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ABSTRACT

Biosurfactants are valuable microbial amphiphilic molecules (consisting of molecules having a polar water-soluble group attached to a waterinsoluble hydrocarbon chain) with effective surface-active and biological properties applicable to several industries and processes. In recent
years, natural biosurfactants had attracted attention because of their low toxicity, biodegradability and ecological acceptability. Two Bacilli
species were tested for their abilities to produce biosurfactants by measuring their emulsification activity, emulsification index, oil displacement
test, drop collapse and spreading over the blood agar plates. Also, the effects of different carbon and nitrogen sources, as well as, pH and
inoculum size were examined as factors affecting the surfactants biosynthesis. Results showed that both Bacilli isolates can produce
biosurfactant by using waste frying oil as a carbon source and peptone as a nitrogen source. There was an effect for different factors used in the
production of biosurfactants showed by two isolates. Both Bacilli isolated were identified by 16s rRNA as Bacillus subtilis and Bacillus
megaterium.
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INTRODUCTION
The surface-active compounds (surfactants) are commonly used in many industries, they are chemically synthesized; they are widely used in
almost every sector of recent industry [1]. Most of these surfactants are petroleum based and are chemically synthesized. However, the leading
trend towards using environmental friendly technologies has enhanced the search for biodegradable compounds of natural origin.
Microorganisms are being increasingly investigated as cell factories for the production of various chemicals and materials from renewable
resources due to their growing concerns in limited fossil resources. Microbial fermentation products derived from readily available, renewable,
and inexpensive raw materials will competitively replace some of the products traditionally derived from non-renewable resources [2].
Biosurfactants are therefore the natural choice for such processes as they possess a host of advantages over synthetic surfactants, such as lower
toxicity, biodegradability, specificity of action, simplicity of preparation, extensive applicability and effectiveness at a wide range of pH and
temperature values [3]. The expansion in environmental carefulness has led to serious consideration of biological surfactants as the most
promising alternative to existing product [4]. Moreover, they can be used as moistening agents, dispersing agents, emulsifiers, foaming agents,
beneficial food elements and detergents in many industrial regions such as: organic chemicals, pharmaceutical, cosmetics, beverages and foods,
metallurgy, mining, petroleum, petrochemicals, biological control and management and many others [5]. Biosurfactants have also many
advantages rather than those of synthetic ones. They have the abilities to reduce superficial and interfacial tension reduction between solids,
liquids and gases. Interest in their potential applications by various industries has recently increased significantly, particularly because of their
environmental friendly nature and sustainability also, bioavailability, structural diversity, specific activity at extreme salinity, temperatures and
pH [6,7].
The Gram-positive Bacillus species are non-pathogenic and free of exotoxins and endotoxins, safely used in foods. They are widely used for the
production of industrially important biochemical. Because their efficient genetic manipulation and highly developed systems-level, they are
considering as promising candidates as heterologous hosts [8].
In the present work, Bacillus isolates viz. Bacillus MG13 and Bacillus MG20 are tested for their ability to produce biosurfactants under the effect
of different carbon and nitrogen sources. As well as, pH and inoculum size were examined as factors affecting the surfactants biosynthesis.
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MATERIALS AND METHODS
