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Abstract 

Oil fields are not uniformly dispensed on the world’s map, but are limited in several areas such as Persian Gulf region. 
Frequent international transport by tankers and shipping accidents makes the oil and its products a most important pollutant 
of ecosystems. After these accidents, different methods have been developed for clean-up of the polluted areas, out of which 
bioremediation has attracted highest attention. The present paper describes the crude oil degradation by bacteria Kocuria sp. 
27/1, isolated from contaminated wastewater by oil hydrocarbons. This bacteria was used for inoculation of mineral salt 
medium containing 500; 1000; 2000; and 4000 ppm of crude oil (v/v). Incubation was performed in orbital shaker (250 rpm) 
at 30°C for 7 days. The optical density of the liquid culture and final oil concentration were measured. Results showed that 
Kocuria sp. 27/1 was capable of crude oil degradation. Throughout the experiment, the optical density was rapidly increased 
comparing to the control. The results obtained by this research showed that Kocuria sp. 27/1 can potentially be used for 
application in crude oil biodegradation of natural environments.  
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1. Introduction1 

Crude oil is a liquid mixture of thousands 
hydrocarbons and nonhydrocarbon compounds. For 
industries and daily life, crude oil products are important 
source of energy [1]. However, the development of oil 
industry usually leads to the environment pollution [2] 
during the production, transport and storage of final 
crude oil [1].  

Because of harmful biological effects of crude oil 
pollutants on marine and soil ecosystems, mechanical, 
physical or chemical methods are usually proposed for 
removal of these pollutants. Unfortunately, these 
technologies are costly and can lead to incomplete 
degradation of pollutants [3]. 

Bioremediation as a technique which uses 
microorganisms for pollutants removal from the 
environment [4], is very important in treating crude oil 
pollutants. In comparison to the other techniques, 
bioremediation has shown to be beneficial in many ways 
especially regarding its high efficiency and low cost [5, 
6]. The results of experiments in laboratory conditions 
and field researches, demonstrated the practicability of 
bioremediation technologies in cleaning of oil-polluted 
environments [2]. 

Several studies conducted in recent years have 
investigated bacterial potential to use oil hydrocarbons as 
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a unique carbon and energy source [7, 8, 9]. These 
bacteria, such as species from genera Sphingomonas, 
Arthrobacter, Acinetobacter, Bacillus, Rhodococcus etc. 
tolerate different oil hydrocarbons concentrations and are 
capable of their degradation [10]. 

Because of enormous quantity of crude oil that is 
being introduced into the different ecosystems and its 
relatively slow natural attenuation [11], development of 
bacterial strains with novel biodegradation capabilities 
may be suitable for microbiological control of crude oil-
polluted environments [12]. The aim of this paper is to 
show the potential of bacterial strain Kocuria sp. isolated 
from oil hydrocarbons-contaminated wastewaters in 
degrading crude oil in laboratory conditions. 
 
2. Material and Methods 

Three bacterial strains Kocuria sp. 27/1, used in this 
research, were isolated from oil hydrocarbons-
contaminated wastewater of “API separator” in Oil 
Refinery (Pancevo, Serbia) and previously described as 
MTBE-degrading strains [13].  

The culturing of bacterial strains was performed in 
flasks containing liquid mineral medium [14] 
supplemented with 0.5; 1.0; 2.0; and 4.0 % (v/v) of light 
crude oil. Flasks were incubated on rotary shaker at 120 
rpm and 28°C in dark. Flasks with same crude oil-
containing medium without bacterial cultures were used 
as a control. All experiments were conducted in three 
replication. 
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Optical density (OD550) of the liquid cultures was 
determined at time zero, and also after 1; 3; 5; and 7 days 
of incubation, using T70 UV/VIS spectrometer (PG 
Instruments) and 0.5-cm cuvettes. The residual crude oil 
was extracted after 7 days of incubation by n-hexane 
following the previously described method [15]. 
 
3. Results and Discussions 

Biodegradation is one of the most frequently applied 
methods for oil hydrocarbons removal from the 
environment [16]. In this removal process different 
organisms, as well as consortia, are involved [17]. The 
role of microorganisms in degradation of oil 
hydrocarbons is well described [18, 19]. Degradation 
ability of Kocuria species was previously described 
during the biodegradation of crude oil [20], diesel oil 
[21] and some BTEX compounds [22]. 

Pure culture of Kocuria sp. 27/1 was capable to grow 
in light crude oil-containing liquid medium (table 2). 
Growth rate of bacteria was controlled by time of 
sampling and initial crude oil concentration (Table 1). 
 

