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Abstract
Objectives:  The current study aimed to investigate the impact of different nutritional factors and growth conditions on biosurfactant 
production by bacterial isolates (EMB16 and EMB21) isolated from oil-contaminated soil samples. 
Methods:  Based on the used quantitative and qualitative screening method in current study, the selected bacterial isolates showed a high 
potential to produce biosurfactant. 
Results:  By using 16S rRNA sequence analysis, the bacterial isolates EMB16 and EMB21 were found to be closely related to Pseudomonas 
mendocina and Pseudomonas oleovorans, respectively. The ultimate yields of biosurfactant (8.06 ± 0.06 mg/ml) by Ps. mendocina EMB16 
was with corn oil as a carbon source, urea as a nitrogen source, C/N ratio of 30, pH value of 7, and 2% inoculum size. For Ps. oleovorans 
EMB21, the maximum biosurfactant production (4.68 ± 0.14 mg/ml) was achieved by diesel oil as a carbon source, urea as a nitrogen 
source, C/N ratio of 30, pH of 7, and 5% size of inoculum. The best incubation period and temperature for the examined strains was 168 hrs. 
at 37°C. 
Conclusion:  The results proved that Ps. mendocina EMB16 was the most efficient biosurfactant producer as it showed the greatest amount 
of biosurfactant concentration and lowest value of surface tension measurement with an emulsification index of 67 ± 6%.
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Introduction
Microorganisms are able to biosynthesize secondary metabo-
lite and they may play critical roles in their growth. Biological 
surface-active molecules are an example of such metabolites. 
Biosurfactant are of great importance for microorganisms’ 
structural, functional diversity and broad-spectrum applica-
tions.1 Although Biosurfactant producing microorganisms 
were isolated from different environments, they were normally 
present in the oil debased soil.2 In such oil contaminated envi-
ronment, biosurfactant production by microorganisms facili-
tate emulsification of the hydrocarbons.3 To isolate interesting 
biosurfactant producing microbes, effective screening analysis 
should be employed. Several authors have reported that a 
single screening method is insufficient to select excellent bio-
surfactant producers.4–6 The production of biosurfactant by 
microorganisms are depends on various factors such as carbon 
source, nitrogen source, carbon to nitrogen ratio, pH, temper-
ature, agitation, and oxygen availability.7 Diverse metabolic 
pathways are involved in the synthesis of precursors for bio-
surfactant production, and this depend on the nature of the 
main carbon sources employed in the culture medium.8 The 
current research aimed to investigate the effect of different 
nutritional factors and growth conditions on biosurfactant 
production by selected bacterial isolates EMB16 and EMB21 
which isolated from oil-contaminated soil collected from 
southern seashores in Jeddah, Saudi Arabia.

Methodology

Isolation and Screening 
To isolate biosurfactant producing bacteria, the enrichment 
method was applied using the procedure that described 

previously by Motwali et al., (2020). Number of quantitative 
and qualitative methods were used to screen the biosurfactant 
production ability of bacterial isolates. According to technique 
reported by Motwali et al., (2020), Drop collapse and CTAB 
assay was used as qualitative method, while oil displacement 
test and surface tension measurement was utilized as a quanti-
tative one.9

Morphological Characterization and Molecular 
Identification
The morphological characterization and molecular identifica-
tion of the purified selected bacterial isolates EMB16 and 
EMB21 were determined by using the method reported by 
Motwali et al., (2021).10 

Effects of Different Nutritional Factors and 
Growth Conditions on Biosurfactant Production
A mineral salt medium containing 1% diesel oil as the sole 
carbon and energy source was used as a production medium.11 
The structure of the used production medium was (g/l): 20 of 
NaCl, 2.0 of KH2PO4, 1.0 of NH4NO3, 3.0 of Na2HPO4, 0.7 of 
MgSO4.7H2O. Then, one ml/l of the trace element solution was 
added to the mineral salt medium. The trace element solution 
composition was (mg/L): ZnSO4.7H2O, 10; CuSO4.5H2O, 0.50; 
MnSO4.H2O, 0.50; CaCl2, 20; FeCl3, 30, after which the solu-
tion was adjusted to pH 7.0.12 After that, the production 
medium was inoculated with 1% of selected bacterial subcul-
ture (bacterial OD was 1.34 ± 0.02 at 600 nm). In order to 
examine the impact of nutritional factors on biosurfactant 
production, the production medium was supplemented with 
different carbon source (glucose, glycerol, corn oil, olive oil, 
sunflower oil, sesame oil, mustard oil, xylene, diesel, toluene, 
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or lubricating oil), nitrogen sources (yeast extract, peptone 
urea, NaNO3, KNO3, or NH4NO3) at ratio of C/N (10, 20, 30, 
40 or 50). Range of growth parameters were also investigated 
such as pH value (3, 5, 7, 9 or 11), temperature (20–50°C), 
inoculum size (0.5–7%), and incubation periods (96, 168, 240 
or 312 hrs.). The concentration of the produced biosurfactant 
in bacterial supernatant was done indirectly by using orcinol 
assay by using the approach reported previously by Motwali  
et al., (2021).10

