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ABSTRACT 

In the present study, soil samples were collected from different localities from one of the oil companies in Delta 
Egypt which was contaminated with crude oil and examined to isolates different microorganism related with contaminated 
soil and examines the ability of isolated microorganisms for biodegradation of crude oil. Only four isolates have the ability 
to grow in the absence of organic carbon source and presence of oil as a sole source of carbon from the samples. Three 
indicators used to measure the biodegradation ability of tested microorganism, color change of culture media from blue to 
colorless is the first indicator, crude oil disappearance from the medium is the second indicator and the third one is developing 
a mass of microbial growth in the culture medium bottom. These survival isolates were Aspergillus Niger No. SRH31, 
Aspergillus flavus No. SRH32, penicillium implicatum No. SRH33 and Candida glabrata No. SRH34. Aspergillus Niger. 
The best percent of biodegradation by microbial consortia was 98% after 7 days, while Candida glabrata was about 90%, 
Aspergillus Niger 85%, whereas penicillium implicatum80%, and finally the lowest percent of biodegradation was to 
Aspergillus flavus. 
 
Keywords: biodegradation, microbial consortia, petroleum, fungi, GC analysis. 
 
INTRODUCTION 

Petroleum hydrocarbons are the main source of 
energy for industry and daily life. The leakage and 
accidental oil release occur regularly during the 
exploration, extraction production, refining, storage and 
transportation. The spills due the leakage may be small but 
continuous and prolonged could lead soil and water 
contamination ending up with health problems (Palanisamy 
et al., 2014). Uncontrolled liberation of petroleum 
compounds that are mutagenic, carcinogenic and are potent 
immunotoxicants into soil and water poses a serious threat 
to human, animal and plant health (Zavareh et al., 2016); 
leading to infected some organs by carcinogenesis, 
mutagenesis in the genome, and failure in reproductive 
capacity, and hemorrhages in exposed population 
(Jananiprathiba et al., 2014). 

The process of using microorganisms to degrade 
or remove hazardous component of wastes from the 
environment is called Bioremediation. Its efficiency 
depends on the presence of appropriate microorganisms and 
is also affected by the environmental conditions and 
microbial community composition (Durga et al., 2014). The 
pre-treatment and processing steps can be biological, 
chemical, thermal, or mechanical. Thermo-chemical 
methods, involving eat and/or catalysts for example, it is 
efficacious, need expensive equipment, heavy energy 
consumption, and encompass the use of corrosive materials. 
Thus, there are limits in industrial applications and leading 
to environmental pollution. While the biological methods 
(as using of enzymes extracted from microorganisms) 
having preferences over chemical processes because the 

biological process components are biodegradable and 
minimum heat requirements with high specificity in the 
selected conversions. The major disadvantage of biological 
pre-treatment is that time consuming during processing and 
also the expensive price of microbial enzymes (Dusselier et 
al., 2014; Liu et al., 2016 and Mohan et al., 2019). 
Biological degradation of hydrocarbons was carried out by 
bacteria and also fungi (Cerniglia and Sutherland, 2010) or 
algae. Fungi considered as an effective tool for probable 
decay of poly-aromatic hydrocarbons (Hamamura et al., 
2013). Filamentous fungi have ability to multiply on a huge 
range of substrates by excreting extracellular hydrolytic 
enzymes. Enzymatic pathway depends on biodegradation of 
undesirable and toxic complex compounds into not harmful 
compounds by removing some hazard functional groups 
eveninvivo or invitro process. Microbial biodegradation 
includes indigenous and exogenous microbial community 
which is considered to be effective degraders in polluted 
location. Fungi have preferences than bacteria due to the 
fungal mycelia and their hydrolytic enzymes, which have 
the ability to perforate, degenerate the hydrocarbons in 
polluted soil (Venkatesagowda et al., 2012). Fungal 
enzymes specially, oxido-reductases, laccase and 
peroxidases have notable role in elimination of petroleum 
pollutants each in fresh, marine water or terrestrial. Prior 
studies on decay of polycyclic aromatic hydrocarbons by 
fungi are: cold-acclimatized bacteria and yeast, effects of 
surfactants, imperfective fungi Penicillium sp., presence of 
non-ionic surfactants (Chang et al., 2010), white-rot fungus 
Anthracophyllum discolor (Acevedo et al., 2011), potential 
of mushroom cultivation substrate (Li et al., 2012). A 
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fungus receives a significant interest for biodegradation of 
hydrocarbon pollutedlocationsrelated fungi for enzyme 
excretion (to eliminate hydrocarbons from the 
environment) (Das and Chandran, 2011). 

