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                                                                                 ABSTRACT 

Biodegradation of hydrocarbons by natural populations of microorganisms is the main process acting 

in the depuration of hydrocarbon polluted environments. Unregulated use of hydrocarbons causes 

high pollution to the environment which causes catastrophic consequences for the biotic and abiotic 

components of the ecosystem. The present work was to isolate and identify the hydrocarbon 

degrading bacteria. In this direction samples were collected from various oil contaminated sites. The 

isolated strains were further studied to determine their biodegradation activity on hydrocarbons. 

Microbial growth and protein profile was determined using calorimeter. In this study we observed 

that, the culture 7 has maximum potential for the degradation the oil at pH 11, and 37 C. The culture 

7 degrades 71% kerosene as well as crude oil. 
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INTRODUCTION

Biodegradation is the usage of bioremediation 

and biotransformation approaches to exploit 

the natural capacity of the bacterial xenobiotic 

metabolism to remove or accumulate 

contaminants in the atmosphere, particularly 

hydrocarbons [1]. Episodic and chronic oil 

pollution causes major disruption of the local 

ecological environment [2]. Light 

hydrocarbons (gas, gasoline , diesel), synthetic 

hydrocarbons (lubricants, synthetic oil , palm 

oil), halogenated solvents, and other large 

molecules (polycyclic aromatic hydrocarbons, 

PAHs, etc.) are the oil polluting compounds [3]. 

Organic compounds are implicated in almost 

75 per cent of these contaminated sites' 

pollution [4]. Many substances are destroyed 

quickly, some are resistant to degradation and 

some are non-biodegradable. Biodegradation 

of various petroleum compounds occurs 

concurrently but at different rates because 

different species of microbes target different 

compounds preferentially [5]. Which 

contributes to the gradual disappearance over 

time of individual petroleum components. 

Microorganisms generate enzymes which are 

responsible for attacking the hydrocarbon 

molecules in the presence of carbon sources. 

Biodegradation principles are based upon 

bioattenuation, bioaugmentation, and 

biostimulation [6]. Crude oil (petroleum) a 

liquid blended with a variety of hydrocarbon 

compounds obtained from ancient remains of 

algae and plants and found in reservoirs below 

the surface of the Earth [7]. Some crude oils 

have specific constituents of nitrogen and 

sulphur containing molecules ("resins"). 

Particular content of crude oil: Crude oil is a 

complex mixture of hydrocarbons such as 

Paraffin (15-60%), Naphthalene (30-60%), 

Aromatics (3-30%), Asphaltics (remainder) and 

chemicals [8]. Depending on where and how 

the petroleum was produced the composition 

varies widely. A chemical analysis can in reality 

be used to fingerprint the petroleum source. 

Yet the characteristic properties and 

composition of raw petroleum or crude oil 

were defined [9].  Shukor, M.Y., et al., 2009 

identified diesel degrading strain isolated from 

a contaminated site with hydrocarbons.
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Based on partial 16S rDNA molecular 

phylogeny and biologic GP microplate panels 

and micro log database, the isolate was 

tentatively classified as Staphylococcus 

aureus strain DRY11. Isolate 11 showed an 

almost linear increase in cellylar growth as 

regards concentration of diesel.Optimization 

studies using different nitrogen sources 

showed that the best nitrogen source was 

potassium nitrite. An almost complete 

removal was seen from the reduction in 

hydrocarbon peaks observed using Solid 

Phase Micro Extraction Gas Chromatography 

analysis after 5 days of incubation [10]. 

Yussoff, N.A., et al., 2010, isolate four species 

of bacteria, Acinetobacter lwoffi, Aeromonas 

hydrophila, Pseudomonas aeuroginosa and 

Pseudomonas putida from soil contaminated 

hydrocarbons and selected for the 

determination of growth requirements and 

the ability to degrade petroleum 

hydrocarbon. The bacteria were grown in 

mineral salt medium (MSM) supplemented 

with two types of crude oil, either Sumandak 

or South Angsi at 1% (v/v) concentration. Gas 

chromatography analysis showed that the 

South Angsi crude oil components of C12 to 

C25 were more extensively degraded by A. 

lwoffi after 24 hr of incubation compared to 

the other bacteria over the same period [11]. 

