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ABSTRACT
Thirty bacterial strains were isolated from soils contaminated with hydrocarbons in the north west of Algeria, and
tested for biosurfactants production in a nutrient broth supplemented with olive oil using drop collapsing, oil
displacement, emulsification activity (E24) and measurement of the surface activity. S1PS2, S7PS5 and S9PS2
strains were the best three producers and were selected to optimize the production (S1PS2 : E24 = 56.32 ± 1.95%, Ø
= 5.733 ± 0.35 cm and %Reduction = 30.17 ± 0.12, S7PS5 : E24 = 43.38 ± 0.07%, Ø = 8.3 ± 0.10 cm and %Reduction =
31.23 ± 0.01, S9PS2 : E24 = 44.27 ± 0.26%, Ø = 8.66 ± 0.05 cm and %Reduction = 32.00 ± 0.13). After optimization,
S7PS5 shows the optimal of rhamnolipids production with the following composition: 100 ml of nutrient broth, 1%
of olive oil and 1% of inoculums, with shaking at 75 rpm/min at room temperature, for an incubation period of 22 h,
and it was selected for an identification using API 20NE system and 16S rDNA sequencing which allowed the link
S7PS5 to the genus Pseudomonas and showed 98.84% of similarity with Pseudomonas aeruginosa LMG
1242T/Z76651 as the closest specie.
Keywords: Hydrocarbons, biosurfactants, emulsification activity, rhamnolipids Pseudomonas aeruginosa.
_____________________________________________________________________________________________
INTRODUCTION
Surfactants are amphiphilic molecules that consist of a hydrophilic head and a hydrophobic tail [1]. Biosurfactants
are environmentally friendly, biodegradable, less toxic and non hazardous, they have better foaming properties and
higher selectivity and due to their amphiphilic structure, they increase the surface area of hydrophobic water
insoluble substances, increase the water bioavailability of such substances and change the properties of the
bacterial cell surface [2]. Pseudomonas is a large group of bacteria colonizing the soil, plants and water. These
Gram negative bacteria, non spore-forming, are obligating aerobic, with the exception of some that can use the NO3
as the final electron acceptor. Their mobility is ensured by several polar flagella; they have a mesophilic and chemoorganothorphe metabolism, mostly saprophytic [3].
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Fig. 1 Chemical structure of rhamnolipids [1]

Pseudomonas aeruginosa produces an extracellular glycolipid surfactant called rhamnolipids [4] and composed of
β-D-(β-D-hydroxyalkanoyloxy) alkanoic acids (HAA) (primarily β-hydroxydecanoyl-β-hydroxydecanoate)
derivatized with one or two rhamnose sugars [5] (Fig. 1).
Potential applications of biosurfactants in cosmetic, food, healthcare, pulp and paper processing, coal, ceramic, and
metal industries have been conceived. Even more promising are applications considering the cleaning of oil
contaminated tankers, oil spill removal, transportation of crude oil, recovery of crude oil from soil, facilitated oil
recovery as well as bioremediation of sites contaminated with hydrocarbons, heavy metals and other pollutants [6].
EXPERIMENTAL SECTION
2.1. Sampling
12 soil samples were collected at three sampling sites polluted by hydrocarbons in the north west of Algeria
(Mascara, Saida and Al-Bayadh); about 50 g of soil was collected in sterile bags for each one.
2.2. Isolation strategy
2.2.1. Isolation of Pseudomonas aeruginosa strains
The isolation of Pseudomonas aeruginosa begins with enrichment, environmental samples were inoculated at a
rate of 1 g of soil in tubes containing 9 ml of sterile nutrient broth [7]. Inoculated tubes were incubated at 42 °C
for 24 h. 0.1 ml from enrichment tube was placed on Cetrimide agar and incubated at 42 °C for 24 h [8].
Colonies producing blue-green or yellow-green pigment, revealed under UV at 366 nm were picked and purified
three times on Cetrimide medium at 42 °C for 24 h.
2.2.2. Screening assays for potential biosurfactant producing strains
2.2.2.1. Inoculums preparation
After purification, bacterial suspensions were prepared for each isolate in sterile nutrient broth, their O.D was
adjusted at 0.5 Mc.Farland at 600 nm to bring them under the same conditions of initial biomass (106 cell / ml), in
order to select the most effective strains.
2.2.2.2. Culture medium inoculation
All isolates were grown in sterile nutrient broth [9] containing 2% of olive oil as the best carbon substrate [10].
Each 250 ml Erlenmeyer flask containing 100 ml of the culture medium is inoculated with 1 ml of inoculum prepared
in advance, and stirred at 75 rpm at room temperature for 48 h, biosurfactants are recuperated in the supernatant
after centrifugation at 9000 g for 15 min [11].
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2.3. Biosurfactants producing tests
2.3.1. Drop collapsing
The screening for biosurfactants production was conducted using the test of collapse [12], a supernatant drop of
each isolate was placed on the surface of a glass slide covered with a thin layer of oil. After 1 min, supernatant of the
culture that led to the collapse of the drop is shown as a positive result, and the drops remaining with the beads
are marked as negative results.
2.3.2. Oil displacement
In a Petri dish, 15 µL of crude oil are placed on the surface of 40 ml of sterile distilled water, then; 10 µL of
supernatant of each culture was slightly put on the oil film surface. After 30 s, diameter of the clear halo is measured
under visible light [13].
2.3.3. Emulsification activity
4 ml of supernatant was added to 4 ml of soybean oil [14] and vortexed vigorously for 2 min. The emulsification
index (E24) was estimated after 24 h, as follows:
(%) =

