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Abstract  

The production of the biosurfactants (BS) from industrial organic waste has gaining 

significant interest due to its potential to reduce production costs. The production and properties 

of biosurfactants have been investigated from eight bacterial strains of Bacillus sp. and 

Peribacillus frigoritolerans. Which were previously isolated from biofouling anion exchange resin 

used in electric power plants (Egypt). Waste industrial oil  (transformer and lubricating) was used 

as alternative cheap carbon sources for the biosurfactants production. Screening and selection of 

biosurfactant producer(s), were examined by using different parameters includes; blood hemolysis 

test, surface tension measurements, oil spreading test, emulsification index and biosurfactant yield. 

The stability values showed significant emulsification results at pH 12 resulting of Bacillus 

licheniformus BaDB24 (75.6%) > Bacillus cereus SH16 (63.05%)> Peribacillus Frigoritolerans 

(29%). The stability of temperature at 75°C that showed emulsification values resulting for 

Peribacillus Frigoritolerans (60.5%)> Bacillus licheniformus BaDB24 (35.2%)> Bacillus cereus 

SH16 (25%). The stability of salinity at 14% resulting that showed emulsification values of 

Peribacillus Frigoritolerans (60.8%)> Bacillus licheniformus BaDB24 (58.95%)> Bacillus 

cereus SH 16 (41.7%). The microorganisms studied were able to produce a biosurfactant from 

industrial waste oil. From tested strains, two bacteria of Bacillus licheniformus BaDB24 and 

Peribacillus frigoritolerans were chosen to be the potential choice for biosurfactant production. 

Keywords: biosurfactants, stability, lubricating oil, transformer oil. 

1. Introduction 

Biosurfactants are surface-active compounds possess both moieties (hydrophilic and 

hydrophobic) which could solubilize the organic substances by interacting with the phase 

boundaries in heterogeneously system [9]. Biosurfactants synthesized biologically from various 

microbial strains mainly extracellular or attached to cells, that utilizing hydrocarbons as carbon 
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source from different substrates, increasing surface interactions, enhancing emulsification and 

solubility of hydrocarbons, and improving hydrocarbon bioavailability [25,13,55].  

Biosurfactants have a significant importance as they are produced from natural green 

material, and have significant advantages over their synthetic surfactant. They are ecofriendly, high 

selective, biodegradable, biocompatible, bioavailable, less toxicity and ecologically acceptable, 

tolerated to extreme condition as pH, temperature and high salt concentrations, that they can be 

utilized in many industries for example:  oil refinery, cosmetics, agriculture, pharmacy, food, and 

restoration of polluted environment [6,56].  

Biosurfactants can produced by many bacteria of a wide variety of genera, as 

Pseudomonas, Bacillus sp, Brevibacterium, Stenotrophomonas, Gordonia, Rhodococcus, 

Nocardiopsis and Alcaligenes, Pseudoxanthomonas Serratia, Aeromonas, Streptomyces, and 

Citrobact. [39]. Bacillus sp was the potential biosurfactant producing bacteria, that was known to 

produce different lipopeptides. Several isoforms and analogs exist showing significant structural 

heterogeneity and possessing potentil applications [27].  

[8,11] indicated that biosurfactants growing interest.  A typical medium for production of 

biosurfactants contains pure chemicals as glucose which resulting in the high biosurfactant titres 

but have relatively high production costs with negative effects on the environment, so practical 

applications remain limited [64]. Potential solutions to this challenge include developing and 

scaling up technological processes and reducing expenses associated with the raw materials 

utilized [33]. 

The using of organic wastes as a primary raw material for production of biosurfactants had 

received significant attention due to savings its potential cost, reducing environmental waste, and 

promoting the integration of waste materials into recycling cycles at the same time [54,28,11].  

[36,12] illustrated organic waste examples as contamination oil and oil industrial waste 

products like waste transformer oil, waste engine oil and waste frying oil from food industry which 

may cause severe harm. 

The waste lubricating oil, called spent oil or used - lubricant, was obtained after servicing 

and subsequent draining from, generators, industrial machines and automobiles. It has long chain 

(C16–C36) of saturated hydrocarbons and more than 75 % cyclic alkanes which making it resistant 
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to microbial degradation. In addition, the presence of PAHs, toxic metals, etc. in used oil inhibits 

the microbial degradation process [10]. 

Mineral oil was the most used oil in transformers, that produced from crude oil [63]. [29] 

reported that the hydrocarbon of naphthenic and paraffinic were the base of all transformer mineral 

oils. The main reason for the degradation of the hydrocarbon base of oils is oxidation forming 

peroxides, alcohols, ketones and acid. 

In the present study, eight strains previously identified were tested for their ability to 

synthesize biosurfactants on various carbon sources. Subsequently, the most effective 

microorganisms and waste industrial oil both were selected, giving the highest biosurfactant 

productivity on most tests, then the stability of biosurfactants was studied. 

2. Materials and methods 

2.1. Microorganisms:  

Eight strains of Bacillus licheniformus BaDB24, Bacillus pumilus SH12, Bacillus cereus 

SH16, Bacillus cereus SH33, Bacillus cereus SH42, Bacillus cibi SH43, and Bacillus thuringiensis 

SH116 and Peribacillus frigoritolerans - previously known as Brevibacterium Frigoritolerans 

SH115 [46] - used in this study was isolated from a biofilm of the anion exchange resin of Shoubra 

El - Khiema and Damietta electric power plants in Egypt [1]. 

2.2. Media and Culture Conditions: 

Modified salt peptone (SP) medium, containing (g/L):10 g peptone,1 g yeast extract,0.5 g 

KCl, 1 g MgSO4⋅7H2O, 0.7 g CaCl2 ⋅ 3H2O,0.05 g MnCl2⋅4H2O,0.2 g K2HPO4,0.2 g KH2PO4 was 

used for screening of different bacterial biosurfactants production. Halophile moderate (HM) 

medium, with the following composition (g/L): 5 g proteose peptone, 10 g yeast extract, 2 g KC1, 

1 g   MgSO4⋅7H2O,1 g glucose, 0.36 g CaCl2 ⋅ 3H2O, 0.23 g NaBr,0.2 g K2HPO4, 0.2 g KH2PO4, 

trace of FeCl3 and 1 ml distilled water. The pH was 7.2. It was utilized for biosurfactant production 

from different carbon sources [37].  

2.3.  Carbon source: 

Different carbon sources as glucose (Nasr company, Egypt), crude oil, waste transformer 

oil (insulating oil) from Ezz steel transform station and waste lubricating oil from Shoubra El -
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Khema electric power plant (Table 1) was also used in selection the best bacteria strains in 

biosurfactants production. 

Table 1: Physical and chemical properties of oil waste samples from transformer station and 

electric power plant: 

-, Not detected. 

2.4. Screening of biosurfactants production using different bacterial strains: 

The biosurfactant production were studied on SP media (Salt Peptone broth) supplemented 

with 1% crude oil and 3% NaCl (Kheiralla et al.,2013). The medium pH was adjusted to 7.0 and 

autoclaved at 121 °C for15 min.  Pre-inoculum of pure bacteria was prepared as one loop of 

bacterial culture were inoculated in 50mL of nutrient broth and incubated at 37°C for 24h in the 

rotary shaker at 150 rpm, this was used as a standard inoculum. Bacterial suspension (1 ml of 103 

CFU/ml) of OD600 (optical density) 0.5 (Thermo scientific spectrophotometer, model Aquamate, 

England) was equal inoculated to 250 ml flask containing 50 ml media and were incubated at 37°C 

with 180 rpm and was incubated for 96h. The cell free supernatant was obtained by centrifugation 

at 6000 rpm for 15 min (4 °C) to separated bacteria [58]. The supernatants were filtered to remove 

excess oil and used to examine the quality and efficiency of the biosurfactants production by the 

following screening tests to select the most effective bacteria. The bacteria were selected based on 

the highest value obtained from hemolytic activity, emulsification index (EI24) and oil spreading 

of its biosurfactant that reduce surface tension properties. 