Bijay Thapa, Ajay Kumar KC, et al., 2012, 

illustrated the pros and cons of using 

bioremediation process for the remediation 

of petroleum contaminants in soil. They 

included land farming, composting, anaerobic 

degradation, bioaugmentation, 

biostimulation etc. and they thus developed 

most efficient and less time consuming 

technologies [12]. KV Sajna., 2015, had 

worked on the isolation of the bacterial 

strain. In this direction samples were 

collected from the New York. In this study, by 

applying the various isolation techniques 

almost twenty potent bacterial strains were 

isolated.  These bacterial strains were allowed 

to grow by providing suitable nitrogen and 

carbon sources so that it was found that 

Acinetobacter baumanni, Serratia 

marcescens and Pseudomonas sp. were able 

to degrade the hydrocarbons at much higher 

rates. An optimum pH and temperature was 

also provided for growth of bacteria. The 

bacterial strains were incubated for certain 

period to reach optimum growth kinetics 

[13]. 
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MATERIALS AND METHODS 

Sample collections:  

Samples were taken from 2-2.5 inches below 

ground level in sterile polybags and were 

brought to laboratory. Sample from garage 

and service workshop were black in color 

while sample from petrol pump was sandy 

and off white brownish in color. Two month 

old used engine oil was collected from 

Shakeel Mechanic’s shop, Gomti Nagar, 

Lucknow. Oil sample was brownish black in 

color [14]. 

Isolation of oil degrading bacteria:  

The collected soil samples were serially 

diluted in sterilized 0.85% saline and spread 

over the nutrient agar plates. The culture 

plates were incubated at 37°C for 24 hours, 

once the growth observed then these 

cultures were selected on the behalf of 

morphological parameters and streaked over 

nutrient agar plates [15]. Further the 

screening of oil degrading bacteria was 

performed by screening the protein profile by 

lowrys assay [16] on the minimal salt media 

supplemented with oil and observing the 

clear zones on minimal salt agar media with 

oil. 

Media selection:  

The best media was selected on the basis of 

maximum growth of culture and maximum 

protein production by protein profile analysis. 

Additional effect of pH and temperature was 

performed [17, 18]. 

Bacterial Growth Curve:  

The culture was inoculated in sterilized 

optimized media and incubated at 37°C for 

few weeks. Then OD was taken at 620 nm, in 

spectrophotometer, after 24 hours of time 

interval [19]. 

Oil degradation percentage:  

Culture 7 was inoculated in minimal salt 

media supplemented with 1% oils and 

incubated for observing the oil degradation 

and calculating its percentage [20]. 

Oil Degradation% = 
 
𝐕 𝐨𝐟 𝐨𝐢𝐥 𝐨𝐧 𝟎 𝐝𝐚𝐲 − 𝐕 𝐨𝐟 𝐨𝐢𝐥 𝐨𝐧 𝟓𝐭𝐡 𝐝𝐚𝐲

𝐕 𝐨𝐟 𝐨𝐢𝐥 𝐨𝐧 𝟎 𝐝𝐚𝐲
𝒙𝟏𝟎𝟎 

 

RESULTS 

Collection of sample:  

The soil samples were collected from four 

different areas, such as: 

i. Shakil Garage, Gomti Nagar, 

Lucknow. 

ii. Rakesh Service Workshop, 

Transport Nagar, Agra. 

iii. Indian Oil Petrol pump, Mathura 

Road, Agra. 

iv. Petrol pump, near Bank Of India, 

Gomti Nagar, Lucknow
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        S1                S2                S 3               S 4 

Figure 1: soil samples collected from oil 

contaminated sites. 

Isolation of oil degrading bacteria:  

Bacteria from oil were isolated by serial 

dilution method and spread plate method. 

These colonies were further selected on the 

basis of morphology and then pure cultures 

were prepared by streak plate method. 

