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Abstract 
 
Petroleum refineries around the world have generated the solid wastes 
during the refining process and stocking of crude oil. Oily sludge leads 
to critical effects in the environment. The ecology of hydrocarbon 
degradation by microbial populations in the natural environment is 
reviewed, emphasizing the physical, chemical, and biological factors 
that contribute to the biodegradation of petroleum and individual 
hydrocarbons. Rate of biodegradation depends greatly on the 
composition, state, and concentration of the oil or hydrocarbons. 
Temperature and oxygen and nutrient concentrations are important 
variables in both types of environments. Salinity and pressure may also 
affect biodegradation rates in some aquatic environments, and moisture 
and pH may limit biodegradation in soils. Hydrocarbons are degraded 
primarily by bacteria and fungi. Adaptation by prior exposure of 
microbial communities to hydrocarbons increases hydrocarbon 
degradation rates. 
Therefore, in present research work attempts were made to isolate 
hydrocarbon degrading bacteria from the contaminated soil with petrol 
and diesel oil. 8 isolates were isolated and out of 8, 4 best isolates were 
selected for further studies. Biochemical screening of SP5, SP6, SP7 
and SP8 were done. Simultaneously, antibiotic efficacy was also tested 
against tetracycline, ampicilline and oil degrading capacity with 
spectrophotometer analysis were performed. These screening showed 
in which 2 isolates SP5 and SP6 were positive and remaining SP7 and 
sp8 were gram negative. Isolates were tested with various biochemical 
tests. Antibiotic susceptibility tests were performed against tetracycline 
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and ampicilline in which SP6 and SP7 were found to have more 
sensitivity against ampicilline and SP7 and SP8 were sensitive against 
tetracycline. The isolates were screened for their oil degrading capacity 
among them SP6 showed the best growth with oil as a sole source of 
carbon. 
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1. Introduction 
Accidental releases of petroleum products are of particular apprehension in the 
environment. Currently conventional disposal methods of incineration or burial 
insecure landfills can become prohibitively costly when amounts of contaminants are 
large. Bioremediation functions basically on biodegradation, which may refer to 
complete mineralization of organic contaminants into carbon dioxide, water, inorganic 
compounds, and cell protein or transformation of complex organic contaminants to 
other simpler organic compounds by biological agents like microorganisms. Many 
indigenous microorganisms in water and soil are capable of degrading hydrocarbon 
contaminants. The amount of natural crude oil seepage was estimated to be 600,000 
metric tons per year with a range of uncertainty of 200,000 metric tons per year1. of 
hydrocarbons into the environment whether accidentally or due to human activities is a 
main cause of water and soil pollution2. Soil contamination with hydrocarbons causes 
extensive damage of local system since accumulation of pollutants in animals and 
plant tissue may cause death or mutations. The technology commonly used for the soil 
remediation includes mechanical, burying, evaporation, dispersion, and washing3

. 
However, these technologies are expensive and can lead to incomplete decomposition 
of contaminants. The process of bioremediation, defined as the use of microorganisms 
to detoxify or remove pollutants owing to their diverse metabolic capabilities is an 
evolving method for the removal and degradation of many environmental pollutants 
including the products of petroleum industry4. In addition, bioremediation technology 
is believed to be non-invasive and relatively cost-effective5. This paper provides 
information on microbial degradation of petroleum hydrocarbon contaminants towards 
the better understanding in bioremediation challenges. 
 
 
2. Material and Methods 
2.1 Collection  
Soil samples were collected from contaminated sites of Barmer near Mangala oil well, 
Rajasthan were analysed for the presence of hydrocarbon degrading bacteria 

 
2.2 Identification 
Isolated samples were gram stained by four different reagents in the order listed; 
crystal violet, (primary stain), iodine solution (mordant), alcohol (decolourizing 
reagent) and safranin (counter stain).spore staining and capsule staining were also 
performed (table no-1). 
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Biochemical characterization of selected microorganisms:- Biochemical tests 
viz; urease production, starch hydrolysis, carbohydrate fermentation (lactose and 
sucrose), catalase were performed with isolated hydrocarbon utilising bacteria (table 
no-2).  

Starch hydrolysis test: Inoculated a starch plate with the organism to be tested. 
Incubated at for at least 48 hours. Plates were flooded with iodine solution and 
observed results. Blue colour indicates no hydrolysis, while a clear zone indicates 
hydrolysis. The plates were observed for starch hydrolysis as when iodine added, 
colour changes is blue but area which show positive result(where starch is used by 
bacteria) for amylase production shows a clear zone surrounding the microbial 
colonies (fig-1). 

Urease production: Urea agar medium was prepared and the pH was adjusted at 
6.8 and autoclaved it at 1210C for 15 minutes and cools to 500C. Then glucose 1.0 gm 
and phenol red (0.2% solution) 6.0 ml were added to the molten base and steam for 1 
hr., cool to 500C Urea, 20% aqueous solution 100 ml. Sterilized by filtration and added 
aseptically to the basal medium. Mixed well and distributed into sterile container, i.e. 
flasks, culture tubes and allowed the medium to solidify in a slanting position to form 
slopes. Labelled tubes of the media with bacterial culture. Incubate inoculated broth for 
24-48 hrs at 37°C. (Fig-2)  

Carbohydrate fermentation test: Prepared a fermentation medium. Broth taken 
into fermentation tubes was autoclaved at 12 lb pressure for 15 minutes. Labelled each 
of specified fermentation tubes of media with the name of the organism to be 
inoculated. Inoculated the two types of sugar fermentation broth with each bacterium 
(2 per culture) and kept one uninoculated tube of each fermentation broth as 
comparative control. Incubated all the inoculated and uninoculated tubes at 350C for 
24-48 hrs. Observed the reaction that develops in two fermentation media by 
comparing with the uninoculated tubes (control) i.e. change in colour –due to 
production of acid , change in colour and appearance of bubbles – due to production of 
acid and gas (fig-3). 