Properties Standard method Transformer oil lubricating oil 

Specific gravity at 15 °C   ASTM D1298 0.8747  0.8962 

Kinematics Viscosity at 40°C  

(CST) 

ASTM D445 9.62 57 

Color ASTM D 1500 4 More than 8 

Total acidity (mg KOH/g oil) ASTM D974 IPI 0.14 1.2 

Flash point open (°C)  ASTM D 92 - 216 

Flash point closed (°C) ASTM D 93 152 - 

Impurities - Not present Not present 

Water content (mg/l) - 10 - 

Break down voltage (K.V) - 70 - 

Power factor (unit) - 0.1619 - 
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2.4.1. Hemolytic activity 

A pure bacterial culture was streaked on blood agar having 5% (v/v) human blood and was 

incubated for 24–48 h. at 37 °C. The diameter of clear zone around the bacterial strain was measured 

that confirmed biosurfactants production [47]. 

2.4.2. Surface tension measurement  

The surface tension was measured by the ring method using a Du Nouy tensiometer (Sigma 

702EI Tensiometer, KSV Instruments Ltd, Finland) at room temperature on cell free supernatant 

after the bacterial culture were centrifuged. Distilled water was used for the calibration of the 

instrument [19]. 

2.4.3. Emulsification Index (EI24)  

The ability of bacteria strains to emulsify the hydrocarbon was examined as mentioned by  

[47]. Briefly equal volume of olive oil (2mL) and cell free medium (2mL) were mixed in a test 

tube and homogenized at high speed by vortex (VWR vortex) for 2 min. The screening tests were 

performed in triplicate and distilled water was used as the control. The emulsification activity 

(EI24%) was calculated after 24h. using the following equation by [24]:  

Emulsification index (%)  =
Height of emulsion layer (cm)

Total height (cm)
×100 

2.4.4. Oil spreading test  

In the Petri plate, distilled water of 30 mL was poured then 20µl of crude oil which liquefied 

in diesel oil was added to the surface of distilled water forming thin film. Then, 20 µl of cell-free 

supernatant was put on the center of the oil film. The diameter of clear zone formed on the oil 

surface was measured after 30 s and compared to that of distilled water which served as a negative 

control [18]. The screening tests were performed in triplicate and distilled water was used as the 

control. 

2.5. Effect of different carbon source on biosurfactant production: 

Glucose was used as control and waste oil (lubricating oil and transformer oil) were used as 

alternative low-cost carbon source. They were supplemented in HM media with 0.1% of glucose 

concentration or 1% concentration of different waste oil [37]. The medium pH was adjusted to 7.0 

and sterilized at 121 °C for 15 min. Optical density of overnight cultural broth media in nutrient 
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broth was adjusted to 0.5 at 600 nm (count of bacteria 105 CFU/ml) and equal volume was 

inoculated to 250 ml flask containing 100 ml HM media had 2%NaCl. After incubation period 72h 

at 37°C with 180 rpm. The cell culture was centrifuged for 20 min at 6000 rpm and at 4 °C to get 

cell free supernatant. The supernatant was filtered to remove excess oil and was used to examine 

biosurfactants production quality. The waste oil was selected based on the highest value obtained 

from surface tension, emulsification index (EI24), oil spreading tests and production yield. 

2.6. Extraction and the recovery of the biosurfactant: 

The cell culture was centrifuged at 6000 rpm on a centrifuge for 20 min at 4 °C to get the 

cell free supernatant.  To extract the biosurfactant, the supernatant pH was adjusted to 2 by 3N HCl 

and was cooled at 4°C for 30-45 min to collect the biosurfactants then was centrifugated again at 

6000 for 20 min to precipitate the biosurfactants as pellets, the broth was discarded [17]. The white 

precipitate (pellets) was washed with distilled water and dried on air and weighed. For further 

purification, the crude biosurfactant was mixed with equal volume of chloroform:methanol (2:1) 

and left on dark place overnight for evaporation and weighted as g/L [47].  

2.7. Biosurfactant Stability Studies: 

Biosurfactant stability was examined under different conditions and expressed as 

emulsification index (E24) % as described before. After bacteria was grown on HM media 

supplement with 1% lubricating oil as carbon source for 72h on shaker at 180 rpm at 37° C.  The 

culture was centrifuged at 6000 rpm for 20 min (4 °C) to get the cell free supernatant. Thermal 

stability of biosurfactant was estimated by maintaining the cell-free supernatant at constant 

temperature between 25 and 120 °C for 30 min and then cooled to room temperature. The pH effect 

was evaluated in the range of pH 2–12 by using 1M HCl or 1M NaOH [47]. The salinity was 

assessed using NaCl (0–14% w/v). All assays were performed in triplicates. 

2.8. Statistical analysis  

Data obtained were analyzed using The Statistical Package of Social Science (SPSS) by 

Minitab version 18 software using one-way ANOVA to estimate the statistical parameters, 

followed by Duncan range test.  Data were collected from three independent experiments and the 

results were expressed as the mean± standard deviation. A probability value of <0.05 was used as 

criterion for statistical significance. 
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3. Results and discussion: 

The used of waste as a feedstock by microorganisms for production of value-added 

products (as biosurfactants) has opened new ways contributing to environmental sustainability 

which significantly lowest the overall process cost [30]. 

3.1. Screening bacterial strains for biosurfactant production: 

Among eight bacterial strains tested, six strains were positive for hemolytic activity (Table 

2). They showed hydrolysis zone around the colonies (Fig. 1: a,b,c,d,e,j). The strains of Bacillus 

licheniformus BaDB24, Bacillus pumilus SH12, Bacillus Cereus SH16 and Peribacillus 

frigoritolerans exhibited the most significant hemolytic activity as 3.5, 3.7, 3.4, 4.4 cm 

respectively, While Bacillus Cereus SH 33 and Bacillus Cereus SH42 showed low values as 2.8 

and 1.73 cm respectively. Two strains Bacillus cibi SH43 and Bacillus thuringiensis SH116 were 

negative, as they didn’t show any hydrolysis (Fig. 1: f,k). The strains which could lyse red blood 

cells and produced inhibition zone of hemolytic assay were directly affected by increasing 

concentration of biosurfactants. This ability may be due to the surface activity of biosurfactants 

secreted by cells. 

   

Fig. 1: Hemolytic activity of different bacteria stains studied, Bacillus licheniformus BaDB24, a; 

Bacillus pumilus SH12,b; Bacillus cereus SH16,c; Bacillus Cereus SH 33,d; Bacillus Cereus 

SH42, e; Bacillus cibi SH43,f; Peribacillus frigoritolerans,j; Bacillus thuringiensis SH116,k. 

showed a clear zone around bacteria a,b,c,d,e, and j. Bacteria f and k not showed clear zone around 

cell growth. 