Biosurfactants production
Seed inoculum preparation
A loop for each bacterial isolate was inoculated into 50 ml of nutrient broth medium in a 250 ml conical flask and incubated on a rotary shaker at
28°C; 200 rpm for 16-18 h up to O.D. became 0.100 at 600 nm. The biosurfactant production was performed in 250 ml conical flasks containing
100 ml of the modified Mckeen medium inoculated with 10% (v/v) from each bacterial isolate. The modified Mckeen medium composed of
2.5% of soy bean or petroleum oil, 0.25% monosodium glutamate, 0.3% yeast extract, 0.1% MgSO 4. 7H2O, 0.1% K2HPO4, 0.05% KCl and 0.1%
(v/v) of trace elements solution (g/100 ml distilled water): 0.64 g MgSO 4. 7H2O, 0.16 g CuSO4.5H2O, 0.015 g FeSO4.7 H2O, pH 7.0) [9]. The
flasks were incubated on a rotary shaker at 28°C, with 150 rpm for 96 h.
Biosurfactant activity tests
Biosurfactants produced by each isolate was purified from the culture supernatants prepared by centrifuging the culture broth at 12000 rpm for
30 min at 4°C. The emulsification activity of the supernatant of bacterial isolates as well as the pure aqueous solution of biosurfactants (0.1 g
biosurfactant in 50 ml distilled water) was tested by using two methods.
Emulsification activity test
Two ml of cell free supernatant were added into screw-capped tubes containing 2 ml of distilled water. The solution was mixed with 1 ml of a
substrate (soybean or diesel oils), then after a vigorous vortex for 2 min, the tubes were allowed to stand for 1 h to separate aqueous and oil
phases, before measuring the absorbance at 540 nm [10]. Aqueous phase was removed carefully and O.D. at 540 nm was measured and
compared with un-inoculated broth used as negative control. Emulsification activity was defined as the measured optical density at 540 nm.
Assays were carried out in triplicates.
Emulsification index (E24%) test
Two ml of cell free supernatant and 2 ml of diesel oils were added to a screw cap tubes and vortex at high speed for 2 min to be a mixture. The
mixtures were incubated at room temperature for 24 h. The emulsion index (E 24%) was then calculated from the ratio of the height of the
emulsion zone to the total height of the oil, emulsion and aqueous zones [11].
Screening assays for potential biosurfactants producing isolates
Both tested Bacilli isolates were assayed qualitatively using different methods namely oil displacement test, drop collapse and hemolytic
activity.
Oil displacement test
In the oil spreading technique developed by Morikawa et al. [12], 30 ml of distilled water was poured in a Petri dish to which 1 ml of
coconut/sesame oil was added to the center. 20 𝜇l of the culture supernatant obtained from the bacterial broth was added on top of the oil layer.
The Petri dishes were closely observed for a zone of displacement in the oil, and the diameter of displacement was measured.
Drop collapse test
In order to test whether produced biosurfactant was able to decrease the surface tension between water and hydrophobic surfaces, the ability to
collapse a droplet of water was tested as follows: 25 µl of extracted biosurfactant was pipetted as a droplet onto parafilm; the flattening of the
droplet and the spreading of the droplet on the parafilm surface was followed over seconds or minutes. Subsequently, methylene blue (which had
no influence on the shape of the droplets) was added to the water stain and allowed to dry and the diameter of the dried droplet was recorded
[13].
Hemolytic activity
Isolates were screened on blood agar plates containing 5% (v/v) sheep blood and incubated at 37°C for 48 h. Hemolytic activity was detected as
the presence of a clear zone around bacterial colonies [14].
All the experiments were done in triplicate.
Optimization of some factors for proper biosurfactant production
Effect of using different carbon sources on production of biosurfactant
Mineral Salt Medium (MSM) medium was supplemented by different organic carbon sources; there were waste frying oil, diesel oil, kerosene
