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ABSTRACT 
 

Spent engine oil is composed of various aliphatic hydrocarbons, aromatic hydrocarbons, lubricative 

additives, and traces of heavy metal. Improper disposal of spent engine oil can lead to deleterious effects 

on humans due to spent engine oil properties, which can exert toxicity, mutagenicity, and 

carcinogenicity on cells and organs. The conventional method to remove hydrocarbon in the spent 

engine oil is not only expensive but unable to degrade the hydrocarbon completely. In comparison, the 

mycoremediation approach has been reported to be environmentally friendly, efficient, and cost-

effective. The main objective of this review article is to identify the fungal isolate which is most 

efficient to degrade spent engine oil by assessing the biomass production and the percentage of spent 

engine oil degraded. Based on the comparative information obtained, Mucor sp. showed the highest 

biomass production in the presence of spent engine oil. Trichoderma sp. and Aspergillus niger were 

found to have average biomass production and it depending on the strain and incubation period. Both A. 

flavus and A. nidulans were found to have the lowest biomass production. In terms of spent engine oil 

degradation, Mucor sp, Trichoderma sp. and A. niger showed >55% degradation as compared to A. 

flavus and A. nidulans which have less than 50% degradation. Therefore, from the results of the study, it 

can be concluded that Mucor sp. has the best potential to degrade spent engine oil within a short period 

based on the high biomass production and percentage of degradation. The comparative data also suggest 

that by selecting the right strain and right incubation period, the percentage of spent engine oil 

degradation by using Trichoderma sp. and A. niger could also increase. 
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1 Introduction  

Engine oil or more correctly, „engine lubricant‟ is widely applied 

in the engine to reduce the frictional force and keep the metals 

fresh. After the engine oil had been exposed to extremely high 

temperature and mechanical pressure, it will be referred to as waste 

oil or spent engine oil due to physical and chemical impurities 

being formed (Boichenko et al. 2021). Spent engine oil is a 

mixture of hydrocarbon molecules and organic compounds with 

some organometallic constituents and encompassed various 

aliphatic chains and aromatic hydrocarbons (Ossai et al. 2020). 

According to Singh and Haritash (2019), the hydrocarbon 

contaminants such as polycyclic aromatic hydrocarbon (PAHs) and 

metals are hazardous due to their deleterious effect including 

toxicity, mutagenicity, and carcinogenicity that concerns the 

public. Furthermore, spent engine oil products can also exert 

adverse effects on other living organisms (ATSDR 1995; Adeleye 

et al. 2018), and severely affect agriculture by decreasing the yield 

of crops (Ismail et al. 2021).  

Previous findings by Al‐Hawash et al. (2019) have shown that 

fungal species were capable of reducing a wide range of pollutants 

as the fungal mycelia structure was able to produce non-specific 

enzymes and acids to solubilize the insoluble substrates. A recent 

study showed fungal secreting extracellular enzymes and acids 

through their mycelia which can effectively degrade the 

hydrocarbon molecules (Adekunle et al. 2015). However, the main 

key to successful mycoremediation is to employ the right fungal 

species in the removal of specific pollutants (Sing, 2006) but this 

information is scarcely documented. Albeit various hydrocarbon 

degrading fungal species have been identified, the search for an ideal 

species for successful mycoremediation of spent engine oil remains 

challenging due to the complexity of hydrocarbon components found 

in the spent engine oil (Stanley and Immanuel 2015). 

Environmental quality regulations in Malaysia set a maximum 

content of oil sewage and industrial effluent discharge limit to 10 

mg/L (Environmental Quality (Industrial Effluents) Regulations, 

2009). Despite the regulation, 121 oil spillage cases were reported 

from 2009 to 2016 in Malaysia (Fong 2016) and some cases were 

left unreported due to the occurrence in smaller areas. Industrial 

manufacturers, disregarding the negative environmental impact, 

are still disposing of spent engine oil in open sources as a shortcut 

option to reduce their downstream costs by not processing the 

hydrocarbon waste. Therefore, there is an urgent need for 

remediation to reduce the spent engine oil contaminant found in 

the environment. Hence, this study focuses on the potential of 

fungal species on hydrocarbon degradation by reviewing their 

tolerance towards spent engine oil based on the fungal biomass and 

the percentage reduction of spent engine oil in the growth medium.  

Various previous studies have identified five potential fungal 

species namely, Mucor sp., Aspergillus flavus, A. niger, A. 

nidulans, and Trichoderma sp. which have a wider potential for 

mycoremediation. These fungal species were inoculated on the 

different growth selective mediums spiked with spent engine oil 

and the fungal biomass production and the percentage reduction of 

spent engine oil were recorded by previous researchers.  