 

a: spread plates          b: streak plates 

 

Figure 2: Grown bacterial cultures on spread 

plates and streak plates. 

 

Screening of purified cultures for oil 

degradation potential:  

The cultures were inoculated to the minimal 

salt media supplemented with 1% oil and 

then the OD was taken after 24 hours for the 

analysis of bacterial growth and protein 

profile. Where culture 3,7,11 shown 

maximum production further the screening of 

these three cultures were carried out by the 

clear zone appearance on the minimal agar 

media with oil where culture 7 shown 

maximum zones and selected for oil 

degradation. 

Table 1:  Determination of growth and protein profile of cultures at 620 nm and 680 nm and its 

concentration. 

Isolates  Days OD (620 nm) OD (680 nm) Conc. (mg/ml) 

C 1. 1. 0.00 0.01 0.002 

3. 0.00 0.00 0.00 

 5. 0.01 0.01 0.002 

C 2. 1. 0.00 0.00 0.00 

3. 0.02 0.02 0.01 

5. 0.01 0.01 0.002 
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C 

3.  

1. 0.00 0.00 0.00 

3. 0.02 0.03 0.014 

5. 0.00 0.01 0.002 

C 

4. 

1. 0.00 0.02 0.01 

3. 0.00 0.01 0.002 

5. 0.00 0.00 0.00 

C 

5. 

1. 0.00 0.00 0.00 

3. 0.10 0.01 0.002 

5. 0.08 0.01 0.002 

C 

6. 

1. 0.00 0.00 0.00 

3. 0.02 0.02 0.01 

5. 0.05 0.01 0.002 

C 

7. 

1. 0.00 0.00 0.00 

3. 0.03 0.03 0.014 

5. 0.01 0.01 0.002 

1. 0.02 0.02 0.01 

C 

8. 

3. 0.01 0.01 0.002 

5. 0.00 0.00 0.00 

C 

9. 

1. 0.00 0.01 0.002 

3. 0.10 0.00 0.00 

5. 0.01 0.01 0.00 

C 

10. 

1. 0.00 0.00 0.00 

3. 0.00 0.02 0.01 

5. 0.04 0.01 0.002 

C 

11. 

1. 0.00 0.00 0.00 

3. 0.02 0.03 0.014 

5. 0.03 0.01 0.002 

C 

10. 

1. 0.00 0.02 0.01 

3. 0.08 0.01 0.002 

5. 0.02 0.00 0.00 

 

 

 

Figure 3: Graphical representation of the protein profile analysis of cultures on day 1, 3,5 

 

Vol.1 (3), 330-342, June (2020)                                                                                              335 



Jain S et al                                                                                                                   Research Article 

 

Table2. Study of colony morphology 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: clear zone shown by culture 7 on 

minimal agar media and oil. 

 

 

 

 

Identification of culture by biochemical 

tests: 

Table 3: The selected culture 7 was 

identified by various biochemical tests. 

Tests  Results  

Grams staining Positive (Bacillus) 

Endospore test Positive  

Catalase test Positive  

Mannitol test  Negative. 

 

.  
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Cultures  Shape Surface  Elevation Margin Texture 

C 1. Circular Rough Flat Entire Hard 

C 2. Circular Rough  Raised Entire Hard 

C 3.  Circular Smooth Flat Entire Gummy 

C 4.  Circular Smooth  Convex Entire Gummy 

C 5. Irregular Smooth Convex Discrete Gummy 

C 6. Circular Smooth Convex Discrete Gummy 

C 7.  Circular Smooth Convex Discrete Gummy 

C 8.  Circular Smooth Convex Discrete Gummy 

C 9. Circular Smooth Convex Discrete  Hard 

C 10. Circular Smooth Convex Entire Gummy 

C 11.  Circular Rough  Flat  Entire Gummy 

C 12.  Circular Rough  Flat  Entire Gummy 
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Figure 5: flow chart for the characterization of 

the culture 7. 

Selection of production media:  

The media optimization was carried out by 

applying the one factor at a time method.  

