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ABSTRACT:This study aimed to screening bacteria, fungi, and plants from petroleum-contaminated soil
for their ability to produce bio emulsifiers. The readymade cultures of 4 bacteria, 3 fungi and 3 plants were
used. The isolates were used for screening of microbes producing bio emulsifier using the drop collapse and
emulsification index methods. Out of the 10 isolates, all were found to produce bio emulsifiers. These
included four bacteria, three fungi, and three plants. The bacteria that produced bio emulsifiers were
identified as Pseudomonas aeruginosa, Bacillus subtilis, Staphylococcus aureus, and Escherichia coli. The
fungi were identified as Aspergillus flavus, Aspergillus niger , and Candida albicans. The plant that produced
a bio emulsifier was identified as Neem, Nagveli and Spirulina. The outcomes demonstrated the strong
emulsification activity of the bio emulsifiers. They were appropriate for use in the bioremediation of soil
tainted with petroleum. This study identified bacteria, fungi, and plants from petroleum-contaminated soil
that can produce bio emulsifiers. The bio emulsifiers produced by these isolates have potential for use in
bioremediation of petroleum-contaminated soil. Further studies are needed to evaluate the effectiveness of
these bio emulsifiers in field-scale applications. To produce diesel, which is a widely utilized fuel for
transportation and industrial applications, hydrocarbons from crude oil must be extracted. Solvent extraction
is a typical process in the extraction process. The diesel fuel is then hydro treated, which improves fuel
quality and lowers emissions by removing impurities and Sulphur compounds. Overall, the process of
separating diesel from crude oil is one that requires several processes, each of which is essential to the
creation of a high-quality fuel.

INDEX TERM: Bio emulsifier, bacteria, fungi, plants, petroleum contaminated soil
INTRODUCTION:

Bio emulsifiers are widely used in various industries, such as pharmaceuticals, cosmetics, petroleum, food,

etc. Emulsifiers can be synthesized chemically or via microbial metabolism (bio emulsifiers). Bio emulsifiers
are versatile chemical compounds that are capable of stabilizing oil-in-water emulsions and are critical in a
variety of industrial applications. They are also referred to as biopolymers or polysaccharides with a high
molecular weight. Even at low concentrations, these molecules emulsify two immiscible liquids efficiently
but are less effective at reducing surface tension. Combining polysaccharides, fatty acids, and protein
components in bio emulsifiers enhances their emulsifying capacity.
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The surface tension decreases with increasing surfactant concentration until the critical micelle concentration
is reached. The drop collapse assay is based on the zone of inhibitions by presence or absence of bio
surfactant activity. The emulsification index test determines whether the bio surfactant has emulsifier
property or by calculating the ratio of the height of liquid formed after overtaxing and leaving it for 24hr.
The Hemolysis test is based on the principle that Bio surfactants can cause lysis of Erythrocytes. Therefore,
positive strains will cause lysis of blood cells and exhibit a greenish and clear colorless, transparent ring
around the colonies. In the oil spread test, the diameter of the clearing zone on the oil surface correlates to
surfactant activity, also called oil displacement activity. For pure bio surfactant a linear correlation between
quantity of surfactant and clearing zone diameter is given.

Several types of microorganisms have been identified as bio emulsifier producers, including bacteria, fungi,
and yeasts. Bacteria are the most studied microorganisms, with many species of the genera Pseudomonas,
Bacillus, and Serratia identified as bio emulsifier producers. Fungi, such as Aspergillus and Candida species,
have also been shown to produce bio emulsifiers. Some of the plant species that have been identified as bio
emulsifier producers include Nagveli, Neem (Azadirachta indica), and Spirulina.

EXTRACTION OF DIESEL.:

The study of extraction of diesel fuel from soil investigated the influence of five factors on the degree of
extraction of a petroleum pollutant from a soil matrix using a Soxhlet apparatus. In order to determine the
optimal combination of five factors, that is the number of cycles per hour, extraction time, solvent type, the
amount of drying agent, and the amount of water added. The method used was Taguchi Method. The basic
technique of environmental pollutant identification for monitoring purposes are methods that allow for
selective separation of chemical elements from complex mixtures, thus enabling both qualitative and
quantitative assessment of pollution.

