4.79±0.23 0.25±0.02
50 14±2 2.97±0.12 0.17±0.04

Table 4. Outcome of different carbon/ nitrogen ratios 
on biosurfactant concentration, EI24, and bacterial dry 
weight (DW).

Figure 5: The effect of different C/N ratio on biosurfactant 
concentration.

pH P. balearica
EI 24% Rhamnose Bacterial  

con. mg/ml DW g/50ml

3 0.0 0.75±0.08 0.02±0.01
5 0.0 1.25±0.04 0.08±0.03
7 57±6 6.37±0.06 0.27±0.04
9 0.0 1.81±0.20 0.19±0.04
11 0.0 0.80±0.10 0.08±0.04

Table 5. Effect of different pH values on biosurfactant 
concentration, EI24, and bacterial dry weight (DW).

Effect of initial pH value on biosurfactant production:  
The pH of the production media for the tested strain was 
adjusted to different values, with amaximumrecorded 
emulsification index for diesel oil at pH 7 (Table5). 
similarly, the highest biosurfactant production (6.37±0.06 
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mg/ml) as showed in figure 6, and highest bacterial 
cell dry weight (0.27±0.04 g/50 ml) were recorded at 
pH 7 (Table 5). The correlation between biosurfactant 
concentration and pH is only weakly positive (+0.04).

and Table 6). for bacterial cell dry weight, the highest 
value was at 37ºC (Table 6). Based on the correlation 
results, there appears to be a low negative correlation 
(-0.02) between incubation temperature and biosurfactant 
concentration.

Effects of changing the inoculum size on biosurfactant 
production: effect of various inoculum sizes on 
biosurfactant concentration was studied. The results in 
table (7) indicate that the greatest emulsification index 
for diesel oil, bacterial cell dry weight and the highest 
biosurfactant production occurred with an inoculum 
size of 2% (figure 8). statistical analysis showed weak 
negative correlation (-0.45) between inoculum size and 
biosurfactant production.

Figure 6: Effect of different pH values on biosurfactant 
production by P. balearica.

Temperature (oC) P. balearica
EI 24% Rhamnose DW g/ 

con. mg/ml 50ml

20 0 1.52±0.12 0.13±0.02
25 13±2 2.17±0.30 0.18±0.04
30 67±6 6.35±0.14 0.22±0.06
35 53±2 6.00±0.17 0.24±0.04
37 61±6 6.18±0.14 0.27±0.04
40 59±5 5.96±0.20 0.21±0.03
45 0 2.75±0.08 0.13±0.03
50 0 0.75±0.03 0.11±0.02

Table 6. Results of different incubation temperatures 
on biosurfactant concentration, EI24 and bacterial dry 
weight (DW).

Figure 7: Effect of temperature on biosurfactantproduction 
by P. balearica.

Effects of different incubation temperatures on 
biosurfactant production: The effect of incubation 
temperature on biosurfactant production was determined. 
The maximum emulsification index for diesel oil (67±6 
%) and the highest biosurfactant production (6.35±0.14 
mg/ml) with P.balearica were occurred at 30ºC (figure 7 

Inoculum size% P. balearica
EI 24% Rhamnose Dry weight

con. mg/ml g/50ml

0.5 0 2.31±0.08 0.13±0.02
1 46±6 6.14±0.15 0.19±0.02
2 62±2 6.29±0.16 0.17±0.02
3 52±4 4.47±0.17 0.19±0.03
4 42±5 4.23±0.04 0.14±0.03
5 37±5 3.71±0.14 0.13±0.02
6 32±4 3.39±0.09 0.15±0.03
8 18±2 2.75±0.07 0.15±0.04

Table 7. Effect of inoculum size on biosurfactant 
concentration, EI24, and bacterial dry weight.

Figure 8: Effect of different inoculum size on biosurfactant 
concentration.