2 Biomass Production 

Based on the previous studies' conclusion (Table 1), each of the 

tested fungal species possessed different tolerance toward spent 

engine oil, which influences the biomass production of the fungal 

species on the culture medium containing spent engine oil. Among 

the five fungal species, Mucor sp was observed to attain the 

highest biomass production within a comparatively short 

incubation period of 7 days. This is followed by the Trichoderma 

sp. and A. niger these were able to achieve moderate to high 

Table 1 The growth of different fungal species cultivated on different growth mediums supplemented with spent engine oil 

Species 
Fungal biomass 

production 
Composition of the growth medium 

Incubation period at 

room temperature 
Reference 

Mucor sp. High 2 mL of spent engine oil + 40 mL of BHB 7 days Ong et al. 2018 

A. niger 

Moderate 10 mL of spent engine oil + 40 mL of BHB 7 days Ong et al. 2018 

High 

5th day/OD: 8.000 

40thday/OD: 5.250 

1 mL of spent engine oil + 100 mL of mineral salt 21 days Ahmad et al. 2015 

High 2 mL spent engine oil + 10 mL of MSB 40 days 
Adekunle and 

Adebambo 2007 

A. nidulans Moderate 10 mL of spent engine oil + 40 mL of BHB 7 days Ong et al. 2018 

A. flavus 
Moderate 10 mL of spent engine oil + 40 mL of BHB 7 days Ong et al. 2018 

Moderate 1 mL of spent engine oil + 100 mL of mineral salt 21 days Ahmad et al. 2015 

Trichoderma 

sp. 

High 10 mL of spent engine oil + 40 mL of BHB 7 days Ong et al. 2018 

Moderate- High 

(+26% to +75%) 

BHA complemented with 1% (v/v) of used engine 

oil 
7 days Daccò et al. 2020 

BHB: Bushnell Hass Broth; BHA: Bushnell Hass Agar; MSB: Minimal salt broth 
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biomass production but needed a relatively long incubation period. 

Furthermore, both A. nidulans and A. flavus were able to achieve 

moderate biomass production but with a longer incubation period 

relatively. Hence, the sequential order of fungal species tolerance 

towards spent engine oil based on their observed biomass 

production is A. flavus≈A. nidulans<A. niger<Trichoderma sp. 

<Mucor sp.  

Various Mucor species can achieve high biomass in BHB 

containing spent engine oil. According to Marchut-Mikolajczyk et 

al. (2015), M. circinelloides secretes various metabolites that 

emulsify hydrophobic hydrocarbons and increase hydrocarbon 

interaction with degradative enzymes such as lipase and alcohol 

dehydrogenase (ADH) (Durón-Castellanos et al. 2005) and 

metabolizes the hydrocarbons available in spent engine oil to be 

utilized for cell biomass production (Balaji et al., 2014; Chimezie 

Dirisu, 2015). 

Biomass production by Trichoderma sp. ranged from moderate to 

high when cultured on the medium containing spent engine oil as a 

sole carbon source (Daccò et al. 2020). This suggested that 

Trichoderma sp. has moderate to high tolerance toward spent 

engine oil and can consume spent engine oil as a carbon source to 

grow (Thenmozhi et al. 2013). Various species in this genus 

including T. harzianum, T. pseudokoningii, and T. viride (Ravelet 

et al. 2000; Saraswathy and Hallberg 2002) were reported to 

degrade pyrene, a recalcitrant hydrocarbon found in spent engine 

oil, as a carbon source. Trichoderma sp. possesses an N-acetylation 

detoxification pathway that enables this fungal species to degrade 

recalcitrant aromatic hydrocarbons structures to support growth 

(Cocaign et al. 2013; Kupareva et al. 2013; Zafra et al. 2015). 

Because of this, Trichoderma sp. is the most common fungal 

species that are isolated from the soil contaminated by petroleum 

(Makut et al. 2014).  

A. niger was observed to have moderate biomass production after 7 

days of incubation (Ong et al. 2018), but was able to achieve 

higher biomass production if the incubation time is extended 

(Ahmad et al. 2015). Adekunle and Adebambo (2007), also 

reported a fluctuating growth pattern of A. niger for 40 days before 

reaching the maximum growth peak, which was attributed to the 

different ratios of spent engine oil added in the experiment. 

Despite the inconsistent growth pattern observed, A. niger can 

secrete lipase, catalase, and lignin peroxidase to degrade 

hydrocarbon to support growth (Vatsyayan and Goswami 2016).  