As previously reported by [2] several screening methods could be included in primary 

screening of potential biosurfactants production. Where a single method isn’t confirming the 

determination of biosurfactants production from isolated bacteria [68,66]. [50] showed a 

significant relationship between the hemolytic activity and biosurfactant production, however, not 
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all biosurfactants have hemolytic activity and compounds other than biosurfactants may cause 

hemolysis [31]. 

The obtained results agree with [41] who mentioned that Bacillus sp. strain LP04 can lyse 

red blood cells. Also, [13] reported that a Bacillus sp of sample B1 and B2 exhibited the topmost 

hemolytic activity as 2cm zone. The increasing of biosurfactants concentration could lead to form 

larger hemolytic zone on blood agar around all side of colony (Fig. 1: a,b,c,d,e,j) as reported by 

[23]. The mechanism causing of the hemolysis by biosurfactant compounds can be in the form of 

normal membrane dissolution at high biosurfactant concentrations or increased membrane 

permeability to small solutes at low biosurfactant concentrations, as a result of osmotic lysis [60]. 

Red cells lyses caused by inducing membrane reorganization and giving changes in cell 

morphology. The hydrophilic part modulates the penetration of the hydrophobic part, which 

disrupts the cell membrane [42].  

Table 2: Screening of biosurfactants production using different bacterial strains: 

Growth on SP media contained 1% crude oil, for 96h at 37 °C, pH 7, inoculum of 103 CFU/ml,3% NaCl. 

Presented values are the means ± standard deviations and different letters from a-f in the same columns 

indicate a significant difference from each other according to the analysis of variance (p < 0.05). -, not 

detected. 

Bacterial isolates 

Hemolytic 

activity 

cm 

Surface 

tension 

mN/m 

EI24 

(%) 

Oil 

spreading 

cm 

Weight 

g/l 

Bacillus licheniformus 

BaDB24 
3.5

ab
±0.5 32.65

a
±1.39 37.5

b
±0 0.85

a
±0.05 0.296

a
±0.05 

Bacillus pumilus 

SH12 
3.7

ab
±1.1 45.9

b
±1.14 31.25

c
±1.25 0.45

cd
±0.05 0.132

e
±0.05 

Bacillus cereus SH16 3.4
ab

±0.6 45.6
b
±0.82 37.5

b
±0 0.4

d
±0 0.238

c
±0.05 

Bacillus Cereus SH 33 2.8
b
±0.4 49.86

d
±0.4 36.6

b
±0.9 0.55

b
±0.05 0.036

f
±0.05 

Bacillus Cereus SH42 1.73
c
±0.07 45.35

b
±0.42 37.75

b
±0.25 0.45

cd
±0.05 0.168

d
±0.05 

Bacillus cibi SH43 0
d - - - - 

Peribacillus 

frigoritolerans 
4.4

a
±0.6 51.46

d
±1.23 42

a
±0 0.53

bc
±0.08 0.276

b
±0.05 

Bacillus thuringiensis 

SH116 
0

d - - - - 
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Primary screening of biosurfactants on SP medium using 1% crude oil as carbon source 

(Table 2) showed that Bacillus licheniformus BaDB24 was the most statistically significant 

bacteria for most screening tests. The recorded results of surface tension was 32.65±1.39 mN/m, 

emulsification index was 37.5±0 %, Oil spreading was 0.85 cm and produce high yield was 0.296 g/l. 

On the other hand, Peribacillus frigoritolerans have different performance that was 

recorded surface tension as 51.46±1.23 mN/m, emulsification index was 42±0 and oil spreading 

was 0.53±0.08 cm and can produce biosurfactant of 0.276 g/l. 

But Bacillus cereus SH16 produce more biosurfactant of 0.238 g/l than Bacillus pumilus 

SH12 of 0.132 g/l (Table 2). The biosurfactants yield showed significant effect for the three 

bacteria, Bacillus licheniformus BaDB24, Bacillus cereus SH16 and Peribacillus Frigoritolerans. 

According to the significant results of most screening tests (Table 2), the strains of Bacillus 

licheniformus BaDB24, Bacillus cereus SH16 and Peribacillus frigoritolerans were identified as 

a promising biosurfactants producers and those strains were selected for further tests. 

Surface tension reduction of bacterial strains studied were between (51.46 -32.65 mN/m) 

(Table 2). In the same direction [35] reported that significant surface-active properties is the 

reduction of surface tension to around 40 mN m− 1. 

Bacterial strains studied were recorded  emulsification activity between (31.25 - 42%) 

(Table 2). Emulsification activity is an important property of biosurfactant producing bacteria 

affected by properties of biosurfactants that can emulsify oils forming emulsion [37]. Similar 

results were mentioned by [32] who reported that in presence of crude oil the most biosurfactants 

producer are Brevibacterium sp of strains PBE178 and PBE190, recording maximum EI24 of 

23.15% and 25.8% respectively. [62] mentioned that biosurfactants that have an emulsification 

activity value of >30% in the first screening stage were promised positive for producing significant 

emulsification index.  

Oil spreading values were between (0.4 - 0.85 cm) by different strain studied (Table 2). 

According to [13], the positive results of oil spreading indicate that the strains can produce 

biosurfactants efficiently. [51] detailed that production of biosurfactant could assay by oil 

spreading test efficiently. [37] reported that the sensitivity of the oil displacement test enabled to 

assay of at least 10 μg (about 10 nmol) of biosurfactant but it is easy to implement and takes less 
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time. [13] showed similar results that Bacillus sp MN 243657 strain B1 and strain B2 recorded top 

results of oil displacement of 3.9 cm, and of emulsification value recorded 28 % respectively. The 

present results agree with [20] who showed that Bacillus sp had extremely positive values for 

various biosurfactants screening tests. In the same direction, [11] described that the most effective 

strains for biosurfactants production, those with weight scores surpassing 20 mg/l-1 as Bacillus sp.  

and Peribacillus sp.  

3.2. Effect of different carbon sources on the biosurfactant production 

The cost of substrate for biosurfactant production was a significant expense, consuming 

almost 30–50% of the total production cost. It could be tackled by using of waste oils like waste 

engine oil, waste transformer oil, and waste frying oil from the food industry [12]. 

From  (Table 3) different carbon sources lubricating oil, transformer oil and glucose used 

for production of biosurfactants. Glucose was used as a control. The obtained results lowering 

surface tension values between (42.45-47.95 mN/m ) for the three bacteria studied. The variation 

in carbon sources wasn’t affected in surface tension activities of the three bacterial strains studied. 

Different strains have different performance across different substrates in the production of 

biosurfactants, whoever Peribacillus frigoritolerans showed a significant emulsification capacity 

with the highest value of 72.6 % for glucose, followed by 60 % for transformer oil and 50% for 

lubricating oil as carbon source. On contrast, Bacillus licheniformus BaDB24 and Bacillus cereus 

SH16 showed significant lower emulsification values of 50 % across all tested carbon sources.  

The use of lubricating oil as carbon source (Table 3) showed a significant (p<0.05) values 

of oil spreading for the three tested bacteria, that was 3.35 cm for Bacillus licheniformus BaDB24, 

2.1 cm for Bacillus cereus SH16 and 0.7 cm for Peribacillus frigoritolerans. While the using of 

transformer oil were recorded lowering oil spreading of 1.18 cm for Bacillus licheniformus 

BaDB24, 1.4 cm for Bacillus cereus SH16 and 0.35 cm for Peribacillus frigoritolerans. Compared 

to glucose that recorded the lowest oil spreading of 0.63 cm for Bacillus licheniformus BaDB24, 

1.03 cm for Bacillus cereus SH16 and 0.7 cm for Peribacillus frigoritolerans. 

