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Abstract

The potential biodegradation of crude oil was assessed by 50 strains of Pseudomonas aeruginosa cultured in a basal mineral 
medium using crude oil as a sole carbon source. The strains are isolated from both environmental and hospital samples (non-
contaminated crude oil sites). After 28 days of incubation, more than 60% of crude oil was degraded and further converted into 
accumulated cell biomass. Therefore, the use of the bacterial consortium increases the percentage of biodegradation up to 67 
%. The analysis of residual crude oil by Gas chromatography-mass spectrometry (GC-MS) confirms the results that show that 
Pseudomonas aeruginosa could be effective in the biodegradation of crude oil. 
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Introduction

Petroleum hydrocarbons are important energy resources, 
which are used not only by industry, but also in our daily 
life. Petroleum is a major pollutant of the environment as 
well. Due to its complicated composition, petroleum has 
the potential to elicit multiple types of toxic effects. It can 
cause acute lethal toxicity, sub-lethal chronic toxicity or 
both depending on the exposure, dosage, and the organism 
being exposed [1]. On the one hand, Prolonged exposure and 
high oil concentration may cause the development of liver 
or kidney disease, it is also probable to damage the bone 
marrow and to increase the risk of cancer [2,3].

On the other hand, some components of petroleum have 
the potential to bioaccumulate within susceptible aquatic 
organisms and can be passed by trophic transfer to other 
levels of the food chain [4,5]. The presence of microorganisms 
with the appropriate metabolic capabilities is the most 
important requirement for oil spill bioremediation [6].

The traditional treatment of oily wastewater, such as 
containment and collection using floating booms, adsorption 
by natural or synthetic materials, etc., cannot degrade the 
crude oil thoroughly. However, the microbial bioremediation, 
as a natural elimination of these pollutants; have long 
been considered as one of the predominant hydrocarbon 
degrading agents found in the environment, which are free 
living and ubiquitous [1].

Accordingly, our study aims at evaluating the biodegradation 
of crude oil by Pseudomonas aeruginosa; isolated from non-
contaminated sites in pure culture and in a mixed bacterial 
consortium ex-situ.

Materials and Methods

Biodegradation Assays
Crude oil degrading bacteria were carried out under 
aerobic condition in the mineral salt media (MSM) with 
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crude oil (Arabian Light) as the sole source of carbon, the 
MSM with the following composition (g/L): KH2PO4: 0.68; 
MgSO

4
.7H2O: 0.35; Na2HPO4:1.7; CaCl2:0.02; NH4NO3: 1; 

FeSO4: 0.004,supplemented with a solution of trace elements 
(0, 01% final concentration) containing in g/L: CuSO4: 0.05; 
H3BO4: 0.1;MnSO4: 0.1;ZnSO4: 0.1;Na2MoO4: 0.1;CoCl2:0.1. The 
pH was adjusted to 7. The media was amended with 0,5 % 
filter sterilized crude oil (v/v).

The individual and the mixed bacterial consortiums from 
overnight culture at the log phase of growth were transferred 
to 250 mL conical flasks; each containing 100 mL of sterile 
mineral salts medium with (0.5% v/v) of crude oil. The 
experiment was carried out in triplex and non- inoculated 
flasks constituted the controls. All flasks were incubated on 
a shaker (Lab-line, Environ shaker - USA) at 150 rmp at 30°C 
for determined intervals of time (14,21, and 28 days).

Extraction and Analysis of Residual Oil 
The Residual concentrations of crude oil from cultures and 
controls were determined by liquid–liquid extraction, which 
is carried out by a double volume of chloroform (twice 70 
ml) using separating funnels; the extract was treated with 2g 
of anhydrous sodium sulphate to remove the moisture, thus, 
the chloroform containing the residual hydrocarbons was 
decanted and air dried. After chloroform evaporation, the 
residual oil was quantifed. The resulting residual oil is taken 
to determine the percentage biodegradation by applying the 
equation described below by Fusey and Oudot [7]:

Biodegradation Percentage= 
(𝒑𝒊−𝒑𝒆𝒗)−𝒑𝒓 

× 𝟏𝟎𝟎 
𝒑𝒊−𝒑𝒆𝒗

𝒑𝒊: Quantity of initial crude oil.

𝒑𝒆𝒗: Quantity of crude oil evaporated.
𝒑𝒓: Quantity of residual crude oil.

Gas Chromatography Analysis
After its being extracted at the end of the 28 days of incubation, 
the residual crude oil was quantified chromatographically 
via the gas chromatography coupled to mass spectroscopy 
(GC-MS).