At present, information on the biomass production by A. nidulans 

on spent engine oil supplemented media is in scantly.  Ong et al. 

(2018) reported moderate A. nidulans biomass production after 7 

days of incubation in BHB containing spent engine oil and this 

might be due to the shorter incubation period. Similarly, moderate 

biomass production was reported when A. flavus was inoculated on 

the medium spike with hydrocarbons (Ahmad et al. 2015; Ong et 

al. 2018). 

2.1 Reduction of Spent Engine Oil 

Table 2 showed all the reported fungal species which were capable 

to degrade and utilize spent engine oil as the sole carbon source of 

growth (Thenmozhi et al. 2013). The percentages of spent engine 

oil being degraded varied according to the present of fungal 

species, different lengths of the incubation time, type of medium, 

and the extracellular enzyme secreted by each of the fungal 

species. As per table 2, the sequential order of the fungal species‟ 

effectiveness in reducing spent engine oil in ascending order is A. 

nidulans< A. flavus <Trichoderma sp. ≈A. niger≈Mucor sp.  

According to Szewczyk and Długoński (2009), Mucor sp. can 

achieve up to 55% reduction in spent engine oil. The species M. 

circinelloides was reported to produce an extracellular emulsifier 

to emulsify hydrocarbons to increase the bioavailability of 

hydrocarbons to fungal‟s degradative enzymes (Marchut-

Mikolajczyk et al. 2015). Balaji et al. (2014) reported that M. 

racemosus expresses a relatively higher concentration of lipase 

enzyme in spent engine oil, compared to other fungal species. 

These species were also able to produce organic acids that 

metabolize spent engine oil effectively and then utilize the spent 

engine oil as a sole carbon source to support growth (Thenmozhi et 

al. 2013; Paper and Nwinyi 2019). These circumstantial shreds of 

evidence suggested that Mucor sp. is consistent in degrading a high 

percentage of spent engine oil.  

In the case of Trichoderma sp, Elshafie et al. (2020) reported that 

T. harzianum strain T22 can degrade a high percentage of spent 

engine oil, while the finding of Ong et al. (2018) was contradictory 

and these researchers reported a relatively low percentage of spent 

engine oil being degraded by T. harzianum. This indicated the 

percentage of spent engine oil degraded by Trichoderma sp is 

highly dependent on the strain and the incubation period. Various 

species of this genus including T. hamatum, T. harzianum, T. 

koningii, T. viride, T. virens, and T. asperellum have shown to 

degrade low-molecular-weight PAHs such as naphthalene and 

phenanthrene, or more complex PAHs such as 

anthracenebenzo[a]anthracene, benzo[a]fluoranthene, 

benzo[a]pyrene, and chrysene (Cerniglia and Sutherland 2010, 

Lieckfeldt et al. 1999, Zafra et al. 2015). Probable mechanisms for 

PAHs degradation are hypothesized for Trichoderma, including the 

production of laccases (Cazares-Garcia et al. 2013), peroxidases 

(Per) (Cristica et al. 2011), and dioxygenases (Hadibarata et al. 

2007). This was confirmed by Zafra et al. (2015) and Balcázar-

López et al. (2016) for T. atroviride who reported that laccase 

production can cleave the aromatic ring of PAHs, which resulted in 

the degradation of PAHs compound present in spent engine oil. 

Even though Table 1 illustrates a moderate to high biomass 
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production by Trichoderma sp., but the percentage of spent engine 

oil degraded is not so consistent compared to Mucor sp, but 

relatively better than A. nidulans and A. flavus. 

Results of the previous studies suggested that A. niger can degrade 

a mere 15.85% spent engine oil after 7 days of incubation (Ong et 

al. 2018) to as high as 61.80% after 20 days of incubation (Ahmad 

et al. 2015). A. niger isolated from India was reported to achieve 

an average of 40.5% spent engine oil degraded (Thenmozhi et al. 

2013). The differences observed can be attributed to the different 

incubation periods and locations. The ability of A. niger in 

reducing spent engine oil was also attributed to the secretion of 

some specific enzymes such as lipase which hydrolyzes the 

triglycerides structures (Gupta 2016), manganese peroxidase, and 

lignin peroxidase which can degrade PAHs compound present in 

spent engine oil (Ameen et al. 2016). Overall, A. niger is a good 

species that can be used in the remediation of spent engine oil but 

it needed a longer incubation period to achieve similar results as 

Mucor sp. 