Detection the Activity of the Produced 
Biosurfactant
After incubating the chosen bacterial culture under proper 
nutritional factors and growth conditions, emulsification 
index (EI24) and surface tension measurement of bacterial 
supernatant were calculated. Emulsification index (EI24) 
was determined by applying the same procedure as described 
by Gagelidze et al., (2016).13 Surface tension measurement 
was done at room temperature using a tensiometer (Kruss 
Force K6).

Statistical Analysis
Statistical analysis was performed using the Statistical Package 
for Social Sciences version 24.0 for Windows (SPSS Inc., 
Armonk, NY, USA). Kruskal-Wallis test was carried out to 
identify a significant of responses to study nutritional factors 
and growth parameters. 

Result

Screening the Selected Bacterial Isolates for 
Biosurfactant Production
The selected bacterial isolates EMB16 and EMB21 showed 
positive activity on qualitative screening methods CTAB assay 
and drop collapse test. Furthermore, they were able to spread 
the oil in an oil spreading test by more than 2.00 cm diameter 
as shown in (Figure 1a). Also, they were able to reduce surface 
tension to <45 mN/m (Figure, 1b).

Morphological Characterization and Molecular 
Identification
The selected bacterial isolates EMB16 and EMB21 were char-
acterised as an aerobic gram negative non spore forming bac-
teria. Molecular identification of the selected isolates was 
performed using the GenBank BLAST tool on the 16S rRNA 
gene sequences. The selected bacterial isolate EMB16 was 
closely related (98.71%) to Pseudomonas mendocina under 
accession number MK 640833.1 whereas EMB21 was closely 

related (99.73%) to Pseudomonas oleovorans with accession 
number MK078535.1 and phylogenetic trees are shown in  
Figures 2 and 3. 

Effects of Different Nutritional Factors and 
Growth Conditions on Biosurfactant Production
 T﻿he effect of different carbon sources on biosurfactant produc-
tion by chosen strains Ps. Mendocina EMB16 (MK640833.1) 
and Ps. oleovorans EMB21 (MK078535.1) are shows in Table 1 
and Figure 4. It is clear from table that corn oil provides the 
greatest significant amount of biosurfactant concentrations 
(7.85 ± 0.2 mg/ml) by Ps. mendocina EMB16 (MK640833.1). 
Furthermore, the production of biosurfactant by Ps. Mendocina 
EMB16 was also significantly and sensitively increased with 
glycerol (7.48 ± 0.5 mg/ml), glucose (7.15 ± 0.7) and olive oil 

Table 1.  The effect of different carbon sources on biosurfactant 
(rhamnolipid) concentration produced by Ps. mendocina EMB16 
and Ps. oleovorans EMB21

Carbon source Ps. mendocina EMB16 Ps. oleovorans EMB21

Glucose 7.15 ± 0.7*S3 3.45 ± 0.2*S4

Glycerol 7.48 ± 0.5*S3 2.55 ± 0.4S

Olive oil 7.45 ± 0.1*S3 2.76 ± 0.3S

Corn oil 7.85 ± 0.2*S4 2.75 ± 0.3S

Sunflower oil 5.03 ± 0.3 1.77 ± 0.3R*

Sesame oil 5.16 ± 0.4R 2.69 ± 0.4 

Mustard oil 2.46 ± 0.4R* 2.37 ± 0.2R

Xylene 1.99 ± 0.2R* 1.44 ± 0.03R*

Diesel 5.45 ± 0.4S 4.24 ± 0.11**S4

Toluene 2.04 ± 0.3R* 1.53 ± 0.14R*

Lubricating oil 1.95 ± 0.3R* 1.53 ± 0.2R*

 Highest value, *, Significant regard Kruskal-Wallis test; **, Significant 
adjusted using Bonferroni; S, Sensitive (increasingly affect); number above 
value1-5, number of pairwise comparisons; R, Resistance (decreasingly affect). 