MATERIALS & METHODS:

1) QUALITATIVE TEST

a. Qualitative tests were used to identify the presence (or absence) of an ion or compound in solution (or in
air).

b. A color change is observed if the concentration of the ion or compound is above a specific minimum
detection limit. Firstly, the freshly prepared Nutrient Agar and Luria Bertani Agar was poured in the Petri
Plates aseptically.

c. The sample, prepared for 7 days incubation, was centrifuged. Centrifugation is necessary for bio surfactant
purification and recovery.

d. For this purpose, centrifugation of culture media was done at 12000 rpm for 30 mins at 40C and cell free
supernatant was prepared.

e. For Primary Screening of bio surfactant producing bacteria, fungi and plants, a qualitative test was
performed using drop collapse test and oil spread test.

a) Drop Collapse Test:

Plates were prepared from agar for both bacteria and plants, 6 plates were prepared by PDA for Fungi.

* The sample was distributed on plates and 5 wells were prepared (4 wells at in each corner and 1 in the
middle) by drilling a well.

* The sample was spread on the plates

* 50 ul of diesel oil in two wells and 50 pl of centrifuge supernatant in the other two wells.
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* Then the plates were incubated at 37°C for 24hrs. After 24hrs the plates were observed and the clear zones
near the wells were determined for activity (Positive/ Negative) of bio surfactant production. (As per fig 1.1
& fig 1.2)

E.coli P.aeruginosa S.aureus  B.subtilis  Nagveli

Spirulina Neem C.albicans  A.niger A .flavus

Fig no. 1.2 Drop collapse test (Luria bertani broth)
b) Oil Displacement test:

*This assay relies on the destabilization of liquid droplets by surfactants. Therefore, drops of a cell
suspension or of culture supernatant are placed on an oil coated, solid surface.

* The petri plates were taken and wash thoroughly with water and Distilled water. 20 ml of Distilled water
to the petri plate was added and then 2ul of crude oil (Diesel) to the surface of water was added.

* Cell free culture broth (10ul) was then added to the oil surface. According to presence or absence of Bio
surfactants in the cell free culture broth, displacement of oil with an oil free clearing zone was occurred and
it indicates the surfactant activity.
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* A negative control (distilled water without surfactants) where no oil displacement was maintained. (As per
fig no.2.1 & fig.no 2.2)

Fig no. 2.1
Oil

P.aeruginosa S.aureus B. subtilis Nagveli

Spirulina Neem C.albicans A.niger A flavus

displacement test (Nutrient broth)

P.aeruginosa  S.aureus B. subtilis Nagveli

Spirulina Neem C.albicans A.niger A flavus

Fig no. 2.20il displacement test (Luria bertani broth)

2) QUANTITATIVE TEST:

a. Firstly, the Nutrient broth and 1% SDS (Sodium Dodecyl Sulphate) solution as a redox indicator was
prepared.

b. Then 10 ml of Nutrient Broth in 10 bottles each and 1 ml of 1% SDS was added and incubated at 50°C at
250rpm for 7 days for inoculation.

c. After 7 days the culture was collected and took the absorbance at 600nm and then collected the cultures at
different intervals (after 30 mins) and centrifuged the cultures at 6000 rpm at 4°C.
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d. The pellet was discarded and the absorbance was taken at 600nm and control as a blank. The readings
taken should be in increasing order after the intervals of 30 mins, so that the percentage of bio surfactant
present culture can be detected by its increasing reading and turbidity. (As per fig.no 3.1& fig.no3.2)

Fig no. 3.2 Quantitative test (Luria bertani broth)

3) EMULSIFICATION ASSAYS:

a. One commonly used method to quantify bio emulsifier production is the emulsification index (E24) assay.
In this assay, a known amount of hydrocarbon (such as diesel or crude oil) is mixed with an aqueous solution
containing the bio emulsifier produced by the microorganisms.

b. Emulsification index is considered a reliable accurate method to screen isolates having capability to
produce bio surfactants. The emulsion test is a method to determine the presence of lipids using wet
chemistry.