Ong et al. (2018) and Paper & Nwinyi (2019) recorded a relatively 

low amount of spent engine oil degradation with A. flavus but the 

finding of Ahmad et al. (2015) was contradictory and these 

researchers reported higher percentage degradation (44.6%) by this 

fungi. Although the fungal strain used by both Paper and Nwinyi 

(2019) and Ahmad et al. (2015) was obtained from Nigeria but this 

difference in spent engine oil degradation might be associated with 

the difference in incubation time. Furthermore, Kota et al. (2014) 

also had a different opinion and suggested that A. flavus is 

ineffective in degrading crude oil as compared to Trichoderma sp., 

this might be because A. flavus could not degrade PAHs compound 

effectively as compared to other potential fungal species 

(Chaudhry et al. 2012; Haritash and Kaushik 2016). Moreover, due 

to poor spore formation A. flavus have a relatively slow growth 

compared to A. niger (Marín et al. 1998), which causes lower cell 

biomass production and enzyme secretion and this might be 

associated with the low spent engine oil degradation percentage. 

There is limited information available regarding the use of A. 

nidulans in remediating spent engine oil which suggests that A. 

nidulans might not be as good as other fungal species. 

Furthermore, various previous studies showed that the genus 

Aspergillus has the potential of degrading various types of 

hydrocarbons such as aliphatic and aromatic, but most of the 

reported studies concentrated on the A. niger and A. flavus (Olajire 

and Essien 2014). 

Conclusion 

Results of the study can be concluded that among the tested 

various fungal species, based on both biomass production and 

effectiveness in reducing spent engine oil within a relatively short 

Table 2 In vitro potential of various fungal species in reducing spent engine oil 

Species Isolated 
Reduction (%) of 

spent engine oil 
Composition of medium Incubation period References 

Mucor sp. 

M. ramosissimus IM 

6203 from Poland 
55.5% 

5 % of spent  engine  oil 

in synthetic medium 
10 days 

Szewczyk and 

Długoński 2009 

Ota,  Ogun  State,  

Nigeria 

OD  increased from 

0.715 to 1.978 

2 mL of spent engine oil 

+ 30 mL of MS 

12 days at room 

temperature 

Paper and Nwinyi 

2019 

A. niger 

Shah Alam, Selangor, 

Malaysia 
15.85% 

10 mL of spent engine oil 

+ 40 mL of BHB 

7 days at   room 

temperature 
Ong et al. 2018 

Sokoto  Metropolis, 

Nigeria 
61.80% 

1 mL of spent engine oil 

+ 100 mL of mineral salt 

20 days at   room 

temperature 
Ahmad et al. 2015 

Ota,  Ogun  State,  

Nigeria 

OD  increased from 

0.292 to  1.731. 

2 mL of spent engine oil 

+ 30 mL of MS 

12 days at room 

temperature 

Paper and Nwinyi 

2019 

Pudukkottai, 

Tamilnadu, South India 
40.5% 

Czapeck  dox  broth  with  

1  %  v/v  used  motor  oil 

30 days at room 

temperature 

Thenmozhi et al. 

2013 

A. nidulans 
Shah Alam, Selangor, 

Malaysia 
17.75% 

10 mL of spent engine oil 

+ 40 mL of BHB 

7 days at   room 

temperature 
Ong et al. 2018 

A. flavus 

Shah Alam, Selangor, 

Malaysia 
11.80% 

10 mL of spent engine oil 

+ 40 mL of BHB 

7 days at   room 

temperature 
Ong et al. 2018 

Sokoto  Metropolis, 

Nigeria 
44.60% 

1 mL of spent engine oil 

+ 100 mL of mineral salt 

20 days at   room 

temperature 
Ahmad et al. 2015 

Ota, Ogun State, 

Nigeria 

OD  increased from 

0.213 to  0.617 

2 mL of spent engine oil 

+ 30 mL of MS 

12 days at room 

temperature 

Paper and Nwinyi 

2019 

Trichoderma sp. 

T. harzianum strain T22 

(Th-T22) 
70.16% 

5 mL of BHB and 1% 

(v/v) of used engine oil 
45 days 

Elshafie et al. 

2020 

Shah Alam, Selangor, 

Malaysia 
15.02% 

10 mL of spent engine oil 

+ 40 mL of BHB 

7 days at   room 

temperature 
Ong et al. 2018 

BHB: Bushnell Hass Broth; MSB: Minimal salt broth 
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incubation period, Mucor sp. is the best species. Further, 

Trichoderma sp. and A. niger also have the potential of reducing 

spent engine oil if the right strain and suitable incubation time are 

selected. Due to limited reports on fungal species oil degradation 

mechanisms, extensive research is required to be conducted on 

mycoremediation of the spent engine oil contaminant.   
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