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Abstract: Crankcase oils are essential to the smooth running of any engine. Like most hydrocarbon derivatives, their
composition leaves them susceptible to attack by biodeteriogens especially fungi. Furthermore, these oils are disposed of
indiscriminately inadvertently ending up in soil and sometimes groundwater. The biodeterioration of used and unused synthetic
crankcase oils by fungi was studied in order to facilitate better management of spoilage both prior to use and within the engine
and to pinpoint possible remediative agents. Used samples consisted of oils that had been in use within car engines for four
months or more while unused samples were bought from the local store. The crankcase oils studied were Lenoil GTX SAE
15W/40, Lenoil GLX SAE 20W/50 and National X-100 SAE 40. Isolation from the oil samples was done using Potato
Dextrose agar via the pour plate technique while mineral salt agar containing the test oil as the sole carbon source was used to
assess fungal utilisers. The accumulated fungal biomass was determined following a 30 day incubation period. The fungi found
to contaminate and grow in synthetic crankcase oils were Aspergillus niger, Aspergillus flavus, Fusarium sporotrichioides and
Trichoderma harzianum. Each organism had a different growth pattern and the same organism grew at different rates on
different oil samples over the same period. National X-100 SAE 40 oil fared better overall than Lenoil GTX SAE 15W/40 and
Lenoil GLX SAE 20W/50 being the least susceptible to fungal utilisation. Used oil types was more prone to fungal attack than
the unused oils. Fusarium sporotrichioides dominated in used oil samples while Aspergillus niger dominated in unused
samples. Used oil samples showed both greater counts and greater biomass accumulation compared to the unused samples.
This study showed that fungi are capable of contaminating and deteriorating synthetic crankcase oils. The use of antifungal
agents is recommended to combat their activities where unwanted. These fungi could also be used extensively in the
bioremediation of soil contaminated with crankcase oils.
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which leads to their deterioration and spoilage. This is so
because wherever organic matter is in contact with water, in
the absence of effective natural and man-made preservatives,
it is anticipated that microorganisms will colonise this
environment. Different oil formulations are susceptible to
different strains or mixtures of strains of microorganisms
[2]. Normally, once the oil is contaminated, biodeterioration
is likely to continue until positive anti-microbial measures
are taken. Biodegradation is an uneven process with some
components of the oil selectively degraded and others
persisting. The activities of microorganisms in in-use
lubricating oil often result in emulsion instability, drop in
pH, increased corrosiveness, depletion of functionality,

1. Introduction

Motor oils are hydrocarbon products whose main function
is lubrication. These oils must be viscous enough to maintain
a lubricant film under operating conditions but should be as
fluid as possible to remove heat and avoid power loss due to
viscous drag. They should also be stable under thermal and
oxidative stress, have low volatility and possess some ability
to control friction and wear [1]. The activities of organisms in
in-use oils often interfere with these properties and thus, the
performance of such oils. Oils being moist media which
retain water and form emulsions readily, facilitate the growth
of organisms that have a predilection for moist environments
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accumulation of slime and sludge amongst other changes
[3].

The increase in population across the globe translates to
more car owners which prompts increased demand,
production, usage and eventual disposal of engine oils; this
is especially true in developing countries where mass
transportation is somewhat limited [4]. Irregular power
supply and the consequent increase in the use of power
generators have further exacerbated this problem. There is
little or no regulation on the disposal of engine oil in
developing countries where the chosen method of disposal,
is often empting of these oils from the car engines onto the
ground from where the oils then find their way into
drainage, waterways and ground water [5 — 7]. This illegal
dumping of used motor oil is an environmental menace with
global implications [8]. Akochere et al. [9] reported the
discharge of used oils from vehicles as a major cause of soil
pollution in Buea, Cameroon. Similar observations were
made in Gwagwalada, Nigeria and Pudukkottai region,
India [10], [11]. Increased demand for derivatives of
petroleum including motor oils has led to a marked increase
in soil contamination worldwide [12]. Used motor oil
contains heavy metals and heavy polycyclic aromatic
hydrocarbons known to contribute to mutagenicity,
carcinogenicity, liver or kidney disease and bone marrow
damage [11], [13]. Research has shown statistically
significant impact of engine oil contaminated soils on plants
including reduction in height and protein levels and loss of
chlorophyll [14 — 15].

There is a need to understand not only the fate of
crankcase oils prior to use or in the car engine but within the
environment as well and the possible bioremediation
potential of autochthonous microorganisms. The mitigation
of environmental issues such as pollution using cutting-edge
microbial biotechnology is a rapidly growing field [16].
Fungi are found in virtually every environment. They can act
as mycofilters in the environment [17]. Several studies have
highlighted the role of fungi in the deterioration of
lubricating oils [18], [11]. Bioremediation using fungi often
leads to complete degradation of petroleum hydrocarbon
contaminants in soil often better than achieved with bacteria
[19 — 21]. Fungi are known to synthesise enzymes capable of
degrading high molecular weight complexes or more
recalcitrant compounds [16].