The aim of the current work is the isolation oil 
degrading fungi and yeast from contaminated soil in Egypt 
delta and test the biodegradation ability of isolated 
microorganisms of crude oil with a wide screening the most 
potent fungal isolates for hydrocarbon utilization, identify 
the fungal isolates and determination of petroleum 
degradation prospect of the pure culture of selected isolates 
by Gas Chromatography-Mass Spectrometry analysis. 
 
MATERIAL AND METHODS 
 
Source of Crude Oil 

Crude oil, which is used to test capability of fungi 
isolates on biodegradation, was obtained from Egypt delta 
oil fields. 
 
Collection of Samples 

Soil samples (200 g) from surface soil (10 cm 
depth) were collected from different localities from one of 
the oil companies in Delta Egypt which was contaminated 
with crude oil. Three random Samples were mixed. Stones 
and other unwanted soil debris were removed by using 2.5 
mm sieve and transferred into sterile bottles using sterile 
spatula for microbiological quality determination and 
stored in ice box to avoid contamination. 
 
Isolation and Purification of Fungi 

The dilution-plate method was used to determine 
soil fungi as described by Johnson et al. (1959). Fungi were 
isolated from soil by taking 0.2 ml of solution from the 
appropriated dilution of each samples and plated on sterile 
PDA (potato dextrose agar) media containing 
chloramphenicol (250mg/l) after sterilization. The plates 
were incubated at 30 °C after incubation period the pure 
cultures were subculture on fresh PDA. 
 
Identification of Fungal Isolates 

Identification of the isolated fungi during our 
investigation was carried out using the morphological 
characteristics as colony diameter, the color of conidia, 
extracellular exudates, pigmentation and the color of 
reverse mycelium and microscopic features were examined 
also as conidial heads, fruiting bodies, degree of sporulation 
and the homogeneity characters of conidiogenous cells by 
optical light microscope (10×90)Olympus CH40 according 
to the following references׃Ainsworth, 1971, Klich and Pitt 
1992 for Aspergillus species, Ramirez 1982, and Pitt 
1980and 1985, for Penicillium species. Fungal isolates were 
grown onto Malt extract-agar (MA) medium at 28°C for 
several days (7-10). The cultures were then kept in 4°C. 
 
Screening for Biodegradability 

The biodegradability of isolated fungi was verified 
using the modified technique based on the redox indicator 
2, 6-dichlorophenol indophenol (DCPIP). From 7 days 

fungal isolate old two plugs (1 cm2for each plug) were 
picked from the peripheral area of Petri dish and transferred 
carefully to inoculate into 50 ml Bushnell - Haas broth 
medium using 250 ml Conical flask. 0.1% (v/v) Tween 80 
and 1% (v/v) crude oil and 0.008 mg/50 ml of redox 
indicator as a powder were added to the Bushnell-Haas 
broth medium. All flasks incubated at 28  using a shaker 
with 180 rpm/min for seven days. Changing in color of 
inoculated media in the flasks from deep blue to colorless 
indicates the ability of fungi to biodegradation of crude oil. 
The concentration of DCPIP was 0.16 mg/ ml(Hanson and 
Lovejoy, 1996). 
 
Crude Oil Extraction  

After 7 days of incubation, fungi activities were 
stopped by adding 1% 1N HCl for extraction of crude oil, 
supernatants of fungi cultures were collected in separating 
funnel and organic solvent (Chloroform) was added then 
shaken carefully, this step repeated three time for fully 
extraction. Chloroform containing extracted oil was passed 
through anhydrous sodium sulphate to remove moisture. 
The solvent was vaporized overnight and the amount of oil 
measured using gravimetric method. This procedure carried 
out under same condition on the control flask and compared 
with zero-time samples. The percentage degradation of the 
crude oil was then calculated gravimetrically described by 
Ijah and Ukpe.  