Table 1. Optical density (OD550) of liquid cultures 

BS* COC** 
Sampling dynamics 

0h 1d 3d 5d 7d 

Kocuria sp. 
27/1 

500 1.365 1.313 1.319 1.467 1.504 
1000 1.403 1.409 1.459 1.651 1.872 
2000 1.457 1.394 1.269 1.306 1.521 
4000 1.537 1.549 1.410 1.637 1.594 

Control 

500 0.026 0.020 0.011 0.018 0.017 
1000 0.044 0.029 0.012 0.017 0.016 
2000 0.126 0.041 0.030 0.041 0.039 
4000 0.059 0.046 0.042 0.041 0.038 

* Bacterial Strain (BS) 
** Crude Oil Concentration (COC) in ppm 

 
The presented results (Table 1) show that the growth 

of selected strain was low. Slow growth of bacteria 
during the crude oil degradation was also observed in 
previous investigations [23]. During the degradation of 
crude oil by Kocuria sp. 27/1, rapid changes of optical 
density in initial degradation phases (day 0 to day 1) 
were not observed. Rapid increase of optical density was 
observed after 3 days in all treatments. At the end of 
incubation period, highest values of optical density in all 
treatments were observed (except in treatment with 
highest initial crude oil concentration). The similar 
increase of optical density during oil degradation was 
noticed previously [24, 25].  

This research has shown that pure cultures of 
Kocuria sp. 27/1 were capable of light crude oil 
biodegradation. Degradation rate of light crude oil 
depend on the initial oil concentration. The presented 
results (Table 2) illustrate changes in crude oil 
concentrations after 7 days in darkness.  
 

Table 2. Degradation of light crude oil by bacterial 
strains 

Bacterial 
strain 

Crude oil 
concentration (ppm) Degradation 

rate (%) 
Time zero After 7 days 

Kocuria sp. 
27/1 

500 402 19.6 
1000 760 24.0 
2000 543 72.8 
4000 1413 64.7 

Control 

500 478 4.4 
1000 944 5.6 
2000 1921 3.9 
4000 3784 5.4 

 

The obtained results suggest that Kocuria sp. shows 
different efficiency during degradation of low initial 
crude oil concentrations. Upgrade of oil concentration 
stimulated the biodegradation efficiency, which may be 
linked with Michaels Menten theory of enzyme kinetics, 
where upgrade in substrate concentration can stimulate 
enzyme activity, i.e. biodegradation capability [26]. 
Comparing to all inoculated treatments, crude oil 
depletion in treatment representing abiotic control was 
insignificant (Table 2). 
 
4. Conclusion 

The results of this study showed that the initial 
amount of crude oil influences the bacterial growth and 
biodegradation ability. Strain Kocuria sp. 27/1 was 
capable of using crude oil as a sole carbon and energy 
source. Based on the biodegradation data, this bacteria 
has the potential to be used in the partial bioremediation 
of crude oil-contaminated environments. However, more 
studies need to be conducted for further improvements of 
biodegradation process. 
 
Acknowledgement 

This study was partially supported by the Ministry of 
Education and Science of Serbia, grant numbers 
TR31080, and by EU Comission project AREA, contract 
No. 316004. 

 
References 
1- N. Das and P. Chandran, Microbial degradation of 

petroleum hydrocarbon contaminants: an overview, 
Biotechnology Research International, 2011, 
doi:10.4061/2011/941810. 

2- A. I. Okoh, Biodegradation alternative in the cleanup 
of petroleum hydrocarbon pollutants, Biotechnology 
and Molecular Biology Reviews, 2006, 1, 38-50.  

3- M-T. Bao, L-N. Wang, P-Y. Sun, L-X. Cao., J. Zou 
and Y-M. Li, Biodegradation of crude oil using an 
efficient microbial consortium in a simulated marine 
environment, Marine Pollution Bulletin, 2012, 64, 
1177-1185. 

4- J. I. Medina-Bellver, P., Marın, A. Delgado, A. 
Rodriguez-Sanchez, E. Reyes, J. L. Ramos and S. 
Marquez, Evidence for in situ crude oil 
biodegradation after the Prestige oil spill, 
Environmental Microbiology, 2005, 7, 773-779. 

5- F. Beolchini, L. Rocchetti, F. Regoli and A. 
Dell’Anno, Bioremediation of marine sediments 
contaminated by hydrocarbons: experimental 
analysis and kinetic modeling, Journal of Hazardous 
Materials, 2010, 182, 403-407. 

6- L. Mohajeri, H. A. Aziz, M. H. Isa and M. A. Zahed, 
A statistical experiment design approach for 
optimizing biodegradation of weathered crude oil in 
coastal sediments, Bioresource Technology, 2010, 
101, 893-900. 

7- F. J. Marquez-Rocha, V. Hernandez-Rodriguez, and 
M. A. Lamela, Biodegradation of diesel oil in soil by 
a microbial consortium, Water Air Soil Pollution, 
2001, 128, 313-320. 

8- M. O. Ilori, J. Amobi and A. C. Odocha, Factors 
affecting biosurfactant production by oil degrading 
Aeromonas spp. isolated from a tropical 
environment, Chemosphere, 2005, 61, 985-992. 



Journal of Environmental Treatment Techniques                                                                                                             2014, Volume 2, Issue 3, Pages: 99-
101 

101 

 

9- A. R. Talaie, N. Jafaarzahe, M. Talaie and M. 
Beheshti,  Biodegradation of aromatic compounds in 
crude oil by isolated microorganisms from 
environment, The Scientific Journal of Zanjan 
University of Medical Sciences, 2010, 18, 68-80.  