The aim of this study is to gain an insight into the fungi
involved in the biodeterioration of crankcase oils not only
with a view to their management but to highlight possible
bioremediative agents when these oils are discharged into the
environment.

2. Materials and Methods
2.1. Sample Collection

Used oil samples were obtained as a “clean catch” into
sterile bottles from the crankcases of cars that had been
driven with the oils for four (4) months while the unused

types were bought directly from the store. The oils tested
were Lenoil GTX synthetic motor oil SAE 15W/40, Lenoil
GTX synthetic motor oil SAE 20W/50 and National oil X-
100 SAE 40.

2.2. Isolation of Fungi

Isolation was done using the pour plate technique. Fungi
were isolated using sterile Potato Dextrose Agar (PDA) into
which 50pg/ml streptomycin had been incorporated to
prevent bacterial growth. A two-fold serial dilution was
carried out for each oil sample using molten PDA as the
diluent. Samples of 0.2ml of the test oils were added to
19.8ml of PDA (in a warm water bath to prevent
solidification) and then serially diluted after thorough
mixing. Different dilutions were then plated and incubated at
room temperature for 5 days. Following sub-culturing, the
isolates were identified and characterised according to
Larone [22] and Hunter and Bennett [23].

2.3. Determination of Yield

Mineral Salt Broth (pH 7.2) with composition, NaCl:
10.0g, MgS0,.7H,0: 0.42g, KCIl: 0.29g, KH,PO,4: 0.83g,
NaHPO,: 1.25g, NaNO;: 0.42g and de-ionised water: 1L
was used [24]. A 0.Iml quantity of the lubricating oil
sample was added to 100ml of the medium in an
Erlenmeyer flask, fungi were isolated from each set up. The
set up was then sterilised and inoculated with the organism
(s) isolated from the particular oil sample being considered.
Incubation was done in triplicate. Each set up had a fourth
flask — the control — which remained uninoculated. The
flasks were incubated at room temperature for 30 days. The
dry weight of the fungal isolates determined the yield. The
dry weight was ascertained by harvesting each organism
from the flask using a filter paper of known weight to catch
both mycelia and spores and then oven drying till a steady
weight was reached.

3. Results and Discussion

The identities of the species are shown in Table 1. The
genera include Aspergillus, Trichoderma and Fusarium.
Figure 1 shows their distribution across the oil samples.
These results are in consonance with reports that
demonstrated the ability of Aspergillus niger, Aspergillus
flavus, Aspergillus versicolor, Synecephalastrum,
Trichoderma, Rhizopus, Neurospora, Mucor and Talaromyces
to utilise and degrade spent and unspent engine oil and other
hydrocarbon derivatives [25], [26]. The preponderance of
Aspergillus sp. in engine lubricating oils has been shown by
several studies [11], [27 — 29]. Another study further
identified Trichoderma in addition to species of Aspergillus
[16]. Fusarium sp., Trichoderma viridae, Aspergillus niger
and other fungi were isolated from simulated displaced tanks
[30]. Udochukwu et al. [28] as well identified Fusarium sp.
as a utiliser of engine oils.
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Table 1. Fungal Isolates from the Synthetic Lubricating Oil Samples.

Qil Sample Sample Type  Fungal Isolate (s)

Lenoil GTX SAE 15W/40 USED Trichoderma harzianum
Aspergillus flavus
Aspergillus niger
Fusarium sporotrichoides
Trichoderma harzianum
Aspergillus flavus
Aspergillus niger
Fusarium sporotrichoides
Trichoderma harzianum
Aspergillus niger
Aspergillus flavus
Aspergillus niger
Aspergillus flavus
Fusarium sporotrichoides
Trichoderma harzianum
Aspergillus flavus
Aspergillus niger

UNUSED

Lenoil GLX SAE 20W/50

USED

UNUSED

National X-100 SAE 40 USED

UNUSED

The results of the screen test for the utilisation of the
various crankcase oil samples as sole carbon sources by fungi
isolated from them show that all the organisms grew on the
lubricating oil samples indicating that they used the oil as a
raw material for growth. Lenoil GLX SAE 20W/50
supported the least fungal growth. Of all the isolates, only
Trichoderma harzianum and Aspergillus niger were able to
grow on used samples of Lenoil GLX SAE 20W/50 while
unused samples of the oil were utilised solely by the two
species of Aspergillus isolated. Fusarium sporotrichioidea