Catalase test:- A few drops of bacterial broth culture were placed on cavity slide. 
Same amount of hydrogen peroxide were dropped on plate. The plate was observed for 
bubble formation (fig-4). 

Screening of petroleum degraders:- For screening of hydrocarbon degrading 
bacteria 5 ml of broth culture were transferred to the flask and determined the initial 
OD at 600 nm wavelength. Inoculated culture flask was placed in the shaker at 370C 
rpm for 6 hours. 5 ml of the culture to a cuvette were transferred after 30 minutes 
incubation and OD were determined. This process was repeated at each 30-minute 
interval for a period of 6 hours (Graph-1). 

Antibiotic Susceptibility test: - After solidification, cultures were spreaded on 
each labelled agar plate. Four punchers were formed by using gel puncher according 
the division. These punchers were filled with respective antibiotic concentration of 
each labelled plate. All plates were incubated at 370C for 24 hours to observe clear 
zone (table-3, Fig-5a, b). 
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3. Result and Discussion 
 
 
Table 1: gram staining, spore staining and capsule staining of selected isolates 

 
S. No. Bacterial strain Gram’s staining Spore staining Capsule staining 
1. SP-5 Positive Negative Negative 
2. SP-6 Positive Negative Negative 
3. SP-7 Negative Negative Negative 
4. SP-4 Negative Negative Negative 

 
 Table 2: Biochemical characterization of isolated strains  

S. No. Biochemical test  Isolated strain 
SP-5 SP-6 SP-7 SP-8 

1. Starch hydrolysis + _ _ _ 
2. Urease production + _ _ + 
3. Carbohydrate fermentation 

(lactose) 
- - + - 

4. Carbohydrate fermentation 
(sucrose) 

_ +  
+ 

 
+ 

5. Catalase production + +  
+ 

 
+ 

 
 

    
 

Fig. 1: (a) Starch hydrolysis (SP5-8)   Fig. 2: (b) Urease test (SP5-8) 
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Fig. 3: (a) Carbohydrate fermentation lactose (SP5-8) b) sucrose(SP5-8) 
 
 

    
SP5 SP6 SP7  SP8 

Fig. 4: Catalase test. 
 

 

 
 

Graph 1: SP6 isolate with oil degrading activity X =time (hr), y axis =O.D 660 nm. 
 
Antibiotic susceptibility test 
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Table 3: Antibiotic susceptibility of isolates in terms of  
inhibition zone against ampicilline. 

 
Bacterial 
isolates 

10(µg/ml) 20(µg/ml) 30(µg/ml) 40(µg/ml) 50(µg/ml) 

 SP6  12 mm  22 mm  18 mm  20mm  22 mm 
 SP7  20 mm  20 mm  24 mm  28mm  30 mm 

 
 

   
 

Fig. 5: (a) ampicilline (SP6-7)    (b): tetracycline (SP7-8) 
 
 

Table 4: Antibiotic susceptibility of isolates in terms of  
inhibition zone against tetracycline. 

 
Bacterial 
isolates 

10(µg/ml) 20(µg/ml) 30(µg/ml) 40(µg/ml) 50(µg/ml) 

 SP7  10 mm  12 mm  12 mm  20mm  14 mm 
 SP8  10 mm  12 mm  14 mm  16mm  18mm 

 
The contaminated soil samples were enriched with the hydrocarbon degrading 

bacteria and as we isolated total 8 isolates from the oil contaminated soil. Four out of 
the 8 bacterial isolates were selected for further studies. These isolates were purified 
from the soil sample on the basis of colony morphology, texture, growth. The pure 
hydrocarbon utilizing bacterial strain were isolated first in mineral salt broth (minimal 
media) containing 1% crude oil. The observation showed that 2 out of 4 isolates were 
gram positive remaining 2 were gram negative.. Biochemical tests like starch 
hydrolysis, urease production, carbohydrate fermentation and catalase test. The SP6 
out of the four isolates possessed the best growth with oil as a sole source of carbon. 
We examined the antibiotic sensitivity was more of 2 isolates SP6 and SP7 against 
ampicilline. SP7 and sp8 were found to have more sensitivity tetracycline. 
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4. Conclusion 
Environment pollution caused by released of a wide range of compound as a 
consequence of industrial progress has assumed serious proportions. To prevent 
development of hazardous waste the process of bioremediation has been followed. Our 
present study follows the isolation of hydrocarbon degrading bacteria from the 
contaminated soil with petrol and diesel oil. Sample was collected from contaminated 
sites of Barmer, Rajasthan. These were brought to then the laboratory and isolation 
were done on the basis of gram staining. Biochemical tests were performed with 
isolates. The isolates were screened for their oil degrading capacity. Antibiotic 
susceptibility was done with bacterial isolates.  
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