Fig. 1  a) Result of oil displacement test and b) Result of surface 
tension measurement of chosen bacterial isolates EMB16 and  
EMB 21.

Fig. 2  The phylogenetic tree of Pseudomonas mendocina EMB16.

Fig. 3  The phylogenetic tree for Pseudomonas oleovorans EMB21.
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Table 2.  The effect of different nitrogen sources on biosurfac-
tant (rhamnolipid) concentration produced by Ps. mendocina-
EMB16 and Ps. oleovorans EMB21

Nitrogen source Ps. mendocina
(EMB16)

Ps. oleovorans
(EMB21)

Yeast extract 6.60 ± 0.33*S1 3.44 ± 0.08R*

Peptone 6.18 ± 0.22R* 2.20 ± 0.13R*

Urea 8.06 ± 0.05**S3 4.44 ± 0.11**S4 

NaNO3 6.23 ± 0.30R* 4.00 ± 0.20*S1

KNO3 3.10 ± 0.16R* 3.10 ± 0.16R*

NH4NO3 7.64 ± 0.31*S1 4.26 ± 0.23*S3 

 Highest value, *, Significant regard Kruskal-Wallis test; **, Significant 
adjusted using Bonferroni; S, Sensitive (increasingly effect); number above 
value1-5, number of pairwise comparisons; R, Resistance (decreasingly effect).   

Fig. 4  The effect of different carbon to nitrogen ratio on biosur-
factant (rhamnolipid) concentration produced by the two chosen 
Pseudomonas species. 

Fig. 5  The effect of changing pH on biosurfactant concentration 
produced by the two selected Pseudomonas species.

(7.45 ± 0.1 mg/ml). For Ps. Oleovorans EMB21 (MK078535.1), 
among different investigated carbon source diesel and glucose 
result in greatest significant biosurfactant concentration (4.24 ± 
0.11 and 3.45 ± 0.2 mg/ml respectively). The amount of biosur-
factant by examined Pseudomonas species with mustered oil, 
toluene, xylene and lubricating oil was significantly decreased. 

After the selection of suitable carbon source for each 
examined bacterial isolates: Ps. mendocina EMB16 
(MK640833.1) and Ps. oleovorans EMB21 (MK078535.1), the 
effect of different nitrogen sources on biosurfactant produc-
tion were also investigated. The recorded result suggests that 
the highest biosurfactant concentration was noted with urea 
or ammonium nitrate NH4NO3 as a nitrogen source in the 
production media for all tested bacterial strains as shown in 
Table 2. Statically, biosurfactant production by Ps. mendocina 
EMB16 also was significantly improved with yeast extract, 
while with NaNO3 for Ps. oleovorans EMB21.

Effects of Different C/N Ratios on Biosurfactant Production

A suitable carbon source for each tested Pseudomonas species 
was added to the production media with different concentra-
tions, along with a constant concentration of a selected 
nitrogen source (Urea). The greatest biosurfactant concentra-
tions obtained by Ps. mendocina EMB16 (7.80 ± 0.07 mg/ml) 
and Ps. Oleovorans EMB21 (4.26 ± 0.06 mg/ml), were recorded 
at C/N ratio of 30 (Figure 4). The result of statistical analysis 
showed that the C/N ratio of 10 and 20 also lead to an increase 
in the production of biosurfactant by Ps. mendocina EMB16. 
Similar performance was observed for Ps. oleovorans EMB21 
by C/N ratio of 10.

The pH of the production media for the tested Pseu-
domonas species was adjusted to different values. It is clear 
from Figure 5 that the highest significantly biosurfactant yield 
by the examined Pseudomonas species was at natural condi-
tion (pH 7) and the lowest was at acidic conditions (pH of 3). 
For Ps. mendocina EMB16, the biosurfactant concentration 
was also significantly improved at pH 9 whereas for Ps. oleo-
vorans EMB21 at pH 5. 

After optimisation experiments for proper nutritional 
factors and pH value, the effect of incubation temperature also 
determined. The maximum significantly biosurfactant yield  
by Ps. mendocina EMB16 and Ps. Oleovorans EMB21 
(MK078535.1) was 8.19 ± 0.16 and 4.07 ± 0.10 mg/ml, respec-
tively, at 37ºC (Figure 6). In addition, the production of 

biosurfactant by examined bacterial strains significantly aug-
mented at temperatures of 35 and 40ºC. 