× 100

HEL: Height of emulsion layer, HS: Height of total liquid column.
2.3.4. Surface activity measurements
To study the surface activity of the biosurfactants produced by the different isolated strains, supernatants of each
sample were measured for surface tension using a tensiometer. Measurement of surface tension was carried out
according to the Du Nouy ring method [15] at room temperature after dipping the ring plate in the solution for a
certain time to reach the equilibrium conditions. For the instrument calibration, the surface tension of pure water was
measured. The measurement is repeated at least three times, and an average value was used to express the surface
activity of each sample.
Biosurfactant surface activity is expressed as a reduction percentage of the surface tension reduction by the
following equation:
% surface tension reduction =

(ɣ − ɣ )
ɣ

× 100

ɣm is the surface tension of the medium as prepared, ɣc is the surface tension of the supernatant.
2.4. Culture medium and growth conditions for biosurfactants production
Selection of the performing three strains was done by comparing the oil displacement diameters (cm), emulsions
indexes (E24) and percentages of surface tension reduction for each strain.
2.4.1. Optimizing the olive oil amount
The culture medium used for biosurfactants production was optimized by varying the olive oil amount from 1 to
5% (v / v) in the broth culture. Then, the culture medium was incubated at room temperature in a shaking incubator
at 75 rpm. After 48 h, bacteria were removed by centrifugation at 9000 g for 15 min [11], reduction percentages
measures of surface tension are performed for each used olive oil concentration. The optimum amount of olive oil
for biosurfactants production is used for further optimization.
2.4.2. Inoculums optimization
2.4.2.1. Growth kinetics
A preculture of each strain was performed on nutrient broth and incubated at 30 °C for 24 h, then a loop fool each
culture is used to inoculate an Erlenmeyer flask containing 100 ml of nutrient broth, each flask is incubated at room
temperature with shaking at 75 rpm. Microbial growth was studied as a function of culture time by measuring
the culture medium absorbance, after each 2 h using a 600 nm UV spectrophotometer. From graphic layout of the
microbial concentration versus time, the best culture time for the inoculum preparation was determined.
2.4.2.2. Optimizing the inoculums amount
In order to find the appropriate amount of inoculum for biosurfactants production, an inoculum of each
strain was prepared using the best culture time obtained in advance, and by varying the inoculum amount from 1
to 5% (v/v), and transferred into 100 ml of culture medium, containing the optimum amount of olive oil, then,
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the culture was incubated at room temperature, with shaking at 75 rpm for 48 h. After that, reduction percentages
measures of surface tension are performed for each used inoculum concentration.
The optimum inoculum amount for biosurfactants production is used for further optimization.
2.5. Identifying the most efficient strain
After isolation, colonies producing blue-green diffuse pigment aspects and gram colorations were done, the obtained
rods gram negative bacteria were tested for oxidase production, this positive test due to this enzyme presence related
the colonies to the genus Pseudomonas.
2.5.1. API 20NE (Non Enterobacteriaceae)
Based on biochemical substrates degradation, API 20NE (Biomérieux, France) system is a rapid frequently used
method for identifying. This method is suitable to identify Gram-negative bacilli at the species level by evaluating
the profile of 21 different biochemical reactions. API 20NE stripes were incubated at 30 °C for 24 h and the results
were performed by the Bacterial identification Program [16].
2.5.2. Molecular characterization and phylogenetic analysis
2.5.2.1. Extraction and PCR amplification of 16S rDNA
The most powerful strain was cultured at 30 °C for 24 h with stirring (250 rpm) in a 500 ml Erlenmeyer
containing 100 ml of TSB medium. DNA was extracted according to the method described by Liu et al. (2000)
[17].
16S rDNA fragment was amplified by PCR (Polymerase Chain Reaction) using an invitrogen kit and two primers:
10-30F (5'-GAG TTT GAT CCT GGC TCA-3 ') and 1500R (5'-AGA AAG GAG GTG CAG ATC CC-3 ').