Based on biosurfactants yield, glucose demonstrated the highest significant yield capability 

followed by lubricating oil and transformer oil as carbon source for three bacteria studied as 
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(1.17>0.258>0.01 g/L), (0.402>0.225>0.01 g/L), (1.304>0.54g>0.204 g/L) of Bacillus 

licheniformus BaDB24, Bacillus cereus SH16 and Peribacillus  frigoritolerans respectively (Table 3). 

According to significant value of our results (Table 3), the using of lubricating waste 

industrial oil was considered to be best alternative carbon source for the production of 

biosurfactants by the three bacterial strains studied. 

Table 3: Screening of biosurfactants production using different bacterial strains: 

Growth on HM media with 2%NaCl, at 37 °C, p H 7 for 72 h and 105CFU/ml. Presented values 

are the means ± standard deviations. Different letters within the same bacteria on each tests 

represent different statistical group (p<0.005, Duncan test).  

Our results agree with [37,49,67,11] whose reported that the metabolites produced by 

strains with high surface activity do not necessarily correlated with high emulsifying activity and 

the properties of resulting biosurfactants are affected by the substrate used, also the growth 

condition and the microbial strain used as showed by [52,48,65]. This variability might be 

Weight 

g/l 

Oil 

spreading 

cm 

EI24 

% 

Surface 

tension   

mN/m 

Bacteria 
Types of 

carbon source 

±0.05 
a

1.17 ±0.3
c

0.63 ±9.8
a

42.6 ±0
b

44.7 
Bacillus licheniformus 

BaDB24  

Glucose 

0.1% 

 

±0.05 
a

0.402 ±0. 08
c

1.03 ±0
b

30.7 ±0.88
a

42.45 Bacillus cereus SH16 

±0.05 
a

1.304 ±0
a

0.7 ±5.95
a

72.6 ±0.28
b

46.1 
Peribacillus 

Frigoritolerans 

0.258
b
 ±0.05 ±1.17

a
3.35 ±7.9

a
42.1 ±0.02

a
44.02 

Bacillus licheniformus  

BaDB24 

Lubricating 

oil 1% 

±0.05 
b

520.2 ±0
a

2.1 ±2.5
a

35.75 ±0.07
c

47.95 Bacillus cereus SH16 

±0.05
b 

0.54 ±0.1
a

0.7 ±0
c

50 ±0.02
a

45.32 
Peribacillus 

Frigoritolerans 

±0
c 

0.01 ±0.33
b

1.18 ±1.5
b

21.5 ±0.02
b

46.81 
Bacillus licheniformus  

BaDB24 

Transformer 

oil 1% 

±0
c 

0.01 ±0
b

1.4 ±2.25
a

35.25 ±0.015
b

45.44 Bacillus cereus SH16 

±0.05
c 

0.204 ±0.05
b

0.35 ±0
b

60 ±0.18
c

46.93 
Peribacillus 

Frigoritolerans 
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attributed to the individual metabolic capabilities of each specific strain to utilize different 

substrate for production of biosurfactants that as observed by [3]. Biosurfactant was classified 

into surfactants and emulsifiers, that surfactants reduce surface tension while emulsifiers share in 

the formation and stabilization the given emulsions [5]. This variation could be attributed to the 

different hydrophilic-lipophilic balances of these substrates. For example, the distinct hydrophilic-

lipophilic balances of waste oil and glucose facilitated the synthesis of biosurfactants with varying 

molecular weight and properties, that agree with [40]. So, it was recommended that multiple 

screening methods should be included in the initial screening to identify all types of biosurfactants 

producers as reported by [59].  

Also, same observation was mentioned by [43] that Peribacillus sp, could reduce the 

surface tension to 25.9-27.6 mNm-1. [15] reported same findings by Bacillus salmalaya, that 

transformer oil exhibited the lowest surface tension reduction rates with value of 33.5%, while 

sunflower oil had the highest value of 71.1%. Additionally, surface tension showed reductions with 

olive oil to 59.6 %, vegetable oil to 57.37%, and glycerol to 48.6%, [10] found that Ochrobactrum 

sp. C1 could grow with waste lubricants as the sole carbon, that showed the highest EI24 value of 

69.42 ± 0.32 % was obtained after 7 days incubation period at optimized culture condition that 

agree with our results. [61] reported high results than our results that Bacillus licheniformis which 

was isolated from oil reservoir grown on 2% glucose; exhibited higher emulsification index (up to 

96%) and lower the surface tension of 36 mN/m after 72h of incubation. [16] agree with our results 

that Bacillus toyonensis which was isolated from oil-contaminated places (in Egypt) could reduce 

the surface tension to 47 mN m−1. Same observation were reported by [11] who showed that strains 

of  Peribacillus sp. 1mo, Bacillus sp. 1os and  Bacillus sp. 2os were identified as the most effective 

strains for producing emulsification index above 50% and reduce surface tension below 40 mN m−1 

when growing on different carbon source of glycerol, waste frying oil and sunflower cake. As 

reported by [7]  that sugar cane molasses waste was produced a significant emulsification capacity 

with the highest value of 77.6 %, followed by 59.3 % for spent lubricating oil while spent 

lubricating generator oil produced zero EI24%. 

Oil spreading assay as indirect test to screen biosurfactant production is considered more 

accurate and quicker method to screen the biosurfactants production [13].  [68] showed that the oil 
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spreading test was highly reliable method for detecting biosurfactant production by different 

microorganisms that agree with our finding.  

Same observation was showed by [11] who showed that Bacillus sp. 2os strain can produce 

high biosurfactant yield on a medium contained glucose of 0.636 g L−1, as observed by [45]. [57] 

observed that Bacillus sp. can grow in poor nutritive medium R2A broth and produce high 

biosurfactants yield ranged from 1-2.5 g L−1. [69] observed similar results that Bacillus atrophaeus 

biosurfactants yield varying from 0.53 to 1.11 g L−1, also, the diameter of oil spreading varying 

from 17.2 to 19.6 cm, according to the carbon source used.  

3.3. Factors affecting the emulsification activity: 

3.3.1. Effect of different temperatures: 

The biosurfactant produced by each isolate exhibited stable emulsification activity across 

broad range of abiotic factors (Fig. 2, a,b,c). Stability of biosurfactant production showed the 

highest emulsification index of 64.6% at temperature of 25 °C for Bacillus licheniformus BaDB24,  

43.4 % at temperature of  37°C for Bacillus cereus SH16 and 60.5% at temperature of 50°C  for 

Peribacillus frigoritolerans, then gradually decreased for all  bacterial strains except Peribacillus 

frigoritolerans showed stable EI24% to 60.5 %  at 50 °C and 75 °C, however the biosurfactant 

maintained produced of emulsification activity between 25-120°C. Elevation of temperature to 

120°C resulting in a significant decrease in the emulsification activity of all  tested biosurfactants   

(Fig. 2, a).  

As observed by [44] who recorded that Bacillus licheniformus biosurfactant was stable up 

to temperature of 50 °C. Also, [47] showed that the biosurfactants produced by Bacillus brevis 

demonstrated thermal stability between 30 °C and 80 °C. Different result was observed by [38] 

who reported that Bacillus licheniformis 86 could produce stable biosurfactant in the temperatures 

range between 25-120oC. Also, [53] reported that the stability of Bacillus licheniformis DS1 could 

produce emulsification activity at high temperatures up to 120 °C. B. licheniformis W16 produced 

a stable biosurfactant from 40 to 160 oC that reported by [34]. 