The extracted oil was detected spectrophotometrically at the 
National Scientific Research Center of Rabat (Morocco). The 
Gas Chromatography/Mass Spectrometry (GC/MS) analysis 
were performed by a Hewlett-Packard gas chromatographer 
(HP 6890) coupled with a mass spectrometer (HP 5973). 
The fragmentation was performed by electron impact at 
70 eV. The column used was HP-5MS (30 m x 0.25 mm, film 
thickness: 0.25 μm). The carrier gas is helium whose flow 
is fixed at 1.5 ml. min-1. The injection mode was split (split 
ratio: 1/70, flow rate112 ml min-1). The column temperature 
was programmed from 50 to 200°C at a heating rate of 4°C.
min-1, during 5 min. For the chromatographic analysis, the 
residual oil was diluted in methanol (1/20 v/v).

Results and Discussion

After each incubation period (14, 21 and 28 days), we 
estimated the crude oil degradation by isolated P. aeruginosa 
strains according to the equational ready described above. 
The results are in the form of a histogram. Were sorted to 
a histogram showing the biodegradation of crude oil by 
environmental strains and another one for hospital strains 
(Figures 1 & 2).

Figure 1: Biodegradation Potential of crude oil by environmentals P. aeruginosa strains.
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Figure 2: Biodegradation Potentiel of crude oil by hospitals P. aeruginosa strains.

Initially, crude oil appeared as either a large stretch covering 
above the aqueous medium or attached on glass wall. Later 
on, the large stretch or attachment of petroleum turned 
gradually into dispersed oil drops at a medium [8].

According to the results, we note that among the 50 P. 
aeruginosa strains tested, 11 strains possess a crude oil 
biodegradation potential located in the vicinity of 50% and 
60%, 27 strains have a potential of between 40% and 50% 

and 12 strains have a biodegradation potential of between 
30% and 40% (Figures N ° 1 and N ° 2). In another way, most 
of the strains tested have a percentage of biodegradation 
between 40% and 50% and only 3 strains show a potential 
slightly exceeding the value of 60%.

The minimum and the maximum values recorded for the 
biodegradation potentials or percentage are summarized in 
Table 1.

Biodegradation potential (%)/ Days D14 D21 D28

Environmentals strains
Minimum values 30,01 (Pa 91) 32,04 (Pa 92) 34,69 (Pa 95)
Maximum values 43,83 (Pa 43) 58,16 (Pa 45) 63,71(Pa 10)

Hospitals strains
Minimum values 30,02 (Pa 50) 31,37 (Pa 73) 33,11(Pa 84)
Maximum values 42,19 (Pa 80) 59,42 (Pa 24) 62,05 (Pa 24)

Table 1: Minimum and maximum values of the biodegradation potentials of crude oil of 50 P. aeruginosa strains tested.

From the results in Table No1, we note that the minimum 
values for the biodegradation potential of crude oil are 
around 30% for an incubation period of 14 days. However, 
for the same incubation period (14 days), the maximum 
values exceeding 42% (Figure 2); This reflects the difference 
in the crude oil biodegradation kinetics between strains.

In addition, the maximum values obtained for the 
biodegradation potential are very heterogeneous, ranging 
from 42% to approximately 63%, reflecting their varying 
ability to use some components of crude oil.

The values obtained for the biodegradation potentials 
are relatively high compared to those reported by the 
bibliographic data; in this regard, a comparative study of the 
biodegradation of crude oil carried out by Kheira Hammadi, 
et al. [8], using Pseudomonas aeruginosa, Aspergillus terreus 

and Candida sp. petroleum showed that only Pseudomonas 
aeruginosa strains have a high percentage of biodegradation. 
In addition, Zhang [10] found that after 8 days of incubation, 
58% to over 60% of the initial concentration of crude oil (0.7 
g / L) were consumed.

Biodegradation of crude oil microbially causes decomposition 
or oil components of transformation to other organic 
compounds [11].In other words, crude oil biodegradation 
can be described as the conversion of chemical compounds 
by microorganisms in energy, biomass and organic products. 
Due to the good utilization of hydrocarbons, Pseudomonas 
aeruginosa is especially investigated for biodegradation of 
crude oil [10].