and petrol by 2% (v/v) concentrations. Each Erlenmeyer 250 ml flask containing 50 ml of MSM medium supplied with one carbon source, then
inoculated with 10 ml broth of each of the isolated Bacilli (OD 1.0 at 600 nm) and incubated on a rotary shaker operated at 150 rpm for 72 h The
cells were removed by centrifugation rpm and supernatant was used for emulsification activity and emulsification index (E24%) [14].
Effect of different nitrogen sources
The effect of nitrogen sources on biosurfactant production was investigated by adding 2% of NH 4NO3, NH4Cl, urea and peptone to mineral salt
medium. The incubation was carried out on a shaker with 150 rpm at 30°C for 3 days. The cells were removed by centrifugation and supernatant
was used for emulsification activity and emulsification index (E24%).
Effect of inoculum size on biosurfactants production
In the production of the biosurfactants using the studied bacterial strains, the inoculum size inoculated to the production medium was adjusted to
furthermore inoculum size concentration from 2.5 to 10% (v/v).
Effect of pH
In 250 ml Erlenmeyer flasks containing 50 ml sterile Makeen medium supplied by the best sources of both carbon and nitrogen that were
obtained in above studies.
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The medium was adjusted at different PH values at 5, 7 and 9 and it was inoculated with starter culture by 10% bacterial inoculum concentration
and incubated for 3 days at 30°C. The cells were removed by centrifugation and supernatant was used for estimation of emulsification activity
and emulsification Index (E24%).
Identification of Bacillus isolates
PCR amplification for the 16S r RNA gene for the different bacteria
16S rRNA primers were used for amplification of the conserved region 16S rRNA gene according to Youssef et al. [15] based on E. coli
genome. Primers were supplied by MWG, Germany. PCR amplifications were carried out in a total volume 25 µl containing 2.5 × 10 µl buffer,
2 µl 25 mM MgCl2, 2 µl 2.5 mM dNTPs, 1 µl 10 pmol of each 27F and 1492R primers (Table 1), 1 µl 50 ng of genomic DNA and 0.2 µl
TaqDNA polymerase (5 units/µl). PCR amplification was performed in a thermal cycler (Eppendorf) programmed for one cycle at 95°C for 5
min. Then 34 cycles were performed as follows: 1 min at 95°C for denaturation, 1 min at 55°C for annealing and 2 min at 72°C for elongation.
Reaction mixture was then incubated at 72°C for 10 min for final extension and stored at 4°C.
DNA sequence and sequence analysis of 16S r RNA amplicones
The amplified PCR amplicones of the 16S r RNA gene (1500bp) were cut from the agarose gel and purified using the agrose DNA purification
kit (Qiagene, Germany). The purified fragments were subjected to DNA sequencing using the automated DNA sequencer (Macrogen Company,
Korea). The sequence analysis was performed using NCBI database and the obtained DNA nucleotide sequences were submitted to gene bank to
get the accession numbers.
RESULTS AND DISCUSSION
Biosurfactant activity and emulsification index (E24%)
Results in Table 1 and Figure 1 showed that both Bacilli strains were able to produce biosurfactants due to its emulsification activity and
emulsification index. The emulsification activity and emulsification Index observed were 1.980, 53% respectively in case of Bacillus MG20
while they were 1.850 and 49% respectively in case of Bacillus MG13. Biosurfactants are extracellular macromolecules produced by bacteria,
yeast, and fungi and, in particular, by natural and recombinant bacteria when grown on different carbon sources. Specifically, the Bacillus
species is well known for its ability to produce lipopeptides type biosurfactants with potential surface-active properties when grown on different
carbon substrates [16]. Among the potential biosurfactant producing microbes, Bacillus species are known to produce cyclic lipopeptides
including surfactants, iturins, fengycins and lichenysins as the major classes of biosurfactants [14].
Table 1: Emulsification activity and emulsification index of Bacillus strains
Bacterial strain
Bacillus MG20
Bacillus MG13