  



Shereen Mohamed El-Said Asker  et al.                                       J. Sci. Res. Sci., 2024, 41, (2),47:70 

-60- 

 

 

 

Fig. 2: Effect of different factors (a) temperature; (b) pH and (c) NaCl % on the emulsification 

activity production, the error bars representative of standard deviations. 
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3.3.2. Effect of pH 

Regarding pH effect, the highest significant EI24 % was obtained at pH 8 of 85.2±6.5 for 

Bacillus licheniformus BaDB24, 85.35±6.35 for Bacillus cereus SH16 and 83.3±12.5 %  for 

Peribacillus Frigoritolerans and the decreasing values were observed in EI24 % at pH (7–12), but 

almost no observed emulsification index at pH 2–6 for the three bacterial strains because the 

biosurfactant was precipitated under highly acidic condition (pH ≤ 6) and the sample was turbid 

(Fig. 2, b) as reported by [22,14]. [34] showed similar results that B. licheniformis W16 

biosurfactant maintained stability within a pH range of 6 – 12 and precipitated under highly acidic 

condition (pH ≤ 4.0) as observed by [4]. Different observation was showed by [53] who reported 

that Bacillus licheniformis DS1 biosurfactant was stable between pH 4–10. [44] showed that the 

pH resistant capacity over a range of 4.5–9. [21] reported that biosurfactants of Alkaliphilic 

Bacterium SJS1 was stable between pH 2 -12. 

3.3.3. Effect of different salt concentrations 

The emulsification activity was significantly increased for the three bacteria when NaCl 

was 8 % for Bacillus licheniformus BaDB24 (85.7 %), also when NaCl was 11 % for Bacillus 

cereus SH16 (63.6) and when NaCl was 2% for Peribacillus Frigoritolerans (83.3 %), followed 

by gradual decrease in activity using 14% of NaCl for the three bacteria studied (Fig. 2, c). 

In contrast, [26] observed different results that Bacillus cereus strains isolated from oily polluted 

soil exhibited maximum biosurfactant production at 8% NaCl. Also,[21] showed that 

biosurfactants of Alkaliphilic bacterium SJS1 could be stable in the extreme condition of high salt 

concentration. Stability of biosurfactants of Bacillus licheniformis DS1 was up to 10% NaCl (w/v) 

[53]. On another direction [34] showed that B. licheniformis W16 biosurfactant was stable up to 

4% NaCl. 

From (Fig 2, a,b,c), The stability values showed significant emulsification results at pH 12 

resulting of Bacillus licheniformus BaDB24 (75.6%) > Bacillus cereus SH16 (63.05%)> 

Peribacillus Frigoritolerans (29%). The stability of temperature at 75°C that showed 

emulsification values resulting for Peribacillus Frigoritolerans (60.5%)> Bacillus licheniformus 

BaDB24 (35.2%)> Bacillus cereus SH16 (25%). The stability of salinity at 14% resulting that 

showed emulsification values of Peribacillus Frigoritolerans (60.8%)> Bacillus licheniformus 

BaDB24 (58.95%)> Bacillus cereus SH 16 (41.7%). 
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Among significant stability results of biosurfactants (Fig. 2, a,b,c), indicated that Bacillus 

licheniformus BaDB24 and Peribacillus frigoritolerans were chosen to be the most powerful 

biosurfactants producer. 

4. Conclusions 

Biosurfactant production can be produced by utilizing waste substrates as a carbon source, 

providing a safe, environmentally friendly and affected in its function properties. The waste 

industrial oil of (transformer oil or lubricating oil) appeared to be good alternative sources for 

biosurfactants production by Bacillus licheniformus BaDB24, Bacillus cereus SH16 and 

Peribacillus frigoritolerans. The polymer produced had interesting emulsification and oil 

spreading properties. The observed variability in biosurfactant production was influenced by both 

strain and the substrate used, as a result of difference in metabolic pathways. The substrates used 

could reduce the biosurfactant production cost and make it more economically competitive and 

stable under a wide range of alkaline pH, salinity, and temperature conditions. The extreme 

properties of the biosurfactant such as its stability under various conditions, make it suitable for a 

wide range of industrial applications. 

5. Acknowledgements  

We are grateful to Prof. Dr. Essam Mohamed Hoballah (Professor of Environmental 

Microbiology in National Research Center) for his time and maximum contributions to the success 

of this work. We would like to thank the team of the Central Chemical Laboratory for helping us 

in conducting the experiments. The authors acknowledge the tremendous assistance received from 

the scientists whose articles have been cited and included in the references of this manuscript. The 

authors are also grateful to the reviewer/editors/publishers whose literature review and discussion 

of this article to have been done. 

6. Conflict of interest 

All authors declare that they have no conflict of interest. 



Shereen Mohamed El-Said Asker  et al.                                       J. Sci. Res. Sci., 2024, 41, (2),47:70 

-63- 

References 

[1] Abdelsalam, S. M, Kheiralla, Z.M.H., Abo-Seif, F.A. and Asker. S.M.E (2017). Abiotic 

factors and microbial communities fouling anion exchange resin causing performance 

deficiency in electric power plants. Egyptian Journal Microbiology,52,17-28. 

[2] Abd -El Hamid, N. E., Arafa, R., A., Roshdy, M. and Abd-El Razek, T. M. (2018). 

Evaluation of different screening methods foe biosurfactant producer isolated from Egyptian 

fresh water samples contaminated by oil spills using Bacillus subtilis and Bacillus 

licheniformis. Journal Environment Science ,44(1),29-49.  

[3] Adamczak, M. and Bednarsk, W. (2000). Influence of medium composition and aeration on 

the synthesis of biosurfactants produced by Candida antractica. Biotechnology Letters, 22,313-

316. 

[4] Ali, N., Wang, F., Xu, B., Safdar, B., Ullah, A., Naveed, M., Wang, C. and Rashid, M.T. 

(2019). Production and Application of Biosurfactant Produced by Bacillus licheniformis Ali5 

in Enhanced Oil Recovery and Motor Oil Removal from Contaminated Sand. Molecules, 24, 

(4448),1-18.  

[5] Alizadeh-Sani, M., Hamishehkar, H., Khezerlou, A., Azizi-Lalabadi, M., Azadi, Y., 

Nattagh-Eshtivani, E., Fasihi, M., Ghavami, A., Aynehchi, A. and Ehsani, A. (2018).  

Bioemulsifiers Derived from Microorganisms: Applications in the Drug and Food Industry. 

Advances Pharmactucal Bulletin, 8(2), 191–199. 

[6] Ambaye, T., G., Vaccari, M., Prasad,S. and Rtimi,S., (2021). Preparation, characterization 

and application of biosurfactant in various industries: A critical review on progress, challenges 

and perspectives. Environmental Technology & Innovation. 24 (102090) 1-19. 

[7] Anaukwu., C.G., Ogbukagu, C.M., and Ekwealor, I.A. (2020). Optimized Biosurfactant 

Production byPseudomonas aeruginosa Strain CGA1 Using Agro-Industrial Waste as Sole 

Carbon Source. Journal advances Microbiology .2020; 10(10):543- 562.  

[8] Baccile, N., Babonneau, F., Banat, I. M., Ciesielska, K., Cuvier, A.-S., Devreese, B., 

Everaert, B., Helen Lydon,H., Marchant,R., Mitchell,C.,A., Roelants,S., Six,L., 

Theeuwes,E., Tsatsos,G., Tsotsou,G.,E., Vanlerberghe,B., Bogaert,I.,N.,A.,V. and 

Soetaert,W., (2017). Development of a cradle-to-grave approach for acetylated acidic 

sophorolipid biosurfactants. ACS Sustain. Chemical Engineering. 5(1), 1186–1198.  

