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ABSTRACT 
Soil contamination with diesel spillage is an increasing environmental challenge that 
damages living ecosystems. Efficiency of single bacterium in degrading diesel oil 
pollutants is faced with slow performance limitation. Therefore, the use of consortia is 
shown to be better, due to synergism, multi-enzymatic activity and potential for 
diversified catabolic functionalities. This study is aimed at formulating effective bacterial 
consortia that can degrade diesel in polluted environments. Four diesel degrading 
bacteria as Bacillus subtilis, Staphylococcus aureus, Micrococcus roseus and Rhodococcus 
specie were isolated and used for consortia formulation. Purity testing was performed on 
the isolates prior to consortia formulation, before their compatibility was tested by cross-
spreading them on nutrient agar. Consortia formulation was made using Bacteria resting 
cells in Phosphate Buffer Saline based on compatibility testing and mathematical 
permutations. For on their ability to survive diesel on Bushnell-Haas Agar (BHA), 
consortia 2, 9 and 11 showed the best results among which consortium 11 was chosen as 
the best, considering growths on the medium within a 72 hrs period. The growth of the 
organisms before consortia formulation and after was also evaluated, which suggest that 
the consortium perform better than individual strains. Analysis of Variance showed 
significant statistical differences (p<0.05) between constituents of consortia, and diesel 
degradation on 2% (v/v) BHA. The degradation performances of the various consortia on 
BHA were furthermore separated by Duncan’s Multiple Range Test. The colony counts 
obtained indicate that degradation was performed better by the consortia than individual 
strains. The findings of the study contribute towards illuminating inter-microbial 
relationships and microbial ecology especially within groups of diesel degrading bacteria. 
Further studies are imperative, to maximally harness the potentials of these bacteria for 
applications in large scale diesel biodegradation.     
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INTRODUCTION 
Under the orchestration of techno-industrial 
breakthroughs, globalisation and population 
explosion, energy consumption is ever on the 
increase, universally, necessitating further 
exploration and utilisation of fossil fuels, such as 
diesel (Musa, 2019; Obi et al., 2016). As a case 
study, diesel fuel is consumed by stationary 
engines and in boilers, reciprocating engines, 
some generators, gas turbines, pipeline pumps, 
gas compressors, tractors and heavy duty 
vehicles, steam processing units in electric 
power plants and water heating facilities, 
locomotives, some aircraft, military vehicles, 
construction equipment among others (DSS, 
2019). To put this in perspective, projecting 
from diesel consumption data provided by NBS 
(2019) for the first quarter of 2019, Katsina 
State alone will consume more than 34 million 

litres of diesel in 2019, up from the roughly 13 
million consumed in 2016.  
The cosmopolitan nature and ubiquitous 
presence of pernicious, spilled petrochemicals - 
including diesel - in the environment had been 
exhaustively reported in literature (Dixit et al., 
2018). Diesel fuel is majorly composed of 
aliphatic hydrocarbons, with trace amount of 
aromatics (<10%) (Chaudary et al., 2019), 
however, individual chemicals in these groups 
present in diesel are greatly diverse (Ciric et al., 
2010). Chromatographically, diesel is composed 
of Linear Saturated Hydrocarbons (n-alkanes or 
n-paraffins); Isoalkanes/isoparaffins (branched 
chain saturated hydrocarbons); 
Cycloalkanes/naphthalenes (saturated cyclic 
alkanes); and Aromatics, such as the PAHs 
(Naila, 2015; Yuniati, 2017).   

http://dx.doi.org/10.4314/bajopas.v12i1.32S
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These pollutants themselves, or their chemical 
derivatives, covertly or overtly find their way 
onto the environment during the prospection, 
exploration, refining, transportation, dispensing, 
utilisation and storage of diesel (You et al., 
2018). Environmental proximity and presence of 
these xenobiotics is associated with attendant 
carcinogenicity, mutagenicity and consistent 
bioaccumulation across the food chain 
(Mahmoud and Bagy, 2018). Elaborately, the 
transfer of toxic, complex aliphatics, aromatics, 
nitrogen, sulphur and metals that originate from 
diesel spills into the food chain is advocated as 
the raison d'être (Yetti et al., 2016) for 
xenobiotics’ bioaccumulation in spillage-affected 
areas. 
Generally, bye-products of petrochemical origin 
are regarded as priority pollutants as was vividly 
manifested in their declaration by the United 
States’ Environmental Protection Agency 
(USEPA) as priority pollutants (Yuniati, 2017). 
The extent of damage elicited by these 
pollutants can be lethal/sub-lethal, acute or 
chronic depending on the severity, dosage, 
time/duration of exposure and the particular 
organism affected (Patowary et al., 2016). 
Remediating spoilage-affected environment is 
challenging, furthermore the recalcitrant and 
persistent nature of the pollutants aggravates 
the problem; besides, timeframe of their stay in 
the deteriorated environments is elongated and 
aries with the identity of the particular chemical 
constituent (Al-Hawash et al., 2018). As such, 
bioremediation, and specifically biodegradation, 
is advocated as the best methods of 
environmental reclamation of contaminated sites 
(Atlas and Bertha, 2018) due to its many 
advantages over conventional physicochemical 
methods of removal, such as excavation, 
dispersion, sorption, volatisation, and abiotic 
transformation, which, nevertheless, have 
drawbacks of being expensive, destroy soil 
structure, and produce toxic chemical by-
products. The advantages include effectiveness, 
efficaciousness, efficiency, applicability, 
inexpensiveness, environmental-friendliness 
inter alia (Wang et al., 2019).  
A consortium refers to an agglomeration of two 
or more diverse microbial species living together 
(Nawong et al., 2018), with consequent benefits 
of vigor, efficaciousness and modularity. 
Consortia can also be found living together as 
polymicrobial entities in microbial biofilms (dos 
Santos et al., 2018) 
Since pollutants rarely exist singularly in 
contaminated environment, effective 
biodegradation requires the employment of a 