10- G. A. Płaza, K. Lukasik, J. Wypych, G. Nalecz-
Jawecki, C. Berry and R. L. Brigmon,   
Biodegradation of crude oil and distillation products 
by biosurfactant-producing bacteria, Polish Journal 
of Environmental Studies, 2008, 17, 87-94.  

11- I. M. Cozzarelli, B. A. Bekins, M. J. Baedecker, G. 
R. Aiken, R. P. Eganhouse, and M. E. Tuccillo, 
Progression of natural attenuation processes at a 
crude-oil spill site: I. Geochemical evolution of the 
plume, Journal of Contaminant Hydrology, 2001, 53, 
369-385. 

12- C. N. A. Razak, W. F. Wang, S. H. S. A. Raman, M. 
Basri and A. B. Salleh, Isolation of the Crude Oil 
Degrading Marine Acinetobacter sp. Ell., Acts 
Biotechnology, 1999, 19, 213-223. 

13- B. T. Lalevic, J. B. Jovic, V. B. Raicevic, I. S. 
Kljujev, D. D. Kikovic, and S. R. Hamidovic,      

Biodegradation of methyl tert-butyl ether by Kocuria 
sp., Hemijska Industrija, 2012a, 66, 717-722.  

14- J. P. Salanitro, L. A. Diaz, M. P. Williams and H. L. 
Wisniewski, Isolation of a bacterial culture that 
degrades methyl t-butyl ether, Applied and 
Environmental Microbiology, 1994, 60, 2593-2596. 

15- USEPA, Method 1664, Revision A: N-Hexane 
Extractable Material (HEM; Oil and Grease) and 
Silica Gel Treated N-Hexane Extractable Material 
(SGTHEM; Non-polar Material) by Extraction and 
Gravimetry. (Washington: United States Office of 
Water, 1996). 

16- B. Lal and S. Khanna, Degradation of crude oil by 
Acinetobacter calcoaceticus and Alcaligenes 
odorans. Applied Biotechnology, 1996, 81, 355-362. 

17- O. S. Obayori, S. A.  Adebusoye, A. O. Adewale, G. 
O. Oyetibo, O. O. Oluyemi, R. A. Amokun, and M. 
O. Ilori, M. O., Differential degradation of crude oil 
(Bonny Light) by four Pseudomonas strains, Journal 
of Environmental Sciences (China), 2009, 21, 243-
248.  

18- H. S. Nasrollahzadeh, G. D. Najafpour, and N. 
Aghamohammadi, Biodegradation of phenanthrene 
by mixed culture consortia in batch bioreactor using 
central composite face-entered design. International 
Journal of Environmental Research, 2007, 1, 80-87. 

19- B. Lalevic, V. Raicevic, D. Kikovic, L. Jovanovic, G. 
Surlan-Momirovic, J. Jovic, A. R. Talaie and F. 
Morina, Biodegradation of MTBE by bacteria 
isolated from oil hydrocarbons-contaminated 
environments, International Journal of 
Environmental Research, 2012b, 6, 81-86. 

20- I. Zrafi-Nouira, S. Guermazi, R. Chouari, N. M. D. 
Safi, E. Pelletier, A. Bakhrouf, D. Saidane-Mosbahi, 
and A. Sghir, Molecular diversity analysis and 
bacterial population dynamics of an adapted seawater 
microbiota during the degradation of Tunisian 
zarzatine oil, Biodegradation, 2009,  20, 467-486. 

21- A. P. Mariano, A. P. A. Geraldes Kataoka, D.F. de 
Angelis and D. M. Bonotto, Laboratory study on the 
bioremediation of diesel oil contaminated soil from a 
petrol station, Brazilian Journal of Microbiology, 
2007, 38, 346-353. 

22- Y. S. Jun, and K. S. Cho, Effect of benzene and 
xylene on toluene and ethylbenzene degradability of 
Kocuria sp. EB-2, Korean Journal of Odor Research 
and Engineering, 2004, 3, 48-53. 

23- M. Sathishkumar, A. R. Binupriya, S-H. Baik and S-
E. Yun, Biodegradation of crude oil by individual 
bacterial strains and a mixed bacterial consortium 
isolated from hydrocarbon contaminated areas, 
Clean, 2008, 36, 92-96. 

24- P. O. Okerentugba and O. Y. Ezeronye, Petroleum 
degrading potentials of single and mixed microbial 
cultures isolated from rivers and refinery effluent in 
Nigeria, African Journal of  Biotechnology, 2003, 2, 
288-292. 

25- Z. A. Malik and S. Ahmed, Degradation of 
petroleum hydrocarbons by oil field isolated bacterial 
consortium, African Journal of Biotechnology, 2012, 
11, 650-658. 

26- J. G. Leahy and R. R. Colwell, Microbial degradation 
of hydrocarbons in the environment, Microbiological 
Reviews, 1990, 54, 305-315.   

 
 
 
 