Weight of crude oil (initial) - Weight of crude oil 
(after treatment) / Weight of crude oil(initial) x 100. 
 
Biomass Determination on Diesel Fuel Hydrocarbons 

Fungal biomass was determined by filtering the 
culture broth through Whatman No. 1 filter paper. Biomass 
of fungal isolates were weighed and dried in pre-weighed 
aluminum foil at 60°C to a constant weight and the dry mass 
was obtained by subtraction. Gain in biomass under each 
treatment and the corresponding control was recorded; and 
difference between gain in treatment and control was 
considered to be due to biodegradation activity of the 
fungus (Gesinde, 2008). 
 
GC-MS Analysis 

GC-MS analysis was recorded on thermo 
scientific-trace GC Ultra, USA. Coupled with single 
quadrupole MS, temperature (0-300°C). This experiment 
was carried out in Central Services Laboratory in National 
Research Centre, Egypt.     
 
RESULTS AND DISCUSSIONS 
 
Isolation and Identification of Isolates 

Oil drops outregard as one of the critical issues 
stand up to universal nature because of discharge pollutants 
which leading to environment health decline. Currently the 
nature became more familiar with biological control 
solutions to eliminate hazard material from the 
environment. Although elimination way was overpriced 
with a huge amount of contaminates, microbial remediation 
process in this case become more successful and safer 
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method to augment environment validity with low 
economic cost, technicality with high public agreement to 
get rid of aquatic ecosystems from oil drops out. 

Only four isolates have the ability of growth in the 
absence of organic carbon source and utilizing oil as a sole 
carbon source from the samples. These survival isolates 
were Aspergillus niger No. SRH31, Aspergillus flavus No. 
SRH32, penicillium implicatum No. SRH33 and Candida 
glabrata No. SRH34. Aspergillus niger (Figure-1-3) is the 
most widespread and simply identifiable species of the 
genus Aspergillus, On Czapek Dox agar, colonies be 
formed of a tight white or yellow basic felt enveloped by a 
heavy stratum of dark-brown to black conidial heads. 
Conidial heads are huge (up to 3 mm by 15 to 20 µm in 
diameter), spherical, dark brown, come to be radiate and 
head for dividing into many freed columns by aging. 
Conidiophores stripes are slick-walled, glassy or turning 
dark towards the vesicle. Conidial heads are bi-seriate with 
the phialides borne on brown, often divided metulae. 
Conidia are spherical to subspherical (3.5-5 µm in 
diameter), dark brown to black and coarse-walled. 
Aspergillus flavus (Figures 1-2) has a wide distribution and 
naturally exist as a saprophyte in soil and on different types 

of decaying organic substances, On Czapek Dox agar, and 
colonies are grainy, flatness, frequently with radial grooves, 
yellow at initial but soon coming to be agleam to dark 
yellow-green with aging. Heads of conidia are typically 
spherical, then dividing to shape divided columns (mostly 
300-400 µm in diameter), bi-seriate but some conidial 
heads have phialides borne immediately on the vesicle (uni-
seriate). Conidiophores stripes are vitreous and coarsely 
roughened and noticeable close the vesicle. Conidia are 
spherical to sub-spherical (3-6 µm in diameter), palely 
green and clearly echinulate. Some species make brownish 
sclerotia. Penicillium implicatum (Figure-1-1) has a wide 
distribution and naturally presents in fruits, growing on 
Czapekand MEA media at 25oC and recognized by dense 
blue-grey sporulation and unable to grow at 5 and 37oC on 
bothCYA and MEA. microscope recognized by its long, 
soft-walled and vesiculate conidiophores and soft 
ellipsoidal to ovoid, up to 3.5μm long conidia, colonies 20-
25 mm diam., surface velutinous, slightly floccose in the 
centers, plane, centrally raised, conidiogenesisdense, 
exudates absent, backwards yellowish in CYA while 
backward orange to orange-brown MEA, 25 °C, 7 days. 

 

(1) Penecillium implicatum (2) Aspergillus flavus (3) 
Aspergillus niger. 

(4) Candida glabrata. 
 