Several inoculum size of Ps. Mendocina EMB16 and Ps. 
Oleovorans EMB21 were studied. The results represented in 
Figure 7 indicated that, the highest significantly biosurfactant 
production by Ps. mendocina EMB16 was 8.11 ± 0.05 mg/ml 
was at 2.0% inoculum size. Moreover, the result of statistical 
analysis indicated that the biosurfactant yield at 1.0, 4.0 and 
5.0% inoculum size were not significantly differed. Though, 
for Ps. oleovorans the best significantly biosurfactant yield was 
4.84 ± 0.23 mg/ml with 5.0% inoculum size. At inoculum size 
of 6 and 5%, no significant differed was found. 

Fig. 6  The impact of different incubation temperature on  
biosurfactant concentration produced by the chosen  
Pseudomonas species.
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shown to be able to use hydrocarbons (diesel oil) as their sole 
carbon source. Supplementation of the isolation medium by 
hydrocarbon as a sole carbon source to isolate biosurfactant 
producing bacteria from oil contaminated environments was 
reported by many researchers.14–17  

In terms of screening the biosurfactant producing ability 
of bacterial isolates EMB16 and EMB21, there are many dis-
tinct procedures that can be used, both qualitative and quanti-
tative types. As reported by Satpute et al. (2008), more than 
one screening method should be used in the primary screening 
for the biosurfactant producers.4 In present study, drop- 
collapse test and CTAB agar assay as a qualitative investigates 
have been applied. As quantitative screening method, oil dis-
placement test and surface tension measurement have been 
used. The bacterial isolates EMB16 and EMB21 in current 
study showed positive activity in the used qualitative methods 
this indicated they could be producing biosurfactant. Droplet 
collapses allow for speedy screening of a bacteria’s efficacy as a 
biosurfactant producer. Mostly, this assay has been applied 
several times for screening purposes by many researchers.18-20 

Fig. 7  The effect of different inoculum sizes on biosurfactant 
concentration produced by chosen Pseudomonas species. Fig. 8  The effect of different incubation time on biosurfactant 

(rhamnolipid) concentration produced by selected Pseudomonas 
species.

Table 3.  The best nutritional factors and growth conditions 
for each tested Pseudomonas species, the amount of produced 
biosurfactant, the recorded emulsification index and surface 
tension value

Factor Ps. mendocina 
EMB16

Ps. oleovorans 
EMB21

Carbon source Corn oil Diesel oil

Nitrogen source Urea Urea

C/N ratio 30 30

pH value 7 7

Temperature (°C) 37 37

Inoculum size (%) 2 5

Incubation period (hrs.) 168 168

Yield of biosurfactant (mg/ml) 8.06 ± 0.06 4.68 ± 0.14

Surface tension (N/m) 31.6 ± 0.6 42 ± 1.0 

Emulsification index % 67 ± 6 60 ± 8

The two tested bacterial strains Ps. mendocina EMB16 
and Ps. oleovorans EMB21 were incubated for different time in 
the production medium with suitable selected nutritional fac-
tors and environmental parameter. The highest significantly 
biosurfactant amount by chosen Pseudomonas species, were at 
168 hrs. or 7 days of incubation period (Figure 8). Further-
more, the lowest value of biosurfactant concentration for bac-
terial strains was observed at 96 hrs. of incubation period. The 
production of biosurfactant by Ps. oleovorans was maximum at 
312 hrs. of incubation. 

The Activity of the Produced Biosurfactant
The production media were prepared with selected nutritional 
factors and growth conditions for each bacterial strain Ps. 
mendocina EMB16 and Ps. oleovorans EMB21 (Table 3). After 
incubation period, the emulsification index EI24 and surface 
tension measurement for each bacterial supernatant Ps. men-
docina EMB16 and Ps. oleovorans EMB21 were investigated. 
The result indicated that Ps. mendocina EMB16 recorded the 
lowest value (31.6 ± 0.6 mN/m) in decrease the surface tension 
in comparison with Ps. oleovorans EMB21 (42 ± 1.0 mN/m). 
For emulsification index EI24, Ps. mendocina EMB16 and Ps. 
oleovorans EMB21 were able to emulsify diesel oil by 67 and  
60 %, respectively. It has been observed that the highest signif-
icantly biosurfactant concentration was reported for Ps. men-
docina EMB16 (8.06 ± 0.06 mg/ml) in comparison with Ps. 
oleovorans EMB21 (4.68 ± 0.14 mg/ml). This finding suggested 
that Ps. mendocina EMB16 could produce large amount of 
biosurfactant (glycolipid), reduce the surface tension to less 
than 35 mN/m) and emulsify diesel oil by more than 50%. The 
statistically analysis indicates that Ps. mendocina EMB16 was 
the efficient biosurfactant producing Pseudomonas isolate.