c. It was observed that all the 10 isolates (that showed positive qualitative test) showed excellent capability
to emulsify hydrocarbons.
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d. This experiment was performed with a centrifugal culture and petroleum (diesel oil). Culture was
centrifuged at 10,000 rpm at 4 °C for 30 min and collected supernatant in separate tubes.
e. Add 1 ml diesel to it and incubate at room temperature for 24 hours. Two clear zones appear and the 24-
hour emulsification index is
f. calculated (E24%) (As per fig 4.1 & fig.no 4.2)
The formula for Emulsification Index:
E24 (%) = Height of Emulsion Formed %100
Total Height of solution.
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Fig no.4.2 emulsification assay (Luria Bertani broth

4) Blood Hemolysis Test:
a. The confirmation of bio surfactant producing bacterial isolates was done by blood hemolysis test.
b. Freshly nutrient agar was prepared and 5 ml of healthy blood was put into it and for fungus PDA with
blood was prepared with pure culture of bacteria, fungi and plant isolates and incubated at 37°C for 24-48
hrs.
c. According to clear zone observed results were determined were
d. a-hemolysis where the colony was surrounded by greenish zone,
e. p-hemolysis where the colonies surrounded by clear white zone,
f. Y’-hemolysis when there was no change in the medium surrounding the colony.

5) Extraction of Diesel from Contaminated Soil:

a. The extraction of hydrocarbons (Diesel) was done from the contaminated soil.

b. Water and anhydrous sodium sulfate (1:1) were added to the soil samples (5g).

c. The samples prepared were then treated with the Acetone as an extracting reagent. Afterwards the treated
soil was kept in the separating funnel and diesel was extracted by some hours (18-24hrs). (As per fig no. 5)
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Fig no.5 extraction of diesel from contaminated soil

RESULT AND DISSCUSION:

As the two Media were used for the identification of presence and absence of bio surfactant activity, the
results were seen positive. The pure colonies were inoculated in the nutrient media and Luria broth containing
contaminated soil were further screened for bio surfactant producing activity by Qualitative test, quantitative
test, blood hemolysis test and at last the extraction of bio surfactant and hydrocarbons (Diesel) was done.

1) QUALITATIVE TEST:

a) Drop Collapse Test:

In this test the clear zones were observed around wells; for some samples it was around the diesel wells and
for some it was around the centrifuged oil wells. The clear zones showed the production of Bio emulsifiers
or Bio surfactants.

i) Nutrient Medium:
< The qualitative test carried out on nutrient medium showed positive results of production of the Bio
surfactants or Bio emulsifiers from all the microbes and plants.
% E. coli showed the greatest bio surfactant activity on nutrient broth.
ii) Luria Bertani broth:
« The production of Bio emulsifier from microbes and plants were seen positive.
«+ As compared to nutrient broth it was in less quantity.

« A.niger has produced a great amount of bio emulsifier.

b)Oil displacement test: .

> The inner diameter used were seen and many of them showed positive results and the biosurfactant activity
was seen positive or negative.

> The result of the Nutrient broth was more positive than the Luria broth.

> Because the results were immediately visible. Bacillus subtilis showed the greater zone formation in this
analysis of the nutrient broth.

2) QUANTITATIVE TEST:

> |n this method the turbidity of the microorganisms and plants producing bio emulsifier were determined
after incubated the solutions for 7 days.

> After 7 days the turbidity was observed and checked by using the spectrophotometer at 660nm.
> The results were seen to be positive for both the medium (NB/LB).

> E. coli showed 85% production of bio emulsifier in NB while A.niger and C.albicans showed 73%
production of bio emulsifier. Other microorganisms and plants showed the best results as shown in below
table.
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I. Luria Bertani Broth

Sample 1 day 7 days Centrifuged 30 min |60 min
E. coli 0.210 1.927 0.339 0.421
B. subtilis 0.207 1.843 0.308 0.401
AP .eruginosa 0.203 1.019 0.279 0.302
S.aureus 0.304 1.760 0.268 0.338
A.niger 0.259 0.811 0.268 0.342
A flavus 0.288 1.245 0.674 0.723
C.albicans 0.232 1.191 0.342 0.401
Spirulina 0.309 1.155 0.303 0.462
Neem 0.202 1.308 0.300 0.378
Nagveli 0.385 1.342 0.350 0.526
[1. Nutrient broth:

Sample 1 day 7 days Centrifuged 60 min

30 min

E. coli 0.299 1.233 0.330 0.428
B. subtilis 0.191 1.307 0.327 0.460
P.aeruginosa 0.160 1.119 0.378 0.410
S.aureus 0.155 1.278 0.480 0.578
A.niger 0.150 1.187 0.300 0.410
A flavus 0.212 1.134 0.458 0.660
C.albicans 0.231 1.569 0.320 0.428
Spirulina 0.159 1.021 0.428 0.558
Neem 0.143 0.923 0.327 0.456
Nagveli 0.181 1.457 0.460 0.515
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3) EMMULSIFICATION ASSAY

> The mixture was then vortexed and allowed to stand for a specific period of time to allow the emulsion to
form.