Effects of different incubation periods on biosurfactant 
production: P. balearica was incubated in the production 
medium with suitable selected nutritional factors for 
different time periods. The best diesel oil emulsification 
index, highest biosurfactant production, and highest 
bacterial cell dry weight were recorded after 312 hours 
(Table 8, figure 9). The results show a strongly positive 
correlation (0.78) between incubation and biosurfactant 
production.

The optimum carbon and nitrogen sources were olive 
oilandurea, respectively. The best C/N ratio was 30 and 
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optimummedium pH was 7.  The used inoculum size was 
2%, incubation temperaturewas 30ºC and incubation time 
was 312 hrs.  At the previous optimum temperature, the 
supernatant surface tension was reducedto 34 mN/m in 
comparison with distilled water (74 mN/m).

isolates showed positive results for drop collapse test 
indicated the occurrence of biosurfactant.

The results also show that the selected bacterium emb 39 
has positive activity on CTAB agar test which considered 
as evidence of rhamnolipid-production (Verma et al., 
2006). The application of quantitative techniques such 
as surface activity measurement corroborates and 
adds confidence to the previously offered qualitative 
assessments. The screened bacterial strain in the current 
study was able to reduce surface tension to 42±0.3 
mN/m, which reveals the ability of this strains to produce 
surface-active molecules. These results are in accordance 
with previous reports and sharma et al., (2015), eslami 
et al., (2020) which   have suggested a direct relationship 
between the production of surface-active compounds 
and a reduction in surface tension. The selected bacterial 
strain isolated from an oil-contaminated marine 
environment was identified as P. balearica. 

marine bacteria are halo tolerant and can produce 
novel metabolites, such as biosurfactants to live in such 
habitats. strains that belong to genus Pseudomonas are 
the greatest biosurfactant producers (sharma et al., 2015). 
The present finding is  also in consistent with those of 
Nejad et al. (2020) who proved that P. balearica is a 
biosurfactant producing bacteria.

According to Noh et al., (2014) the most important factors 
in increasing biosurfactant yield is the solubility of the 
carbon source in the culture medium. for instance, palm 
oil and diesel, as insoluble carbon sources, generally 
produce more rhamnolipids in comparison with water-
soluble carbon sources such as glucose. It has been 
shown that the highest biosurfactant concentration was 
produced by P. balearica when olive oil was used as 
the carbon source. Almatawah (2017) and Tan and li 
(2018) noted the suitability of olive oil as a substrate for 
biosurfactant production.

recently, sun et al., (2021)  have indicated that the highest 
biosurfactant yields were obtained by Pseudomonas sp. 
using plant oils such as olive oil, soybean oil, and 
peanut oil as carbon sources. However, the current result 
disagrees with Wu et al. (2008) who reported a lower 
biosurfactant yield from P. aeruginosa using olive oil 
than that from glucose and glycerol. moreover, using 
olive oil as a carbon source gave the highest emulsion 
stability. ezebuiro et al. (2019) concluded that the 
biosurfactant produced with olive oil showed a high 
emulsification index. Wasoh et al., (2017) observed 
emulsification activity against diesel ranging from 55- 
60 % by P. aeruginosa when sunflower oil was used as 
a carbon source. Additionally, the highest biosurfactant 
concentration was obtained using urea or NH4No3 as 
nitrogen sources. Also, Adamczak and Bednarski (2000) 
found that urea and ammonium salts are optimum 
nitrogen reservoirs for biosurfactant production. Prieto 
et al., (2008) reported urea as a best nitrogen source 
for biosurfactant production by P. aeruginosa with 
emulsification index about 60 while and saikia et al., 

hours P. balearica
EI 24% Rhamnose Dry weight  

con. mg/ml g/50ml

96 0 1.67±0.04 0.13±0.03
168 49±2 6.16±0.13 0.23±0.02
240 56±4 5.42±0.23 0.20±0.03
312 63±2 6.30±0.09 0.23±0.03

Table 8. Effect of different incubation periods on 
biosurfactant concentration, EI24, and bacterial dry 
weight.