[9] Banat, I., Franzetti, A., Gandolfi, I., Bestetti, G., Martinotti, M., Fracchia, L., Smyth, T. 

and Marchant, R., (2010). Microbial biosurfactants production, applications and future 

potential. Applied Microbiology Biotechnology. 87, 427–444. 

[10] Bhattacharya, M., Biswas, D., Sana,S. and Datta, S. (2015). Biodegradation of waste 

lubricants by a newly isolated Ochrobactrum sp. C1. 3 Biotechnology, 5:807–817. 

[11] Biktasheva, L., Gordeev, A., Kirichenko, A., Kuryntseva, P., and Selivanovskaya, S. 

(2024). Screening of Microorganisms from Wastes and Identification of the Optimal Substrate 

for Biosurfactant Production. Microbiology Research,15(1),152–163. 



Shereen Mohamed El-Said Asker  et al.                                       J. Sci. Res. Sci., 2024, 41, (2),47:70 

-64- 

[12] Brahma, D., Sarker, A., Kulavi, S. and Dutta, D. (2024). Valorization and kinetic modeling 

of biosurfactant produced by Kocuria marina DAGII using waste cooking oil as a substrate. 

Biocatalysis and Agricultural Biotechnology. 58, (103214),1-14. 

[13] Brinda, C., M., Ragunathan, R., and Johney, J. (2023). Diversity and Distribution of 

Potential Biosurfactant Producing Bacillus Sp MN 243657, GC-MS Analysis and its 

Antimicrobial Study. Biosciences Biotechnology Research Asia, 20(1), 271-291.  

[14] Dabaghi, S., Ataei, S. A. and Taheri, A. (2023). Production of rhamnolipid biosurfactants 

in solid-state fermentation: process optimization and characterization studies. BMC 

Biotechnology, 23(2),1-14.  

[15] Dadrasnia, A. and Ismail, S. (2015). Biosurfactant Production by Bacillus salmalaya for 

Lubricating Oil Solubilization and Biodegradation. International. Journal Environment 

Research Public Health,12,9848-9863.  

[16] Darwesh, O.M., Mahmoud, M.S., Barakat, K.M., Abuellil, A. and Ahmad, M.S. (2021). 

Improving the bioremediation technology of contaminated wastewater using biosurfactants 

produced by novel bacillus isolates. Heliyon,7,1-12. 

[17] Das, P. Mukherjee, S. and Sen, R. (2008). Antimicrobial potential of a lipopeptide 

biosurfactant derived from a marine Bacillus circulans, Journal Applied Microbiology. 104 

(6), 1675–1684. 

[18] Datta, P., Tiwari, P. and Pandey, L. M. (2018). Isolation and characterization of 

biosurfactant producing and oil degrading Bacillus subtilis MG495086 from formation water 

of Assam oil reservoir and its suitability for enhanced oil recovery. Bioresearch Technology 

270, 439– 448.   

[19] De Nevers, N. and Grahn, R. (1991). Fluid mechanics for chemical engineers. McGraw-Hill.  

[20] Deblina, D., Namrata, M., Taishee, P., Veena, S. and Bhaskara, Rao K.V. (2016). 

Evaluation of Biosurfactant producing activity of Bacillus thuringiensisVITNDUVNB04 

isolated from oil contaminated soil by various methods. Research Journal Pharmaceutical and 

Technology. 9(12):2186-2190. 

[21] Dhundale, V.R., Hemke, V.M., Salve, S., Sharyu, G., Budhwant, J., Aglave, T. and Desai, 

D. (2018). Production and stability studies of the Biosurfactant Isolated from Alkaliphilic 

Bacterium SJS1. Biology Science. Research. Bulletin. 34, 1–7. 

[22] Elazzazy, A.M., Abdelmoneim, T.S. and Almaghrabi, O.A. (2015). Isolation and 

characterization of biosurfactant production under extreme environmental conditions by 

alkali-halothermophilic bacteria from Saudi Arabia. Saudi Journal Biology Science. 

22(4),466–475.  

[23] Ewida, A.Y.I. and Mohamed, W. S. E. (2019). Isolation and characterization of 

biosurfactant producing bacteria from oil contaminated water. Biosciences Biotechnology 

Research Asia.,16(4), 833-841.  

[24] Fakruddin, M. (2012). Biosurfactant: production and application. Journal 

Petrolium Environmental Biotechnology, 3(4), 1-5.  



Shereen Mohamed El-Said Asker  et al.                                       J. Sci. Res. Sci., 2024, 41, (2),47:70 

-65- 

[25] Fenibo, E.O., Ijoma, G.N., Selvarajan, R. and Chikere, C.B. (2019). Microbial surfactants:  

the next generation multifunctional biomolecules for applications in the petroleum industry 

and its associated environmental remediation. Microorganisms.7,1–29.  

[26] Fouda, A., El-Gamal, M.S., Abdel-Shakour, E.H. and Radwan, A.A. (2016). Optimization 

and improvement of biosurfactant production for Pseudomonas aeruginosa 4.2 and Bacillus 

cereus 2.3 strains isolated from oily polluted soil sample. International Journal Advances 

Research Biology Science, 3 (1), 76–87. 

[27] Freitas, F., S., Lage, T.C.A., Ayupe, B.A.L., Siqueira, T.P., Barros, m. and Tótola, M. R. 

(2020). Bacillus subtilis TR47II as a source of bioactive lipopeptides against Gram-negative 

pathogens causing nosocomial infections. 3 Biotechnology, 474, 1-10.  

[28] Galitskaya, P., Karamova, K., Biktasheva, L., Galieva, G., Gordeev, A. and 

Selivanovskaya, S. (2022). Lipopeptides Produced by Bacillus Mojavensis P1709 as an 

Efficient Tool to Maintain Postharvest Cherry Tomato Quality and Quantity. Agriculture, 

12(609), 1-14.  

[29] Garifullin, M.S., Solobodina, Y.N., Bikzinurov, A.R., Giniatullin, R.A., and Logacheva, 

A.G. (2020). Control of the degradation of the mineral transformer oils hydrocarbon base. 

Conferences 216,01055,1-5. 

[30] Gaur, V.K., Sharma, P., Sirohi, R., Varjani, S., Taherzadeh, M.J., Chang, J.S., Ng, H.Y., 

Wong, J.W.C. and Kim, S.H. (2022). Production of biosurfactants from agro-industrial 

waste and waste cooking oil in a circular bioeconomy: An overview. Bioresource Technology 

343, 126059,1-13.  

[31] Gebaly, E.E. (2020). Screening of biosurfactant production by bacterial strains isolated from 

oil contaminated sites near gas stations in Egypt. Journal Pharmaceutical Science,61, 134-146. 

[32] Graziano, M., Rizzo, C., Michaud, L., Porporato, E.M.D., Domenico, E.D., Spano, N., 

and Giudice, A.L. (2016). Biosurfactant production by hydrocarbon-degrading 

Brevibacterium and Vibrio isolates from the sea pen Pteroeides pinosum (Ellis, 1764). Journal 

Basic Microbiology, 56, 963–974. 

[33] Jimoh, A.A. and Lin, J. (2019). Biosurfactant: A new frontier for greener technology and 

environmental sustainability. Ecotoxicology and Environmental Safety, 184, 109607, 1-19.  