USED OIL

OAspergillus flavus
[ Fusarium sporotrichioidea

W Aspergillus niger
O Trichoderma harzianum

showed no growth at all on Lenoil GLX SAE 20W/50.
Lenoil GTX SAE 15W/40 seemed to be the most readily
utilised as all the isolates were able to utilise both its used
and unused samples. Fusarium sporotrichioidea grew best on
used samples of Lenoil GTX SAE 15W/40 while
Trichoderma harzianum dominated in unused samples of the
oil. For National X-100 SAE 40, Fusarium sporotrichioidea
did not grow on unused samples while Trichoderma
harzianum showed no growth on used samples of the oil. As
highlighted in Figure 1, Fusarium sporotrichioidea and
Trichoderma harzianum generally dominated across the used
oil samples while Aspergillus niger and Aspergillus flavus
dominated in the unused samples. This finding differs from
the conclusions of a previous study that Aspergillus niger and
Aspergillus flavus are the most efficient degraders of used
engine oil [18]. Based on Figure 2, used oils on the average,
had higher counts which is agreement with previous findings
while studying microbial degradation potentials on motor
engine lubricants [27]. This greater utilisation is somewhat
expected as the used oils are not only in contact with water
within the car engine but also tend to have higher heavy
metal and have been subjected to wear by the engine. The
highest fungal counts were observed in used samples of
Lenoil GTX SAE 15W/40 and unused samples of Lenoil
GLX SAE 20W/50. The lowest counts were observed across
National X-100 SAE 40 samples.

UNUSED OIL

Aspergillus flavus
3 Fusarium sporotrichioidea

M Aspergillus niger
Trichoderma harzianum

Figure 1. Distribution of the Isolates across Used and Unused Oil Samples.

It is important to point out here that the organisms grew
only in those flasks where the oil formed a mat at its base.
The rates of growth were slow and differed from one sample
to the next, as is observed by the rates of appearance of the
mycelia on the oil surface. The fact that the fungal isolates
grew on the oil signifies that they are oil utilisers. Since the
microorganisms can live in hydrocarbon fuel systems for a
long period without an increase in growth, a distinction is
drawn between fuel utilisers and fuel isolates [31].
Furthermore, it has been shown that not all the contaminating

bacteria in lubricating oils had biodeterioration potential [27].
The growth of these fungal species in this work indicate that
they are biodeteriogens and not merely contaminants. The
results of the fungal biomass accumulated over 30days are
illustrated in Figure 3. The fungal species grew at different
rates on different oil samples as is seen by the differing dry
weights. Even the same species grew at different rates in
different oil samples. These variations could be attributed to
the differences in the compositional, physical and chemical
characteristics of the various oil formulations. Amongst these
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characteristics are structural configuration of the constituent
hydrocarbons such as methyl branching, the type of infecting
microbial species, type of oil and the prevailing
environmental conditions [32]. Additionally, physical state of
the oil viz. relative solubility in water, temperature and
nutrient and oxygen availability play a role here. Similarly,
co-oxidation has been found to be necessary for
accomplishing significant biodeterioration of individual
components of the oil [33]. Figures 2 and 3 further show that
the growth of the fungal species on the used and unused
types of oil differed. Used oil supported more fungal growth
than unused oil. This result is in agreement with other reports
[271, [33]. While in service, some components of the used oil
are altered or lost, thereby making it more conducive for
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fungal utilisation when compared to unused oils. The unused
oils could also be said to be somewhat sterile and any initial
fungal load could be from handling and storage. Moreover, the
presence of biocides and other preservatives may prove
inhibitory to microbial growth [31]. These preservatives could
be denatured when these oils are in an active motor engine. In
addition, the physical and chemical changes which occur while
the oil is in use may exert pressures which are selective for
different dominant organisms at different times. Extremes of
temperature and oxidation of oil components that occur in the
engine change oil viscosity, result in a drop in pH in used oils
and cause thermal stress, thereby encouraging the growth of
microorganisms especially fungi in the oil.

Lenoil GTX SAE 15W/40

Lenoil GLX SAE 20W/50

National X-100 SAE 40

BUSED BEUNUSED

Figure 2. Mean Fungal Population of Crankcase Oil Samples after a 5-day Incubation period at Room Temperature.
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Figure 3. Mean Dry weight of Fungal Isolates Grown on the Different Lubricating Oil Samples at Room Temperature for 30 days.

4. Conclusion

This study shows that fungi, Aspergillus niger, Aspergillus
flavus,  Fusarium  sporotrichioides and  Trichoderma
harzianum are capable of contaminating and deteriorating
synthetic crankcase oils. The use of antifungal agents is
recommended to combat their unwanted activities. Different
fungal species have different biodegradative potentials on
lubricating oils. Following further research, these isolates
obtained could be introduced into contaminated land to
support enhanced bioremediation of soils impacted with

waste engine oil.
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