Discussion
The present research was aimed to produce surface-active 
material from bacteria isolated from oil polluted samples. The 
oil contaminated soil samples were collected from southern 
shores of Jeddah city, Saudi Arabia. Isolation of bacteria which 
have capability to produce biosurfactant was done by enrich-
ment culture method, which minimal medium was supple-
mented with hydrocarbon (diesel oil) as a sole carbon source. 
The selected bacterial isolates EMB16 and EMB21 have been 
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The Cetyltrimethylammonium bromide (CTAB) agar or blue 
agar assay is a specific screening method for anionic biosur-
factants. It is used for the detection of glycolipid-type biosur-
factant production by the bacterial colonies in the culture 
plate directly.21 In present investigation, dark bluish ring result 
that detected on CTAB agar by the supernatant of the bacterial 
isolates EMB 16 and EMB21 reveal the ability of anionic bio-
surfactant production by these selected bacterial isolates. This 
is in accordance with Nayarisseri et al., (2019) who found that 
4 bacterial isolates belonging to Pseudomonas sp. and Bacillus 
sp. showed positive activity in CTAB test that confirmed exist-
ence of an anionic biosurfactant.22

The oil displacement test is a rapid quantitative method to 
test the presence of biosurfactant in the cell free culture broth. 
In addition, this method can detect even low activity and 
quantity of biosurfactant present. In this study, bacterial iso-
lates EMB16 and EMB21 showed spreading the crude oil by 
more than 2.5 cm diameter. The result suggests the presence of 
biosurfactant. The present value of oil displacement test is 
lower than that obtained by Ibrahim, (2018) who detected a 
diameter > 5.0 cm of oil displacement test by screened bacte-
rial isolates Ochrobactrum anthropi HM-1 and Citrobacter fre-
undii HM-2.5 Oil displacement test was used often for 
biosurfactant production screening purpose by researchers.23,24

To further confirm the ability of bacterial isolates EMB16 
and EMB21 to produce biosurfactant, the cell free culture 
broths of the selected isolates were subjected to surface tension 
measurement. Surface tension measurement is an important 
quantitative assay for evaluating surface activity of the tested 
isolates. The reduction in surface tension values achieved by 
the selected isolates EMB16 and EMB21 was <45 mN/m. This 
finding suggests the biosurfactant production ability by these 
examined isolates. In addition, the current value of surface 
tension was higher than that observed by Ahmad et al., (2016), 
Sun et al., (2018) and Ibrahim, (2018).5,14,25 They found a 
decrease in surface tension to less than 40 mN/m by different 
tested biosurfactant producing isolates.

Molecular identification for isolated bacteria was done by 
used 16S rRNA. Generally, 16S rRNA gene sequencing is an 
effective tool that has been used to identify bacteria and to find 
relationships between different bacterial genera. The 16S 
rDNA sequence of the selected isolates EMB16 and EMB21 
has been submitted to the Genbank database under the acces-
sion number MK640833.1 and MK078535.1, respectively. The 
results of 16S rDNA sequence using the Genbank BLAST tool 
proved that the isolates EMB16 and EMB21 were belong to 
genus Pseudomonas. The bacterial isolate EMB16 showed 
98.71% similarity to Pseudomonas mendocina, while EMB21 
showed 99.73% similarity to Pseudomonas oleovorans. Number 
of previous investigators used 16S rRNA gene sequencing to 
identify biosurfactant producing bacteria.15,16,26

The biosurfactant producing bacteria isolated from oil 
contaminated environment that belong to Pseudomonas sp. 
was reported by previous researchers.9,27–29 Commonly, bacte-
rial isolates that belong to genus Pseudomonas are the greatest 
biosurfactant producers.30 There are not many studies about 
biosurfactant produce ability by Pseudomonas mendocina and 
Pseudomonas oleovorans. In contrary, different investigations 
study the production of biosurfactant from different Pseu-
domonas spices such as: Pseudomonas aeruginosa,31–33  
Pseudomonas nitroreducens,34 Pseudomonas fluorescens,35 
Pseudomonas putida36 and Pseudomonas balearica.10