[34] Joshi, S.J., Al-Wahaibi, Y.M., Al-Bahry, S.N., Elshafie, A.E., Al-Bemani, A.S., Al-Bahri, 

A. and Al-Mandhari, M.S. (2016). Production, Characterization, and Application of Bacillus 

licheniformis W16 Biosurfactant in Enhancing Oil Recovery. Frontiers in Microbiology,7,1-

14.  

[35] Kalvandi, S., Garousin, H., Pourbabaee, A.A. and Farahbakhsh, M. (2022). The Release 

of Petroleum Hydrocarbons from a Saline-Sodic Soil by the New Biosurfactant-Producing 

Strain of Bacillus sp. Scientific Reports, 12, 19770.  

[36] Karlapudi, A.P., Venkateswarulu, T.C., Tammineedi, J., Kanumuri, L., Ravuru, B.K., 

Dirisala, V. and Kodali, V.P. (2018). Role of biosurfactants in bioremediation of oil 

pollution-a review. Petroleum. 4(3)241-249.  

[37] Kheiralla, Z.H. , Ashour, S. M., Rushdy, A. A. and Ahmed, H. A. (2013). 

Characterization of Biosurfactants Produced by Halobacillus Dabanensis and Pontibacillus 



Shereen Mohamed El-Said Asker  et al.                                       J. Sci. Res. Sci., 2024, 41, (2),47:70 

-66- 

Chungwhensi Isolated from Oil Contaminated Mangrove Ecosystem in Egypt. Applied 

Biochemistry and Microbiology. 49, (3), 263–269.  

[38] Horowitz, S., Gilbert, J.N. and Griffin, W.M. (1990). Isolation and characterization of a 

surfactant produced by Bacillus licheniformis 86. Journal Industrial Microbiology. 6,243-248. 

[39] Li, J., Deng, M., Wang, Y. and Chen, W. (2016). Production and characteristics of 

biosurfactant produced by Bacillus pseudomycoides BS6 utilizing soybean oil waste. 

International Biodeterioration & Biodegradation 112, 72-79.  

[40] Liepins, J., Balina, K., Soloha, R., Berzina, I., Lukasa, L.K. and Dace, E. (2021). 

Glycolipid Biosurfactant Production from Waste Cooking Oils by Yeast: Review of Substrates, 

Producers and Products. Fermentation. 7, 136. 

[41] Maherani, V.F.A., Mubarik, N.R., Priyanto, J.A. and Putra, I.P. (2024). Biosurfactant 

Activity of Bacillus sp. Strain LP04 Isolate and Its Antifungal Potency against Ganoderma 

boninense and Fusarium sp. HAYATI Journal Biosciences, 31(4),1-9. 

[42] Manaargadoo-Catin, M., Ali-Cherif, A., Pougnas, J.L. and Perrin, C., (2016). Hemolysis 

by surfactants-a review. Advances in Colloid and Interface Science. 228, 1–16.  

[43] Manetsberger, J., Gómez, N.C., Soria-Rodríguez, C., Benomar, N. and Abriouel, H. 

(2023). Simply Versatile: The Use of Peribacillus Simplex in Sustainable Agriculture. 

Microorganisms, 11(10),2540,1-13.  

[44] McInerney, M.J. Javaheri, M. and Nagle Jr., D.P. (1990). Properties of the biosurfactant 

produced by Bacillus licheniformis strain JF-2, Journal Industry Microbiology. 5 ,95-101. 

[45] Miao, Y., To, M. H., Siddiqui, M.A., Wang, H., Lodens, S., Chopra, S.S., Kaur, G., 

Roelants, S. L.K.W. and Lin, C.S.K. (2024). Sustainable biosurfactant production from 

secondary feedstock—recent advances, process optimization and perspectives. Frontiers in 

Chemistry.12 ,1-23.  

[46] Montecillo, J.A.V. and Bae, H. (2022). Reclassification of Brevibacterium Frigoritolerans 

as Peribacillus Frigoritolerans Comb. Nov. Based on Phylogenomics and Multiple Molecular 

Synapomorphies. International Journal of Systematic Evolutionary Microbiology, 72(5).  

[47] Mouafi, F.E., Abo Elsouda, M.M. and Moharam, M.E. (2016). Optimization of 

biosurfactant production by Bacillus brevis using response surface methodology. 

Biotechnology Reports. 9,31–37.  

[48] Mouafo, T.H., Mbawala, A. and Ndjouenkeu, R. (2018). Effect of Different Carbon 

Sources on Biosurfactants’ Production by Three Strains of Lactobacillus spp. Biomedical 

Research International (1)2018,1-15. 

[49] Moussa, T. A. A., Mohamed, M.S. and Samak, N. (2014). Production and Characterization 

of Di-Rhamnolipid Produced by Pseudomonas Aeruginosa TMN. Brazilian Journal Chemical 

Engineering.31, 867–880.  

[50] Ndibe, T.O., Eugene, W.C. and Usman, J.J. (2018). Screening of biosurfactant-producing 

bacteria isolated from river Rido, Kaduna, Nigeria. Applied Science Environmental 

Management, 22(11),1855–1861.  



Shereen Mohamed El-Said Asker  et al.                                       J. Sci. Res. Sci., 2024, 41, (2),47:70 

-67- 

[51] Parthipan, P., Preetham, E., Machuca, L., Rahman, P.K.S.M., Murugan, K. and 

Rajasekar, A. (2017). Biosurfactant and Degradative Enzymes Mediated Crude Oil 

Degradation by Bacterium Bacillussubtilis A1. Bio-corrosive microbial communities in 

petroleum facilities. Frontiers Microbiology,8:1-12. 

[52] Płaza, G.A., Chojniak, J.  and Banat, I.M. (2014). Biosurfactant Mediated Biosynthesis of 

Selected Metallic Nanoparticles. International Journal of Molecular Sciences, 15, 13720-

13737.  

[53] Purwasena, I.A., Astuti, D.I., Syukrona, M., Amaniyaha, A. and Sugaib, Y. (2019). 

Stability test of biosurfactant produced by Bacillus licheniformis DS1 using experimental 

design and its application for MEOR. Journal of Petroleum Science and Engineering 

183,1063,1-9.  

[54] Qamar, S.A., Qamar, M., Bilal, M., Bharagava, R.N., Ferreira, L.F.R., Sher, F. and 

Iqbal, H. M., (2021).     Cellulose-deconstruction potential of nano-biocatalytic systems: A 

strategic drive from designing to sustainable applications of immobilized cellulases. 

International Journal of. Biology Macromolecules. 31:185:1-19. 

[55] Qamar, S., A. and Pacifico, S. (2023). Cleaner production of biosurfactants via bio-waste 

valorization: A comprehensive review of characteristics, challenges, and opportunities in bio-

sector applications. Journal of Environmental Chemical Engineering 11(6), 111555,1-20.  

[56] Rawat, G., Kumar, V., Kumar, A., Naik, B., Saris, P.E.J., Khan, J.M. and Kumar, V. 

(2024). the potential of novel Bacillus sp. G6: Isolation, characterization, and optimization of 

biosurfactant production from oil-contaminated soil. Journal of Molecular Liquids, 396, 

124013,1-15.  

[57] Renard, P., Canet, I., Sancelme, M., Wirgot, N., Deguillaume, L. and Delort, A.M. (2016). 