A reaction volume of 50 µl was prepared by mixing 5 µl of 10x PCR buffer (10 mM of Tris-HCl, 50 mM of KCl,
pH 9.0 at 25 °C), 1.5 mM of MgCl2, 200 mM of each dNTP, 100 pM of each primer, 2µl of DNA solution and
1.25 U of polymerase enzyme. To evaluate the reaction, an horizontal agarose gel (2.4%) electrophoresis of the
PCR product was performed. 16S rDNA amplification was carried out on a Stratagene Robo Cycler Gradient.
2.5.2.2. 16S rDNA sequencing
DNA sequencing was done at Beckman Coulter Genomics (United Kingdom).
The applied primers were the same pair of primers used to amplify 16S rDNA, 10-30F (5'-GAG TTT GAT CCT
GGC TCA-3 ') and 1500R (5'-AGA AAG GAG GTG CAG ATC CC-3 ').
Phylogenetic identification of neighboring was first carried out by the program BLASTN [18]. The best sequences
with the highest scores are selected for the calculation of "pairwise sequence similarity" using the global alignment
algorithm located at the EzTaxon-e server [19] (http://eztaxon-e.ezbiocloud /; [19]). Phylogenetic analysis and
molecular evolution were performed using software included in the package MEGA version 6.0 [20].
16S rDNA sequence of the most powerful strain was aligned to the "ClustalW" program [21], 15 corresponding to
the closest taxa nucleotide sequences were retrieved from the results in Blast EZ Taxon-e (Files in FASTA format).
Distances calculation of the evolution matrix and the algorithm of the "Neighbor-Joining" were generated [22] and a
phylogenetic tree was prepared which enabled the construction of the topology of the tree evaluated by the bootstrap
test [23].
2.6. Statistical analysis
Presented results were the average values of three determinations (All experiments data are expressed in terms of
arithmetic averages obtained from at least three replicates) and the standard deviations for all measurements were
less than 5%, the analysis were done using XLSTAT software, version 2014.3.01 (Adinosoft).
RESULTS AND DISCUSSION
3.1. Isolation of Pseudomonas aeruginosa strains
Cetrimide agar is a medium for promoting pigmentation, it is King A supplemented with nalidixic acid and
tétradonium bromide (Cetrimide) that inhibit the Gram positive growth, leaving advantage to Pseudomonas sp.,
Pseudomonas aeruginosa is characterized by two pigments production: blue green pigment (pyocyanin) and
yellow green pigment (pyoverdin) [7].
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30 environmental strains with fluorescent pigments were isolated, identified, purified and conserved on glycerol
broth at –80 °C.
Cetrimide agar is a medium for promoting pigmentation, it is King A supplemented with nalidixic acid and
tétradonium bromide (Cetrimide) that inhibit the Gram positive growth, leaving advantage to Pseudomonas sp.,
Pseudomonas aeruginosa is characterized by two pigments production: blue green pigment (pyocyanin) and
yellow green pigment (pyoverdin) [7].
30 environmental strains with fluorescent pigments were isolated, identified, purified and conserved on glycerol
broth at –80 °C.
Cetrimide agar is a selective medium for Pseudomonas isolation, the use of Cetrimide was advocated by
Lowbury in 1955 [24]. Nalidixic acid blocks DNA replication of sensitive bacteria [25]. Magnesium chloride and
potassium sulfate promotes pyocyanin production [26] and grown in iron limiting conditions, Pseudomonas
produces yellow green fluorescent siderophores called pyoverdins [27].
3.2. Biosurfactants producing tests
3.2.1. Drop collapsing
In absence of biosurfactants, a drop of water applied to a hydrophobic surface, form a pearl because polar
molecules of water are repelled from hydrophobic surface, but if the water drop contains biosurfactants, the latter
falls and spread over the blade [28]. Interfacial tension between water droplet and hydrophobic surface is
reduced in biosurfactants presence, resulting in the spread of the water drop on hydrophobic surface [29].
Presented results, show biosurfactants presence in all tested supernatants.
3.2.2. Oil displacement
The oil displacement is closely related to biosurfactants presence in the supernatant of the tested bacteria
[30], clear halos diameters are function to the biosurfactants amount present in supernatant of each sample. All
tested strains showed a positive result for oil displacement with different diameters (Fig. 2).