The mixed cultures carried out as well as the results of 
biodegradation obtained are grouped together in Table2.
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Strains Biodegradation potentiel (%)

Pa10+Pa45 66,87
Pa10+Pa45+Pa24 67,05

Pa10 63,71
Pa45 62
Pa24 62,05

Table 2: Biodegradation potentials (%) of crude oil mixed 
cultures
Legend: Pa10 and Pa 45 are environmental strains; Pa 24: 
Hospital strain.

According to the results, we notice that the biodegradation 
potential of crude oil increased in the presence of a mixed 
culture compared to a pure culture, suggesting that these 
strains metabolize various substrates. The mixed cultures 
carried out consist of strains of P. aeruginosa having shown a 
high percentage of biodegradation (more than 60%) after 28 
days of incubation.

In this regard, it is reported by some authors who have shown 
that the biodegradation of oil is improved in the presence of a 
consortium of bacterial species compared to a single species 
[12,13,10]. Cocultivation of Pseudomonas aeruginosa with a 
microbial consortium could also enhance bioavailability and 
hence the biodegradation of crude oil due to its ability to 
produce rhamnolipids [14].

The crude oil contains thousands of individual hydrocarbons 
and related compounds. Their main components are saturated 
(n- and branched-chain alkanes and cycloparafins rings) and 
aromatic and polynuclear compounds (PAHs) and resines 
and asphaltenes (heterocyclics, oxygenated hydrocarbons), 
Westlake [15] reports that no single microbial species 
have the enzymatic ability to metabolize more than two or 

three classes of compounds commonly found in crude oil. A 
consortium composed of many different bacterial species is 
therefore needed to degrade the crude oil significantly.

Indeed, the use of a bacterial consortium provides some 
advantages in the case where the toxicity of the pollutants 
is important or when there is a lack of appropriate 
microorganisms (quantitatively and qualitatively) [13].

The biodegradation of crude oil was further confirmed by 
detecting the compositions of residual crude oil using gas 
chromatography-mass spectrometry (GC-MS) (Figures 
3-5). The first Profile (Figure 3) as a control presents the 
compositions of crude oil in the non-inoculated flask after 
28 days of biodegradation while; the second and the third 
profiles (Figures 4 & 5) show the compositions of the crude 
oil after 28 days of incubation in the inoculated flasks. It was 
found that most peaks in the first profile disappeared in the 
second and the third profiles, which indicated an apparently 
high rate of utilization of crude oil by Pseudomonas 
aeruginosa. 

According to gas chromatographic profiles, Pseudomonas 
aeruginosa Pa10 and the consortium (Pa10 + Pa45) 
degraded most oil fractions, with a retention time avoid 50 
min after 28 days of incubation in a crude oil-containing 
medium, we noticed a slight decrease in the peaks regarding 
the consortium profiles, this corresponded well with the 
literature. Thus, the results of biodegradation potential 
obtained were corroborated by GC-MS analysis. In another 
work, the GC-MS result shows that the relative abundance 
of the peak reduced considerably for isolated bacterial 
organisms depending on potential of oil degradation 
compared to control. In general, the results showed that 
many compounds were completely degraded or transformed 
into less complicated compounds.

Figure 3: Gas chromatographic-mass spectrometry analysis of untreated crude oil after 28 days of incubation.
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Figure 4: Gas chromatographic-mass spectrometry analysis of residual crudeoil after 28 days of incubation with Pseudomonas 
aeruginosa Pa 10.

Figure 5: Gas Chromatographic-Mass Spectrometry Analysis of Residual Crude Oil after 28 Days of Incubation with 
Pseudomonas aeruginosa Pa10+Pa45.

Conclusion

The individual bacterial strains have biodegradation abilities 
less than their combination (consortium) because the 
hydrocarbon mixtures differ markedly in volatility, solubility, 
and susceptibility to degradation and the necessary enzymes 
needed for biodegradation cannot be found in a single 
organism. The mixed bacterial culture could carry out a 
maximum degradation (67,05%) for the studied crude oil at
30°C after 28 days of incubation. The results of this study 
suggest that the Pseudomonas aeruginosa isolated strains 
may have the potential for bioremediation of crude oil 
polluted sites indicating the possibility of their use either 
singly or in consortium.

Acknowledgements

We are grateful to National Scientific Research Center of 
Rabat (Morocco) for the GC-MS data.

Our special thanks go to Amina ABOULKACEM for her 
tremendous help and support in this publication.

References

1.	 Raed S Al-Wasify, Shimaa R Hamed (2014) Bacterial 
Biodegradation of Crude Oil Using Local Isolates. 
International Journal of Bacteriology 563272: 1-8.