Emulsification activity (OD at 540 nm)
1.95
1.85

Emulsification index (E24%)
48
49

Figure 1: Emulsification index of Bacilli isolates

Screening assays for potential biosurfactants producing isolates
The screening of biosurfactants producing bacteria was carried out using hemolytic activity, oil collapse and oil spreading techniques. Selection
of these methods was due to their strong advantages including simplicity, low cost, quick implementation and use of relatively common
equipment that is accessible in almost every microbiological laboratory; however, as expected, these methods are not perfect or flawless [14].
Oil displacement technique
To the concentration of the biosurfactant produced by the both Bacillus strains, the petri dishes were closely observed for a zone of displacement
in the oil, and the diameter of displacement was measured in mm. Both samples had significantly displaced the oil layer and started to spread in
the water, showing a zone of displacement Bacillus MG13 the largest displacement diameter value 7.5 cm while displacement had observed by
Bacillus MG20 was 5 cm. Using oil spread test, comparatively high abundances of surfactant-producing bacterial [16].
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Figure 2: Oil displacement test of the biosurfactant produced by Bacillus isolates

Drop collapse
The drop collapse method depends on the principle that a drop of liquid containing a biosurfactant collapses and spreads over the oily surface.
There is a direct relationship between the diameter of the sample and concentration of the biosurfactant and in contrast, the drop lacking
biosurfactant remains beaded due to the hydrophobicity of the oil surface that cause aggregation of droplets [13]. In drop collapse assay, no
activity was detected for distilled water as predicted. The biosurfactant droplets do result in a collapsed droplet (Figure 3); indicating their effects
on reduction of surface tension, in this study the isolate Bacillus MG13 showed biggest drop collapse than other isolates (Figure 3).

Figure 3: Drop collapse assay: Collapsed droplets

The biosurfactants activity showed that we had used real surfactant preparations, since the force or interfacial tension between the drop
containing the surfactant and the Para film surface was reduced and resulted in the spread of the drop [17,18] also showed that surface tension
was reduced by biosurfactants.
Hemolytic activity
Accordingly, in the present study, Bacillus strains displayed excellent hemolytic activity (Figure 4) [19] scored the hemolytic activity. The
hemolytic strains to lower the surface tension. Hemolytic activity appears to be a good screening criterion in the search for biosurfactants
produced bacteria [20]. Lysis of blood agar has been recommended as a method to screen for biosurfactant activity. This method is useful in
predicting the promising strains regarding biosurfactant production. Since, in most cases, the degree of lysis of RBC is directly proportional to
the concentration of biosurfactant production [16]. Hemolysis was included in this study since it is widely used to screen biosurfactant
production and in some cases, it is the sole method used [21].

Figure 4: Hemolytic activity of Bacilli isolates

The biosurfactant produced by B. subtilis, surfactin, lysed red blood cells. Blood agar lysis has been used to quantify surfactin [22]. However, in
some cases hemolytic assay excluded many good biosurfactant producers [16]; Hence in the present investigation the oil displacement assay and
dropcollapse test with crude oil were also done to confirm biosurfactant production.
Effect of carbon sources
In order to reach over production of biosurfactants, nutritional requirements of Bacilli isolates biosurfactants producing strain and growth
parameters were studied; different carbon sources could be used in the medium for biosurfactants production. The effect of using different
carbon source showed in Figure 5.
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The emulsification activity and emulsification index (E24%) of the produced biosurfactant was tested with different hydrocarbon and all the
hydrocarbons were emulsified efficiently. Culture medium exhibited excellent surface activity on each carbon source tested and biosurfactant
production was observed even after the stationary phase. Among the carbon source tested, waste frying oil shows the highest emulsification
activity of (3.8) achieved by Bacillus MG20, while diesel oil showed the lowest activity of (0.648) which was also achieved by Bacillus MG20.

Figure 5: Effect of using different carbon sources on biosurfactant production by Bacillus isolates. (A) Emulsification activity; (B) Emulsification index

Waste frying oil is a raw material associated with vegetable industry is residual cooking or frying oil which is a major source of nutrient rich low
cost fermentative waste. Large quantities of cooking oil are generated in restaurants worldwide. It has been estimated that on average100 billion
oil waste/week is produced in United States alone [23]. There are few reports, which utilized the vast potential of these frying oils for
biosurfactant production. The concluded that selected Bacillus strain has the potential to produce biosurfactant from waste frying soybean oil.
Thus, studies have been carried out to explore possibilities of using low-cost and renewable agro-industrial wastes including distillery wastes,
plant oils, oil wastes, starchy substances, and whey as substrates for cost effective production of biosurfactant [24]. The quality and quantity of
biosurfactant production are affected and influenced by the nature of the carbon substrate [25].
Effect of nitrogen sources
Nitrogen plays an important role in the production of surface-active compounds by microorganisms [26]. Since medium constituents other than
carbon sources also affect the production of biosurfactants [27]. In the present study, peptone shows the highest emulsification activity which
achieved by Bacillus MG20 was followed by yeast extract by Bacillus MG20. The lowest emulsification activity in organic nitrogen sources was
observed in Prommachan and Cthesis [28] reported that peptone increase growth and biosurfactants production. Also different inorganic nitrogen
sources affected biosurfactant production by Bacillus isolates, while ammonium nitrate showed higher emulsification activity and emulsification
index than ammonium chloride that achieved by Bacillus MG13 (Figure 6). Ammonium nitrate was a good substrate for the growth with good
productivity. These results are in agreement report of Fagade et al. [29] in which ammonium salt was observed as a preferable nitrogen source
for the biosurfactant production.