Distinct nutritional factors and growth parameters were 
selected to investigate their effect on biosurfactant production 
by chosen isolates Ps. mendocina EMB16 and Ps. oleovorans 
EMB21. In the culture medium, carbon source played impor-
tant role in increasing biosurfactant yield according to Noh  
et al., (2014).37 The significant highest yield of biosurfactant 
from Ps. mendocina EMB16 was 7.85 ± 0.2 mg/ml with corn 
oil as a type of plant oil. On the other hand, the ultimate bio-
surfactant concentration (4.24 ± 0.11 mg/ml) for Ps. Oleo-
vorans EMB21 was observed with diesel oil. For Ps. mendocina 
same trend was observed by Pseudomonas sp. with plant oil as 
a carbon by researchers (Motwali et al., 2021 and Sun et al., 
2021).10,38 Inversely, Onwosi and Odibo (2012) noted that the 
yield from diesel oil was higher than vegetable oil.39 The sim-
ilar trend was observed with diesel oil as a carbon source in 
present study by Ps. oleovorans EMB21.

Since nitrogen sources play a vital role in the production 
of biosurfactant, effect of different nitrogen sources on biosur-
factant production were studied. The current study found the 
highest significant biosurfactant concentration produced by 
Ps. mendocina EMB16 (8.06 ± 0.05 mg/ml), and Ps. oleovorans 
EMB21 (4.44 ± 0.11 mg/ml) were when urea was utilised as a 
nitrogen source in the production medium. As well, Ps. men-
docina EMB16 and Ps. oleovorans EMB21 were able to pro-
duce higher biosurfactant concentration (7.64 ± 0.31 and 4.26 
± 0.23, mg/ml, respectively) with NH4NO3 among tested 
nitrogen sources. This in agreement with Motwali et al., (2021) 
who found that urea or NH4NO3 were the suitable nitrogen 
source for biosurfactant production by Ps. balearica.10 The 
present result also is agreeing with Alyousif et al., (2020) who 
found that urea was a best nitrogen source for biosurfactant 
production by Ps. aeruginosa.40

The C/N ratio also affects the production of biosur-
factant by bacterial isolates. The highest biosurfactant pro-
duction for the two examined Pseudomonas species (Ps. 
mendocina: 7.80 ± 0.07 and Ps. oleovorans: 4.26 ± 0.06 mg/
ml) were obtained at a C/N ratio of 30. At the C/N ratio above 
30, the bacterial isolate Ps. mendocina also recorded higher 
amount of biosurfactant. Less than C/N ratio of 30 (around 
20) was found to be suitable for biosurfactant production by 
members of Pseudomonas sp.41 In contrary, above C/N ratio 
of 30 was observed to be proper for biosurfactant production 
by Ps. aeruginosa.42 Additionally, Prieto et al., (2008) proved 
that a nitrogen-limiting condition (C/N ratio of 100) was 
favorable to biosurfactant production by Ps. aeruginosa 
LBM10.43

It is essential to define the suitable pH value for biosur-
factant production by tested Pseudomonas isolates. The cur-
rent research found that the best production of biosurfactant 
by Ps. mendocina EMB16 and Ps. oleovorans EMB21 was at 
pH 7. It is worth noting that, increasing the pH above 7 results 
in a decrease in biosurfactant production by the tested Pseu-
domonas isolates. This finding is approximately in the same 
trend with Sun et al., (2021), who found that the pH 7–8 was 
optimal for biosurfactant production by Pseudomonas sp.38 
Also, they found pH >8 and pH <7 result in dropped in bio-
surfactant production by Pseudomonas sp. Similarly, max-
imum amount of biosurfactant from mutated strain of Bacillus 
subtilis was obtained at pH 7.44 The result of present research is 
unagreed with Kannahi and Sherley (2012) who reported that 
a maximum level of biosurfactant production by Pseudomonas 
sp. was below pH 7.45
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Generally, optimization temperature has a significant 
impact on the enzyme activity and metabolic rate of the micro-
bial isolates. In this investigation, the optimum temperature for 
maximum biosurfactant production by Ps. Mendocina EMB16 
and Ps. Oleovorans EMB21 were 8.19 ± 0.16 and 4.07 ± 0.10  
mg/ml, respectively at 37°C. The bacterial isolates were also able 
to produce a high significantly biosurfactant concentration at 
temperature of 35 and 40ºC. The result of the current study is 
nearly in agreement with Yaraguppi et al., (2020) who found 
that the incubation temperature of 35–40°C resulted in a great 
biosurfactant yield by Bacillus aryabhattai strain ZDY2.46 
Overall, increase in a temperature above 40°C led to decrease in 
biosurfactant yield by the two tested Pseudomonas isolates. 
Same trend was obtained previously by Soniyamby et al., (2011) 
for the biosurfactant production by Ps. aerogenesis.47