Screening of Cloud Microorganisms Isolated at the Puy de Dôme (France) Station for the 

Production of Biosurfactants. Atmospheric Chemistry and Physics.16(18), 12347–12358.  

[58] Sakr, E. A.E., Ahmed, H.A.A. and Abo Saif, F.A.A (2021). Characterization of low-cost 

glycolipoprotein biosurfactant produced by Lactobacillus plantarum 60 FHE isolated from 

cheese samples using food wastes through response surface methodology and its potential as 

antimicrobial, antiviral, and anticancer activities. International Journal of Biological 

Macromolecules. 170, 94-106. 

[59] Satpute, S.K., Bhawsarm, B.D., Dhakephalkar, P.K., and Chopade, B.A.  (2008). 

Assessment of different screening methods for selecting biosurfactant producing marine 

bacteria. Indian Journal of marine science,37 (3), 243–250.  

[60] Setiani, N.A., Agustina, N., Mardiah, I., Hamdani, S. and Astriany, D. (2020). Potensi 

Bacillus cereus dalam produksi biosurfaktan. Journal Biology Udayana. 24(2), 135-141. 

[61] Sheshtawy, H.S.E, Aiad, I. Osman, M.E., ELnasr, A.A.A. and Kobisy, A.S. (2015). 

Production of biosurfactant from Bacillus licheniformis for microbial enhanced oil recovery 

and inhibition the growth of sulfate reducing bacteria. Egyptian Journal of Petroleum, 24(2),1-8. 

[62] Shoeb, E., Ahmed, N., Akhter, J., Badar, U., Siddiqui, K., Ansari, F.A., Waqar, M., 

Imtiaz, S., Akhtar, N. and Shaikh, Q.U.A. (2015). Screening and characterization of 



Shereen Mohamed El-Said Asker  et al.                                       J. Sci. Res. Sci., 2024, 41, (2),47:70 

-68- 

biosurfactant producing bacteria isolated from the Arabian Sea coast of Karachi. Turkish 

Journal Biology. 39, 210–216.  

[63] Siddique, Z.B., Basu, S. and Basak, P.  (2021). behavior of natural ester based mineral oil 

blend dispersed with TiO2 and ZnO nanoparticles as insulating fluid for transformers. Journal 

of Molecular Liquids 339 (2021) 116825, 1-10. 

[64] Silva, I.A., Fortunato, J.G.L.A., Almeida, F.C.G., Alves, R.N., Cunha, M.C.C., Rufino, 

R.D., Fernandes, M.L.B. and Sarubbo, L.A. (2024). Production and Application of a New 

Biosurfactant for Solubilisation and Mobilisation of Residual Oil from Sand and Seawater. 

Processes 2024, 12, 1605.  

[65] Sun, W., Zhu, B., Yang, F., Dai, M., Sehar, S., Peng, C. Z. and Naz, I. (2021). Optimization 

of biosurfactant production from Pseudomonas sp. CQ2 and its application for remediation of 

heavy metal contaminated soil, Chemosphere 265 (2021), 129090.  

[66] Thavasi, T. R., Sharma, S. and Jayalakshmi, S. (2011). Evaluation of screening methods 

for the isolation of biosurfactant producing evaluation of screening methods for the isolation 

of biosurfactant producing marine bacteria. Journal petroleum environmental biotechnology,1-

6.  

[67] Uzoigwe, C., Burgess, J.G., Ennis, C.J. and Rahman, P.K.S.M. (2015).  Bioemulsifiers 

Are Not Biosurfactants and Require Different Screening Approaches. Frontier Microbiology. 

6(245)1-6.  

[68] Youssef, N.H., Duncan, K.E., Nagle, D.P., Savage, K.N., Knapp, R.M. and McInerney, 

M.J. (2004) Comparison of methods to detect biosurfactant production by diverse 

microorganism. Journal Microbiology Methods 56,339-347.  

[69] Zhang, J., Xue, Q., Gao, H., Lai, H. and Wang, P. (2016). Production of lipopeptide 

biosurfactants by Bacillus atrophaeus 5-2a and their potential use in microbial enhanced oil 

recovery. Microbial Cell Factories, 15(168),1-12. 



Shereen Mohamed El-Said Asker  et al.                                       J. Sci. Res. Sci., 2024, 41, (2),47:70 

-69- 

 الملخص العربي

دراسة انتاج المواد البكتيرية الخافضة للتوتر السطحي باستخدام نفايات الزيوت الصناعية كمصدر كربوني 

 يستخدم في محطات انتاج الطاقة الكهربائية 

 . 2ا.د زينب حسن خيرالله، 2د. هالة عبد المنعم أحمد، 2 د. شيماء محمد عبد السلام، 1*السيد عسكرشيرين محمد 

 1.المعامل الكيماوية المركزية، الشركة المصرية لنقل الكهرباء، القاهرة، مصر.
 .مصر، القاهرة جامعة عين شمس، ،للآداب والعلوم والتربيةكلية البنات .2

 الملخص العربي : 

اهتمامًا كبيرًا نظرًا لإمكانياتها في   الصناعية  العضوية  النفايات  السطحي من  للتوتر  الخافضة  المواد  إنتاج  لقد حظي 

سلالات بكتيرية من  ثمانيتوفير تكاليف الإنتاج. تم اختبار إنتاج وخصائص المواد الخافضة للتوتر السطحي المحضرة بواسطة 

التبادل الأنيوني    Peribacillus frigoritolerans. و  Bacillus spنوع   لراتنج  الحيوي  الغشاء  تم عزلهم سابقًا من  الذين 

الصناعية   الزيوت  نفايات  باستخدام  إنتاجها  تم  وقد  الكهربائية )مصر(.  الطاقة  إنتاج  في محطات  المحولات المستخدم  )زيوت 

. يشمل فحص واختبار منتجي المواد لتوتر السطحيكمصادر بديلة ورخيصة للكربون لإنتاج المواد الخافضة ل(  التربينات وزيوت  

الخافضة للتوتر السطحي، وفقًا لمعايير مختلفة وهي: اختبار انحلال الدم، قياسات التوتر السطحي، اختبار انتشار الزيت، مؤشر  

وقد أظهرت قيم الثبات نتائج استحلاب كبيرة عند درجة الأس   .( وإنتاجية المواد الخافضة للتوتر السطحيEI24الاستحلاب )

  >٪( Bacillus licheniformus BaDB24 (75.6)٪<   ) Bacillus cereus SH1663.05وكانت لـ  12الهيدروجيني 

Peribacillus Frigoritolerans  (29)٪  درجة مئوية فقد أظهرت قيم استحلاب ل  75. ووفقا لثبات درجة الحرارة عند 

Peribacillus Frigoritolerans  (60.5  %  )<    Bacillus licheniformus BaDB24    (35,2%  )<   Bacillus 

cereus SH16  (25  %  كما أظهرت الملوحة عند نسبة .)ثبات قيم الإستحلاب ل  ٪ 14 Peribacillus frigoritolerans 

(60.8٪  )<  Bacillus licheniformus BaDB24  (58.95٪  )<    Bacillus cereus SH16(41.7٪  .) كانت وقد 

الكائنات الحية الدقيقة المدروسة قادرة على إنتاج المواد الخافضة للتوتر السطحي من زيوت النفايات الصناعية. ومن بين السلالات 

ليكونا    Peribacillus frigoritoleransو  Bacillus licheniformus BaDB24المختبرة، تم اختيار نوعين من البكتيريا 

 الخيار الافضل لإنتاج المواد الخافضة للتوتر السطحي.