A: Selection of media:  

Selection was carried out on the basis of 

bacterial growth and protein profile analysis. 

Where MSM 1 media was selected as best 

media for oil degradation. 

Table 4:  Bacterial growth of culture 7 on 

media at 620 nm. 

 

Table 5: Protein profile of the culture 7 on 

media at 680 nm. 

 

 

Figure 6: Graphical representation of the 

protein profile of culture7 
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Media OD 

(680nm) 

Conc. 

(mg/ml) 

1 day 

NB 0.00 0.00 

LB 0.03 0.014 

MSM1 0.16 0.064 

MSM2 0.11 0.02 

2 day 

NB 0.09 0.02 

LB 0.06 0.012 

MSM1 0.30 0.26 

MSM2 0.13 0.04 

3 day 

NB 0.03 0.014 

LB 0.06 0.012 

MSM1 0.56 0.30 

MSM2 0.11 0.02 

Media OD (620 nm) 

1 day 3 day 5 day 

NB 0.57 1.16 1.01 

LB 0.18 1.11 0.45 

MSM-1 0.18 0.45 1.10 

MSM-2 0.11 0.13 0.11 
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B: Effect of pH and temperature on bacterial 

growth:  

pH 11 and 37°C temperature shows maximum 

production of culture 7 

Table 6: Effects of pH on the growth of 

culture 7 

 

Table 7: Effects of temperature on the 

growth of culture 7 

 

Calculation of oil degradation percentage of 

culture 7 

 

 

Figure 7:  representation of modified media 

with crude oil, petrol, diesel and kerosene 

with culture 7 

Table 8: Determination of oil degradation 

percentage of culture7 
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pH OD (620nm) 

1 day 3 day 5 day 

5 0.08 0.09 0.03 

7 0.03 0.06 0.06 

9 0.05 0.03 0.00 

11 0.10 0.27 0.99 

Temperat

ure 

Growth Remarks 

22OC No Growth - 

28oC Growth ++ 

37OC Growth +++ 

50OC Growth + 

Oil Percentage of 

degradation of oil 

Crude oil 71 % 

Petrol  21 % 

Diesel  46 % 

Kerosene  71 % 
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Figure 8: Graphical representation of oil 

degradation percentage of culture 7 

DISCUSSION AND CONCLUSION 

In this study the soil sample was collected 

from various oil contaminated sites because 

the aptitude of native bacterial residents to 

petrify crude oil contaminated hydrocarbons 

in crude oil contaminated site were 

confirmed by many researchers [21]. Further 

microorganism was isolated by serial dilution 

method. Firstly the culture was screened on 

the basis of growth and the protein profiling 

in the presence of MSM-1 hence the culture 1 

from the sample 4 was selected for the oil 

degradation potential hence termed as 

culture 7. 

After the selection of the culture the media 

was selected for the enhancement of the 

growth of the culture the four media LB, 

NB,MSM-1, MSM-2 was selected for this 

purpose, NB is composed of yeast, beef, 

peptone, NaCl, and LB composed of yeast, 

peptone, NaCl. MSM-1 and MSM-2 composed 

of various salts, supplemented with engine oil 

was determined by growth kinetics 

throughout the incubation period that reflect 

the ability of isolated Bacillus sp., to degrade 

and utilize crude oil as carbon source. This 

technique has been used several studies to 

determine the oil degradation potential of 

bacteria in crude oil. On the basis of the 

growth kinetics and protein 

profile we select one carbon source,  

In the current study purified culture was 

characterized for various staining and 

biochemical tests according to Bergey’s 

manual [22]. The isolated strains were 

characterized in the basis of morphological 

analysis, gram staining, endospore staining 

and by some biochemical tests including 

catalase test, mannitol test, NaCl 

concentration test and protease test. Results 

were obtained by comparing the results with 

Bergey’s manual also done earlier by [23].  

The isolate showing maximum oil 

degradation abilities was found to be gram 

positive, bacillus sp., endospore positive, 

catalase positive and mannitol negative. 

Thus, specie was identified as Bacillus cerus. 
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