Figure 9: Effect of different incubation period on 
biosurfactant concentration

The isolation of bacterial strains with biosurfactant 
producing capabilities from sites subject to oil 
contamination has been undertaken across the globe, 
including P. aeruginosa sg from Xinjiang oil field, China 
(Zhao et al., 2016), B. subtilis mg495086 oil reservoir in 
Assam, India (Balan et al., 2017) ochrobactrum anthropi 
Hm-1 and Citrobacter freundii Hm-2 from engine oil 
contaminated soil in egypt (datta et al., 2018) and 
both P. aeruginosa and klebsiella quasivariicola from 
oil contaminated sea shores in Jeddah, saudi Arabia 
(Ibrahim, 2018). This indicates the presence and suitability 
of distinct biosurfactant producing microorganisms 
across numerous geographical oil contaminated locations 
(motwali et al., 2020).

Assessing oil displacement and droplet collapse allow for 
rapid screening of a bacteria’s efficacy as a biosurfactant 
producer. The strain presented herein was able to create 
over 2 cm spread in an oil displacement test (3.0 ± 0.4) 
and form flat drop in a drop collapse assay. The present 
value of oil displacement test was higher than that 
observed by sharma et al., (2019) who recorded a value 
of 1.5 ± 0.3 cm by some screened bacterial strains. The 
present result of dropcollapse assay is in accordance 
with Vaijayanti (2020) who found that all tested bacterial 
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(2012) Alyousif et al., (2020) reported NaNo3 as the 
best nitrogen source for biosurfactant production by P. 
aeruginosa.

The C/N ratio is known to be a vital factor influencing 
the performance of bacteria in rhamnolipid production 
(santos et al., 2002). The highest biosurfactant production 
and emulsification index for P. balearica in this study 
was obtained at a C/N ratio of 30, while the least yield 
was recorded at a ratio of 50. Negative correlation (-0.82) 
was recorded between the C/N ratio and biosurfactant 
concentration, which agrees with the results of onwosi 
and odibo (2012). Heryani and Putra (2017) reported that 
the C/N ratio of 12.4 was optimum for the production 
of a biosurfactant by Bacillus sp. and resulted in the 
highest decrease in surface tension.  Khopade et al. (2012) 
indicated that lower value of C/N ratio (C/N= 20) was 
improved the emulsification activity by nocardiopsis 
sp.

The current research found that the best production of 
biosurfactant and emulsification activity by P. balearica 
was at pH 7, with weak positive (+0.04) correlation 
detected between pH and biosurfactant concentration. 
This finding is in agreement with fouda et al. (2016) who 
observed that the subsequent increase in pH from 8–10 
was followed by a decrease in biosurfactant productivity 
in P. aeruginosa and B. cereus. similarly, maximum 
biosurfactant from mutated strain of B. subtilis and 
Pseudomonas sp. was obtained at pH 7 (Kannahi and 
sherley, 2012, onwosi and odibo 2012, Alyousif et al., 
2020).

However, elazzazy et al. (2015) reported the maximum 
biosurfactant production by Virgibacillus salaries 
was achieved at pH 9. The optimum temperature of 
operation for P. balearica is reported to be 30 °C which 
was in accordance with Chander et al. (2012). Patil et 
al. (2014) reported maximum biosurfactant production 
was at 30 0C while the best inoculums size was 2%  
(roy et al., 2017). Hema et al. (2019)  have indicated 
that the optimum growth and emulsification activity 
for Planococcus sp. was 48 hours of incubation and that 
emulsification activity decreased by further incubation. 
After optimisation of the biosurfactant production of 
P.balearica, surface tension was measured to confirm 
the effect of the selected optimum conditions on 
biosurfactant activity. The results showed a decrease in 
surface tension which is  in accordance with the data of 
Asgher et al., (2020).

CONCLUSION

marine environments polluted with oil contain 
microorganisms able to produce surface-active agents 
(biosurfactant). P. balearica was the most active isolate 
and the use of olive oil and urea as carbon and nitrogen 
sources, pH 7, inoculum size 2% and incubation 
temperature at 37ºC temperature for 312 hr enhanced 
biosurfactant production.
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