> The E24 value was calculated as the percentage of the height of the emulsion layer relative to the total
height of the mixture.

> A higher E24 value indicated a greater ability of the bio emulsifier to emulsify the hydrocarbon.

> The table shows the percentage of production of Bio emulsifiers by the microorganisms and plants in both
the media.

Sample Nutrient Broth Luria Bertani Broth
E. coli 61.53% 46.15%
B. subtilis 46.66% 45.45%
P.aeruginosa 50% 46.15%
S.aureus 64.28% 58.33%
A.niger 58.33% 46.15%
A.flavus 54.54% 54.54%
C.albicans 64.70% 50%
Spirulina 53.33% 35.71%
Neem 61.53% 46.66%
Nagveli 64.28% 50%

4) BLOOD HAEMOLYSIS TEST:

> The desired results were not observed in this test; it showed the negative results for all the strains and
plants used in both the medias.

5) EXTRACTION OF DIESEL FROM THE CONTAMINATED SOIL:

> The pure diesel extraction was done successfully by carrying out the solvent extraction method (Acetone)
after 24hrs.

Production of Bio emulsifier and its applications:

The screening process typically involves collecting soil samples from contaminated sites and Isolation of
microorganisms capable of producing bio emulsifiers. This can be done using various mean techniques such
as enrichment cultures, selective media, and molecular techniques. Fungi, plants, and bacteria have often
been used to produce bio emulsifiers from petroleum contaminated soil. It is known to be produced by fungi
such as Aspergillus and Candida. Highly efficient bio emulsifier. Bacteria such as Pseudomonas, Bacillus,
and E. coli Staphylococcus are also known to produce bio emulsifiers. Plants such as Neem and Nagveli and
Spirulina. For screening emulsifier-producing plants such as Neem, Nagveli, and Spirulina Soil can be
collected and examined for plants that are already adapted to oil polluted environment. These plants can be
identified by the viability of forming emulsifiers with contaminated soil.

Extraction of diesel from the polluted soil was the next step after the identification of the microorganisms
that produce bio emulsifiers. Solvent extraction, supercritical fluid extraction, and thermal desorption are a
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few techniques that can be utilized to recover diesel from contaminated soil. Diesel was typically extracted
from contaminated soil via solvent extraction. This approach involves dissolving the fuel in the polluted soil
by adding a solvent, such as acetone. The solvent-diesel mixture is subsequently removed from the soil using
a variety of methods, including centrifugation or filtration. The diesel is then recovered when the solvent has
evaporated.

The main aim and objectives of our project were 1) Production of Bio emulsifier from microorganisms and
plants 2) Extraction of Crude Oil from Contaminated soil. 3) ldentification of Microorganisms capable of
producing bio emulsifier. These includes bacteria such as Pseudomonas aeruginosa, Bacillus subtilis, E. coli
and Staphylococcus aureus, Fungi such as Aspergillus Niger, Aspergillus Flavus and Candida albicans.
Plants such as Neem, Nagveli and spirulina. The production of Bio emulsifier involves several methods like
drop collapse test, oil displacement test, Emulsification Assay and blood Hemolysis test. By using these
methods, we have seen positive results. The results of all the microbial strains and plants were observed
positive for production of Bio emulsifier. But the Blood Hemolysis Test has not shown the desired Results.
Methods have been reported for the extraction of bio emulsifiers, including solvent extraction, and
precipitation. Solvent extraction is the most used method for bio emulsifier extraction due to its simplicity
and low cost. However, this method may lead to the extraction of impurities along with the bio emulsifier.
For further research chromatographic techniques such as gel filtration, ion exchange chromatography, and
affinity chromatography are highly efficient in isolating and purifying bio emulsifiers. However, these
methods are expensive and require specialized equipment and expertise.
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