Figure 6: Effect of using different nitrogen sources on biosurfactant production by both Bacilli isolates. (A) Emulsification activity; (B) Emulsification
index

Inoculum size
The data provided in Figure 7 indicated that, there were a gradual increase in emulsification activity and emulsification index and upon
increasing the inoculum size up to 10% v/v by both Bacillus isolates, but emulsification activity of Bacillus MG13 was (1.28) and higher than
Bacillus MG20, emulsification index reported by Bacillus MG20 was higher than Bacillus MG13, these results were agreed with [30]. It was
observed that as inoculum density increases emulsification activity. In another study by Chander Suresh et al. [31] the production medium was
seeded with B. subtilis MTCC441 led to good biosurfactant production.
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Figure 7: Effect of using different inoculum size on biosurfactant production by both Bacilli isolates. (A) Emulsification activity; (B) Emulsification index

Effect of pH
The important characteristics of most organisms are their strong dependence on the pH for cell growth and production of metabolites. In this
study, biosurfactant production maintained increased values by increasing pH (Figure 8) by two Bacillus isolates.

Figure 8: Effect of using different pH degrees on biosurfactant production by Bacilli isolates. (A) Emulsification activity; (B) Emulsification index

The highest emulsification activities and emulsification index achieved by of isolate Bacillus MG13 in pH 9 and the lowest emulsification
activities and emulsification index reported by Bacillus MG8 in pH 5. Similar observation was reported [32].
Identification of Bacillus isolates
The most powerful new method for screening of microbial diversity for complex environmental samples is based on the cloning and sequencing
of 16S rRNA gene [33]. The molecular approach has been used for bacterial phylogeny and is of great importance for definition and
identification of species [34]. The positive result obtained from the above confirmatory assays confirmed the biosurfactant production by both
strain. Based on the 16S rRNA gene sequences and using the Gene Bank BLAST tool (http://www.ncbi.nlm.nih.gov/BLAST/). This study
demonstrated that the 16S rRNA sequence of the B. subtilis MG13 was 100% identical to the type strain KP196795 of South Africa by 100%.
Also, isolate B. megaterium MG20 was 100% identical to the strain type EU620419 of India. This is based on sequence alignments and the
phylogenetic dendogram as shown in Figures 9 and 10.

Figure 9: Phylogenetic dendrogram based up on 16S rRNA sequence (1500 bp) of Bacillus subtilis MG13strain compared with the sequence of standard
strains obtained from the Gene Bank database

Figure 10: Phylogenetic dendrogram based up on 16S rRNA sequence (1500 bp) of Bacillus megaterium MG20 strain compared with the sequence of
standard strains obtained from the Gene Bank database
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CONCLUSION

Conclusion of the present study, both Bacillus strains can produce biosurfactants using different carbon and nitrogen sources. Environmental
factors and growth conditions such as temperature, pH and inoculum size also nutrients in growth medium like source of carbon and nitrogen
affect biosurfactants production through their effect on cellular growth and emulsification activity. Both Bacilli isolates Bacillus MG13 and
Bacillus MG20 are identified as B. subtilis and B. megaterium respectively according to 16S rRNA analysis and Gene bank data.
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