2.	 Mishra S, Jyot J, Kuhad RC, Lal B (2001) Evaluation of 

https://chembiopublishers.com/PBBJ/
https://chembiopublishers.com/submit-manuscript.php
https://www.chembiopublishers.com/PBBJ/
https://www.hindawi.com/journals/ijb/2014/863272/
https://www.hindawi.com/journals/ijb/2014/863272/
https://www.hindawi.com/journals/ijb/2014/863272/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC92784/


6

https://chembiopublishers.com/PBBJ/ https://chembiopublishers.com/submit-manuscript.php

Pollution, Bioremediation & Biodegradation Journal 

inoculum addition to stimulate in situ bioremediation of 
oily-sludge-contaminated soil. Appl Environ Microbiol 
67(4): 1675-1681.

3.	 Lloyd CA, Cackette TA (2001) Diesel Engines 
Environmental Impact and Control. Air and waste 
management Association 51(6): 809-847.

4.	 Gardner GR, Yevich PP, Harshbarger JC, Malcolm AR 
(1991) Carcinogenicity of Black Rock Harbor sediment 
to the eastern Oyster and trophic transfer of Black Rock 
Harbor carcinogens from the blue mussel to the winter 
flounder. Environmental Health Perspectives 90: 53-66.

5.	 Orisakwe OE, Akumka DD, Njan AA, Afonne OJ (2004) 
Testicular toxicity of Nigerian bonny light crude oil in 
male albino rats. Reproductive Toxicology 18(3): 439-
442.

6.	 Venosa AD, Zhu X, Suidan MT, Lee K (2001) Guidelines 
For the Bioremediation of Marine Shorelines and 
Freshwater Wetlands. US Environmental Protection 
Agency, National Risk Management Research Laboratory 
Cincinnati Ohio, USA.

7.	 Fusey P, Oudot J (1976) Comparison of Two Methods 
for the Evaluation of in Vitro Biodegradation of 
Hydrocarbons. Material Und Organismen 11: 241-251.

8.	 Xiao Tang, Yong Zhu, Qin Meng (2007) Enhanced crude 
oil biodegradability of Pseudomonas aeruginosa ZJU after 
preservation in crude oil-containing medium. World J 
Microbiol Biotechnol 23(1): 7-14.

9.	 Hammadi K, Aznouz M, Halbouche M (2012) 
Biodegradation of Hydrocarbons (Oil Fuels) by 

Pseudomonas aeroginosa, Candida sp and as pergillus 
terreus by Isolated from the Coast Line of Arzew Oran 
Algeria. International Conference on Applied Life 
Sciences, pp: 10-12.

10.	 Zhang Guo Liang, Yue Ting Wu, Qian Xin Ping, Meng Qin 
(2005) Biodegradation Of Crude Oil By Pseudomonas 
aeruginosa In The Presence of Rhamnolipids. J Zhejiang 
Univ Sci B 6(8): 725-730.

11.	 Chhatre S, Purohit H, Shanker R, Khanna P (1996) 
Bacterial consortia for crude oil spill remediation. Water 
Sci Techonol 34(10):187-193.

12.	 Ghazali FM, Rahman RNZA, Salleh AB, Basri M (2004) 
Biodegradation of hydrocarbons in soil by microbial 
consortium. International Biodeterioration & 
Biodegradation 54(1): 61-67.

13.	 Okoh AI (2006) Biodegradation alternative in the cleanup 
of petroleum hydrocarbon pollutants. Biotechnology 
and Molecular Biology Review 1(2): 38-50.

14.	 Abalos A, Pinazo A, Infante MR, Casals M, Garcia F, et al. 
(2001) Physicochemical and Antimicrobial Properties 
of New Rhamnolipids Produced by Pseudomonas 
aeruginosa AT10 from Soybean Oil Refinery Wastes, 
Langmuir 17(5): 1367-1371.