The inoculum size also plays important role in biosur-
factant production by microbial isolates since it is related to 
the number of microbial cells in a used inoculum. Optimal 
inoculum size means optimal number of bacterial cells for 
bacterial reproduction and different bacterial activity. The 
present investigation obtained a great biosurfactant concen-
tration by Ps. Mendocina EMB16 (8.11 ± 0.05 mg/ml), Ps. Ole-
ovorans EMB21 (4.84 ± 0.23 mg/ml) with inoculum size of 2.0 
and 5.0%, respectively. Silva et al., (2018) found that 3.0% 
inoculum size was the best for biosurfactant.48 However, an 
inoculum size 4–5% was reported to be optimal for biosur-
factant (rhamnolipid) production.49

The optimum incubation time for biosurfactant produc-
tion by Ps. Mendocina EMB16 (8.06 ± 0.06 mg/ml) and Ps. 
Oleovorans EMB21 (4.68 ± 0.14 mg/ml) was at 168 hrs. Nearly, 
the result herein agrees with the finding of Alyousif et al., 
(2020) who reported that the greatest biosurfactant concentra-
tion by Ps.aeruginosa was after 144 hrs. of incubation period.40 
The present finding is contradicting the study of Devaraj et al., 
(2019) who found that the maximum yield obtained by Pseu-
domonas mosselii was at 96 hrs.50 

After optimization the production medium, the surface 
tension of the culture supernatant of Ps. mendocina EMB16 
and Ps. oleovorans EMB21 at the end of the incubation period 

(169 hrs.) was 31.6 ± 0.6 and 42 ± 1.0 mN/m, respectively. 
Peekate and Abu (2017) recorded a surface tension value of 
30.64 mN/m after optimization the production medium by Ps. 
fluorescens.35 Other than, Motwali et al., (2021) achieved a 
reduce in surface tension by Ps. balearica to 34 mN/m by using 
optimum nutrational and growth condition for biosurfactant 
production.10 The result of emulsification index EI 24% bio-
surfactant by Ps. mendocina EMB16 and Ps. oleovorans EMB21 
showed emulsification activity by ≥60%. This amount is higher 
than that reported by Abouseoud et al. (2008) who recorded 
an emulsifying activity of 49% by Ps. fluorescens with olive oil 
as the best carbon source.51 The highest biosurfactant concen-
tration and the lowest surface tension value was achieved by 
Ps. mendocina EMB16 in present research. The statistically 
analysis indicates that, the Ps. mendocinawas significantly the 
efficient biosurfactant producing Pseudomonas isolates. It is 
worth mention that Ps. oleovorans although it showed activity 
on emulsification index >50 it recorded surface tension >40 
with low biosurfactant (rhamnose sugar) concentration. So, 
Ps. oleovorans EMB21 could be able to produce a bioemulsifier 
beside biosurfactant. According to Uzoigwe et al., (2015), 
bioemulsifiers have emulsifying activity more than surface 
activity (lower the surface tension).52

Conclusion
The current research concludes that the nutritional factors and 
growth conditions play critical role in the biosurfactant pro-
duction. The study proved that bacterium Ps. mendocina 
(EMB16) isolated from oil contaminated soil was efficient bio-
surfactant producing bacterium. It was remarked that corn oil 
as a carbon source, urea as a nitrogen source, C/N ratio of 30, 
2% inoculum size at 37°C for 186 hrs. of incubation period 
provides the best biosurfactant production by Ps. mendocina 
EMB16. This Pseudomonas species can be employed further 
for larger biosurfactant production. Since the produced bio-
surfactant by Ps. mendocina EMB16 showed emulsifying and 
surface activity, it can be applied in bioremediation, in indus-
trial and medical application. 
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