Figure-1. Fungal isolates from soil contaminated with oil. 
 
Screening for Biodegradability 

Only four fungal species in the current work 
isolated from polluted soil that displayed their capacity for 
hydrocarbon biodegradation were identified as-1 
Aspergillus niger 1-2 Aspergillus flavus, 1-3 penicillium 
implicatum 1-4 candida glabrata. These microbial isolates 
have been previously notified as hydrocarbon bio-degraders 
were isolated from polluted soil by Oudot et al., 1993; April 
et al., 2000; Obire and Anyanwu, 2009. 

Our results announced that the capability of 
microbial isolates to biodegradation of crude oil in the 

conical flask had Bushnell - Haas broth medium with 
(DCPIP) as indicator. The color change of (DCPIP) in the 
conical flask as shown in Figure-2 refer to the adaption of 
these isolated microbial species to petroleum compounds 
and degradation a wide range to these compounds, 
disappearing a huge quantity and presence fragmentation of 
crude oil. Elucidate that organic compounds in soil were 
stimulated raise the growth of fungi and raises excreted 
extracellular enzymes and eventually rises in 
biodegradation of crude oil (AI- Jawhari, 2014).
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Figure-2. Screening for biodegradability of fungal isolates (1) Aspergillus niger (2) Aspergillus 
flavus (3) penicillium implicatum (4) Candida glabrata. 

 
There are three indicators used to measure the 

biodegradation capability of these tested microorganisms, 
changes in color of culture media from blue to colorless is 
the first indicator the second one is disappearance of crude 
oil from the culture medium and finally the third is 
developing a myceliamass of microbial growth in the bed 
of the growth medium. Mechanism of crude oil 
biodegradation happened by fusing an electron acceptor as 
DCPIP to the growth medium, it is potential to attain the 
capability of the microorganisms to use the culture substrate 
by observing the color alteration of DCPIP from blue 
(oxidized) to colorless (reduced) (Hanson et al., 1993). 

The results in present work announces raising 
microbial growth in the growth media which containing 
crude oil as a main and sole carbon source, thus the 
microorganisms use crude oil as a carbon source for their 
survival and growth by producing extra cellular enzymes 
which help in breaking down the recalcitrant hydrocarbon 
molecules, by taking part the long chains of hydrogen and 
carbon, just like that, transforming petroleum into simpler 
forms or compounds that can be absorbed for the growth 
and nutrition of the tested organisms (Adekunle and 
Adebambo., 2007). 

The best biodegradation percent was 98% after 7 
days announced by mixed consortia, while 
Candidaglabratawas about 90 %, Aspergillus niger 85%, 
whearas penicillium implicatum80%, while the lowest 
percent of biodegradation was to Aspergillus flavus. 
Although Aspergillus and Penicillium species were 
recorded in previously researches as biodegrades of crude 

oil, the current work announced that the mixed culture 
isolates considered as a new record in biodegradation of 
crude oil. As assorted microbial culture was shown that 
interspecies “talk” between microorganisms appear for a 
physio-logical trigger to stimulate silent gene clusters 
directing to stimulate unexpressed biosynthetic pathways. 
Thus, a microbial consortium has a powerful spectrum of 
enzyme efficacy in bio-removal because it involves 
metabolic expression of microorganisms be included to 
each separate taxon (Silva et al., 2015 and Tina et al., 2015).  
 
GC-MS Analysis 

The gas chromatogram of crude oil restored from 
the inoculated culture medium is displayed in Figure-3. It 
was established that the fungal isolates and their consortium 
were effective as degraders of crude oil. They totally 
degraded the essential hydrocarbons for example 
(C31H46O11, C15H16O5, C29H60, C21H16Si, C34H30N2O4S2) 
present in crude oil as mentioned in (Table-1) directing to 
manufacturing of short chain compounds. Treated crude oil 
appeared a reduction in the area of main peaks pointing 
breakdown of the major compounds; while new peaks 
showing in these samples appeared breakdown products or 
expected metabolites. This phenomenon explained the 
capability of the tested fungi to biodegrade diversified 
hydrocarbon compounds; which was not registered in the 
control samples. This can be referred to utilization of high 
mass fractions in crude oil by the fungi for metabolic 
processes. Li et al. (2008) and also obtained GC-data used 
to analyse the biodegradation of crude oil by tested fungi 

(1
)

Control  (2
)

(3
)

(4
)
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and found out that the mixture of three fungi with yeast are 
strongly degraded crude oil with a high degradation ratio of 

up to 100% after only five days of treatment. Our results 
shown in the following table. 