15.	 Westlake DWS (1982) Microorganisms and the 
degradation of oil under northern marine conditions. 
In: Sprague JB, Vandermeulen JH, Wells PG (Eds.), Oils 
and dispersants in Canadian seas-research appraisal 
and recommendations. Publication EPS-3EC-82-2. 
Environmental Protection Service Canada, Ottawa, 
Canada, pp: 47-50.

https://chembiopublishers.com/PBBJ/
https://chembiopublishers.com/submit-manuscript.php
https://www.chembiopublishers.com/PBBJ/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC92784/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC92784/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC92784/
https://pubmed.ncbi.nlm.nih.gov/11417675/
https://pubmed.ncbi.nlm.nih.gov/11417675/
https://pubmed.ncbi.nlm.nih.gov/11417675/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1519497/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1519497/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1519497/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1519497/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1519497/
https://www.sciencedirect.com/science/article/abs/pii/S0890623804000243
https://www.sciencedirect.com/science/article/abs/pii/S0890623804000243
https://www.sciencedirect.com/science/article/abs/pii/S0890623804000243
https://www.sciencedirect.com/science/article/abs/pii/S0890623804000243
https://www.epa.gov/sites/production/files/2013-07/documents/guidelines_for_the_bioremediation_of_marine_shorelines_and_freshwater_wetlands.pdf
https://www.epa.gov/sites/production/files/2013-07/documents/guidelines_for_the_bioremediation_of_marine_shorelines_and_freshwater_wetlands.pdf
https://www.epa.gov/sites/production/files/2013-07/documents/guidelines_for_the_bioremediation_of_marine_shorelines_and_freshwater_wetlands.pdf
https://www.epa.gov/sites/production/files/2013-07/documents/guidelines_for_the_bioremediation_of_marine_shorelines_and_freshwater_wetlands.pdf
https://www.epa.gov/sites/production/files/2013-07/documents/guidelines_for_the_bioremediation_of_marine_shorelines_and_freshwater_wetlands.pdf
https://europepmc.org/article/agr/ind43962950
https://europepmc.org/article/agr/ind43962950
https://europepmc.org/article/agr/ind43962950
https://europepmc.org/article/agr/ind43962950
https://www.intechopen.com/books/international-conference-on-applied-life-sciences/biodegradation-of-hydrocarbons-oil-fuels-by-pseudomonas-aeroginosa-candida-sp-and-aspergillus-terreu
https://www.intechopen.com/books/international-conference-on-applied-life-sciences/biodegradation-of-hydrocarbons-oil-fuels-by-pseudomonas-aeroginosa-candida-sp-and-aspergillus-terreu
https://www.intechopen.com/books/international-conference-on-applied-life-sciences/biodegradation-of-hydrocarbons-oil-fuels-by-pseudomonas-aeroginosa-candida-sp-and-aspergillus-terreu
https://www.intechopen.com/books/international-conference-on-applied-life-sciences/biodegradation-of-hydrocarbons-oil-fuels-by-pseudomonas-aeroginosa-candida-sp-and-aspergillus-terreu
https://www.intechopen.com/books/international-conference-on-applied-life-sciences/biodegradation-of-hydrocarbons-oil-fuels-by-pseudomonas-aeroginosa-candida-sp-and-aspergillus-terreu
https://www.intechopen.com/books/international-conference-on-applied-life-sciences/biodegradation-of-hydrocarbons-oil-fuels-by-pseudomonas-aeroginosa-candida-sp-and-aspergillus-terreu
https://pubmed.ncbi.nlm.nih.gov/16052704/
https://pubmed.ncbi.nlm.nih.gov/16052704/
https://pubmed.ncbi.nlm.nih.gov/16052704/
https://pubmed.ncbi.nlm.nih.gov/16052704/
https://www.sciencedirect.com/science/article/abs/pii/S0273122396007135
https://www.sciencedirect.com/science/article/abs/pii/S0273122396007135
https://www.sciencedirect.com/science/article/abs/pii/S0273122396007135
https://www.sciencedirect.com/science/article/abs/pii/S0964830504000307
https://www.sciencedirect.com/science/article/abs/pii/S0964830504000307
https://www.sciencedirect.com/science/article/abs/pii/S0964830504000307
https://www.sciencedirect.com/science/article/abs/pii/S0964830504000307
https://academicjournals.org/journal/BMBR/article-abstract/E94E08A40207
https://academicjournals.org/journal/BMBR/article-abstract/E94E08A40207
https://academicjournals.org/journal/BMBR/article-abstract/E94E08A40207
https://pubs.acs.org/doi/10.1021/la0011735
https://pubs.acs.org/doi/10.1021/la0011735
https://pubs.acs.org/doi/10.1021/la0011735
https://pubs.acs.org/doi/10.1021/la0011735
https://pubs.acs.org/doi/10.1021/la0011735

	Abstract
	Introduction
	Materials and Methods
	Biodegradation Assays
	Extraction and Analysis of Residual Oil 
	Gas Chromatography Analysis

	Results and Discussion
	Conclusion
	Acknowledgements
	References