Diametre of the clear halo (Cm)
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4
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Fig. 2 Comparison of clear halos diameters due to biosurfactants of the different strains

Biosurfactants have two different polarities, and there density is less than water, so they float to the surface for the
oil displacement test, micelles have a greater affinity for water then oil, therefore, they will return in competition
with the latter to the surface occupation. If the oil volume was higher than that of biosurafactant, this latter is adsorbed
at the water / oil interface [31], but because of the very small volume of oil, its hydrophobic molecules will move
leaving the surface to biosurfactant molecules.
3.2.3. Emulsification activity
Biosurfactants increase apparent solubility of hydrophobic molecules by t r a p p i n g them in a pseudohydrophobic
phase formed by micelles [32]. All tested supernatants solubilize the oil and form pseudohydrophobic phase,
emulsion indexes (E24) varies according to the biosurfactants concentration (Fig. 3).
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Fig. 3 Comparison of emulsion indexes of the different strains

Micelles are formed when hydrophobic portions unable to form hydrogen bonds in aqueous phase, unite and move
towards the center leaving the hydrophilic portions outward; agitation provided by vortex was made to isolate
hydrophobic molecules of oil, and trapping them inside micelles [33].
3.2.4. Surface activity measurements
Surface tension of the different cultures supernatants was measured function to biosurfactants concentration
excreted in order to compare the surface activities of all isolates (Fig. 4). Surface tension of the nutrient broth (5.66
mN / m) is rapidly decreased as the biosurfactant concentration increased.
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Fig. 4 Comparison of percentages reduction of surface tension of the different strains

Biological surfactants produced by Pseudomonas aeruginosa strains showed a reduction of the surface tension of
pure water from 72 to 30% with a CMC ranging from 5 to 200 mg / l, depending on their components [34]. It is
clear that the highest surface activity (32.00%) is proportional with the lowest surface tension (3.85 mN / m).
3.3. Selection of the most efficient strains
Table 1 Values of emulsion indexes (%), clear halos diameters (cm) and reduction of surface tension (%) for S1PS2, S7PS5 and S9PS2
strains
Strain
S1PS2
S7PS5
S9PS2

Emulsion index (%)
42,26 ± 0,25
43,38 ± 0,07
44,27 ± 0,26

Clear halos diameters (cm)
7,93 ±
0,23
8,3 ± 0,10
8,66 ± 0,05
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According to the obtained results (Table 1), bacteria that have shown significant potential for biosurfactants
production are bacteria with maximum values of percentage reduction of the surface tension, of oil displacement and
emulsion index (E24). Strains S1PS2, S7PS5 and S9PS2 are the best biosurfactants producers.
3.4. Culture medium and growth conditions for the production of biosurfactants
3.4.1. Optimizing the olive oil amount
Olive oil concentration in the nutrient broth was varied from 1 to 5%. As shown in Figure 5, the best biosurfactants
performance is obtained with 1% olive oil in the different cultures and represented by percentage reducing of surface
tension which is 29.41 ± 00% for S1PS2, 38.35 ± 0.13% for S7PS5 and 35.23 ± 0.03% for S9PS2.
Reduction of surface tension (%)
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Fig. 5 Effect of the olive oil amount on percentages reduction of surface tension of S7PS5, S9PS2 and S1PS2 strains

Therefore, in a nutrient broth with 1% olive oil is selected as a suitable culture medium for the next experiments of
biosurfactants production for the three selected bacteria with S7PS5 strain that gave the best rate of biosurfactants
production for this olive oil concentration.
3.4.2. Inoculums optimization
3.4.2.1. Growth Kinetics
Growth kinetics of S1PS2, S7PS5 and S9PS2 strains were studied to find the best time for an inoculum culture
preparation, it is time taken for each bacterium to enter in exponential phase; the three strains were monitored for 52
h by measuring their absorbance at 600 nm every 2 hours at room temperature. From Figure 6, S1PS2 reached the
exponential phase after 24 h of culture, S7PS5 reached exponential phase after 22 h and finally S9PS2 reaches that
after 26 h. S7PS5 strain has the shorter lag and acceleration phases and is therefore best suited to this medium.
2.5