 
Table-1. The removal percentage effect of different types of fungi on crude oil. 

 

Mix Removal 
(%) 

Removal percent (%) 
Molecular formula of 

control (Crude oil) 
No. Aspergillus 

niger 
Candida 
glabrata 

Aspergillus flavus 
Penicillium 
implicatum 

97 51.66497356 38 90.70075896 88.05776087 C31H46O11 1 

85 5 53 12 46 C15H16O5 2 

84 6 75 3 25 C18H10Br5N 3 

78 18 17 64.51792556 22 C29H60 4 

69 29 100 16 16 C18H16N2O2S2 5 

96 8 18.03205871 3 6 C32H46O7S 6 

74 0 0 0 0 C23H48 7 

0 0 0 0 0 C38H46N4O2 8 

0 85.82857427 61 16 55 C21H16Si 9 

60 0 0 0 0 C35H36CuN4O3 10 

82 0 0 0 0 C39H80O2 11 

11 20.79861143 11 15.60086155 30 C20H18ClNOSi 12 

0 0 0 0 0 C32H60N4O6Si3 13 

0 0 0 0 0 C25H23ClN4 14 

0 0 0 0 0 C32H30Cl2O4 15 

0 0 0 0 0 C37H44ClNO6 16 

99.98008589 0 0 0 0 C36H45NO6SSi 17 

62 0 38 0 0 C27H29BrN2O5S2 18 

100 0 0 0 16 C52H60O4 19 

100 0 0 0 0 C36H46O2Si4 20 

100 0 0 0 19.27627277 C32H60N4O6Si3 21 

100 0 0 0 23.15242225 C38H30N4O2Zn 22 

100 0 0 0 0 C38H30N4O2Zn 23 

89.99991638 65.53871994 0 0 0 C31H22ClN3S 24 

100 0 0 0 0 C44H34O2 25 

100 0 0 0 17 C29H26O10 26 

100 0 0 0 0 C36H38N4O7 27 

100 0 0 0 0 C16H14Br2O4 28 

100 0 35.04025649 27.72437867 37.6143868 C18H15NO2Se 29 

100 0 0 0 0 C25H16Br4 30 

100 0 0 0 0 C27H29BrN2O5S2 31 

100 0 0 0 0 C44H54N4 32 

100 0 0 0 0 C32H60N4O6Si3 33 

100 0 0 91.6 78 C23H56O6Si7 34 

100 0 0 0 0 C34H34N4O3 35 

100 0 0 0 0 C36H46O2Si4 36 

89.99999781 82.92407706 80.02859943 71.97226354 68.68741148 C34H30N2O4S2 37 

100 0 0 0 0 C25H16Br4 38 
One compound C34H30N2O4S2indolederivative was selected as an example in this study to investigate the effect of fungi on 
crude oil degradation as in Figure-3.  
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Penicillium implicatum Control 

Candida glabrata Aspergillus flavus 

Mixed Aspergillus niger 
 

Figure-3. C34H30N2O4S2indole derivative degradation by the effect of different types of fungi on crude oil degradation. 
 
CONCLUSIONS 

The discharge of pollutants from the crude oil 
refinery is a critical environmental problem due to their 
impact on health and the ecosystem. The biological control 
process to remove hazardous materials from the 
environment is considered a successful process due to it 
being a safe way to promote a particularly healthy 
environment with low cost, technology and broad general 
acceptance to clean up contaminated locations. Based on 
previous studies, some fungi have the ability to decompose 
crude oil isolated from contaminated soil. The data 
presented in this study show that all fungal species were 
able to degrade crude oil to varying degrees. The highest 
biodegradation efficiency of crude oil has been shown by 
mixed strains, candida glabrata, penicillium implicatum, 
Aspergillus niger and Aspergillus flavus. 
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