O.D at 600 nm

2

1.5

S1PS2
S7PS5

1

S9PS2
0.5

0
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 49 50 51 52

Cultivation time (H)
Fig. 6 Growth kinetics of S1PS2, S6PS5 and S9PS2 strains in nutrient broth at room temperature with shaking at 75 rpm / min.
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Consequently, selected time to prepare inoculum culture is 22 h for S7PS5, 24 h for S1PS2 and 26 h for S9PS2 ; this
is time to reach the exponential stage and where the growth rate is maximum and stable.
3.4.2.2. Optimizing the inoculums amount
Inoculum amount in the nutrient broth was varied from 1 to 5% (v / v). The best performance biosurfactants
production is obtained with 1% inoculum used in the different cultures (Fig. 7) and represented by the percentage
reducing of surface tension which is 37.17 ± 0.14% for S1PS2, 42.17 ± 0.07% for S7PS5 and 36.88 ± 0.06% for
S9PS2.
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Fig. 7 Effect of the inoculum amount on percentages reduction of surface tension of S7PS5, S9PS2 and S1PS2 strains

Therefore, nutrient broth inoculated with 1% microbial culture was selected as the most appropriate concentration
for biosurfactants production by the three selected strains.
Cell number of bacteria less than the best will probably not lead to better production, but when cells number is
high, they use all the culture medium compounds for their growth, which leads to culture medium depletion
without achieving the desired metabolite production. The most powerful strain is S7PS5 and gave the best rate of
poucentage reducing of surface tension which is 42.17 ± 0.07%
3.5. Identification of the most powerful strain
3.5.1. API 20NE
S7PS5 macroscopic and microscopic study are identical to those obtained by Palleroni in 1984 on Pseudomonas
aeruginosa [35]. The Bacterial Identification Program suggests that S7PS5 strain is a Pseudomonas aeruginosa with an
identification score of 0,99.
3.5.2. 16S rDNA sequencing
16S rDNA sequence has long been used as a taxonomic gold standard in determining the phylogenies of bacterial
species [36], it has been used to detect and differentiate Pseudomonas species.
The 16S rDNA sequence (810 bp) of strain S7PS5 has been deposited in the GenBank data library and has been
assigned the accession number KR349493 and allowed the link S7PS5 to the genus Pseudomonas. Alignment of this
sequence by the blast showed 98.84% of similarity with Pseudomonas aeruginosa LMG 1242T/Z76651 as the closest
specie. Other Pseudomonas species have lower percentages of similarity, situated between 97.54 and 95.86%,
Figure 8 shows on the dendrogram, phylogenetic position of the S7PS5 strain.
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Pseudomonas anguilliseptica NCIMB 1949T/X99540
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Pseudomonas stutzeri ATCC 17588T/CP002881

Pseudomonas alcaligenes LMG 1224T/Z76653
Pseudomonas guangdongensis SgZ-6T/JX274436
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Pseudomonas resinovorans LMG 2274T/Z76668
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Pseudomonas otitidis MCC10330T/AY953147
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Azorhizophilus paspali ATCC 23833T/AJ308318

85
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Fig. 8 Phylogenetic tree based on sequence analysis of 16S rDNA and showing the relationships between S7PS5 and and the other similar
species. Note: The numbers at the nodes indicate "bootstrap" levels (As a percentage of 1000 re-sampling). The bar indicates 0.005
substitutions per nucleotide position

CONCLUSION
We have designed an isolation assays that provide rapid, simple, and reliable identification of P. aeruginosa. These
assays should serve as a useful adjunct in the evaluation of rhamnolipids producing bacteria. Three types of
microorganisms were isolated from soil contaminated by hydrocarbons in the north west of Algeria. Rhamnolipids
production was made using a nutrient broth supplemented with olive oil as the best carbon source. To study
microbial growth, drop collapsing, oil displacement, emulsification tests and surface activity measurements were
performed. It was found that S7PS5 strain could grow in the culture medium better than the other strains resulting in
a shorter culture time for biosurfactant production and a higher yield of rhamnolipids, 16S rDNA sequencing proved
the Pseudomonas aeruginosa producing biosurfactants isolation strategy.
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