consortium (aggregate/group) of 
microorganisms, each capable of degrading one 
or more of the constituents of the contaminants 
or the use of a microorganism capable of 
degrading all the pollutants, with the latter being 
rare to find and the former desirable in 
biodegradation scenarios (Lee et al., 2019).   
The ideal consortium shall consist of variegated 
microbes capable of interacting seamlessly and 
having diverse properties and numerous 
applications (Bradacova et al., 2019). 
Hypothetically, interactions between 
microorganisms in any consortium can be of two 
types: antagonistic (which are iniquitous to at 
least one member of the consortium) or 
synergistic (which are benevolent and 
complementary) (Kumar and Jagadeesh, 
2016).   
In diesel polluted environments, which are often 
characterized by the existence of miniaturized 
microenvironments, with different 
physicochemical conditions, survival and 
degradation activity by a single strain is virtually 
impossible, however, by using a microbial 
consortium harboring different microbes, 
biodegradation can be carried out efficaciously 
and easily (Lee et al., 2018).      
The advantages of a microbial consortium over 
single strains in biodegradation experiments also 
include structural resilience, resistance and 
functional resilience (Sydow et al., 2016) and 
these are indispensable in temporal shifts in 
environmental conditions during diesel 
biodegradation. The multiplicity of catabolic 
genes responsible for biodegradation in diverse 
consortia is also advocated as a merit of 
consortia use in biodegradation (Xu et al., 2018) 
Furthermore, as opined by Garrido-Sanz et al. 
(2019), consortia have the advantages of 
overlapping substrate requirements and these 
can function extensively in the cascade of diesel 
biodegradation. Moreover, as espoused by 
Sarkar et al. (2013), the mechanism of 
synergistic approach of consortia to 
biodegradation depends on the growth factors of 
the organisms and co-metabolism function. 
According to Bento et al. (2005), the enhanced 
activity of consortia in diesel degradation 
scenarios is enhanced by the possession of 
multiple “metabolic mechanisms, surface active 
agents and emulsifiers”. Finally, the isolation of 
high numbers of microorganisms from an 
environment is commonly taken as an index that 
those organisms degrade the particular 
contaminant of the environment from which 
they were isolated (Ajao et al., 2014). 
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These factors underline the rationale behind 
conducting this study, which aims to formulate, 
test the compatibility of and evaluate the diesel 
degradation performance of diesel degrading 
bacteria consortia isolated from Katsina 
metropolis using Bushnell-Haas Agar 
supplemented with 2% diesel as a sole carbon 
source.  
 

MATERIALS AND METHODS 
Materials 
Diesel used in Bushnell-Haas Agar medium as a 
carbon source was purchased from Nigeria 
National Petroleum Cooperation (NNPC) Mega 
Station, Katsina. All chemicals used were of 
analytical or general purpose laboratory reagent 
grade and bacteria were isolated from the diesel 
contaminated soil within Katsina state. 
Diesel Degrading Bacterial Isolates and 

Purity Testing  
The isolates used in consortia formulation were 
previously putatively identified, as guided by the 
Cowan and Steell’s Manual (Barrow and 
Feltham, 2004), via colonial morphology, cellular 
morphology (by Gram staining) and biochemical 
characterization. Purity testing was carried out 
as modified from Wang et al. (2011). Cultures of 
previously identified diesel degrading bacteria 
isolated from Katsina Metropolis were sub-
cultured onto fresh nutrient agar (BioLab, 
Budapest Hungary) plates (prepared using the 
commercially prepared powdered medium 
according to manufacturer’s instructions and 
then autoclaved at 1210C for 15 minutes before 
being used to ensure pure cultures of individual 
strains are being used (Ukaegbu-Obi et al., 
2017).  
Preparation of Phosphate Buffer Saline 
Phosphate Buffer Saline (PBS) was prepared by 
dissolving NaCl (8g), KCl (0.2g) (Loba Chemie, 
Mumbai), Na₂HPO₄ (1.44g) and KH₂PO₄ (BDH, 
UK) 0.24 g, in 1 litre of distilled water and 
autoclaved at 1210C for 15 minutes (Umar et al., 
2017). 
Compatibility Testing 
The four isolates used in the study, i.e. Bacillus 
subtilis, Staphylococcus aureus, Micrococcus 
roseus, and Rhodococcus species were plated at 
one position on a Nutrient Agar plate, and 
incubated at 370C for 24 hours. Appearance of 
mixed bacteria growth designates that the 
isolates are compatible with one another. 
Bacteria Inoculums Preparation 
Bacterial inoculums were prepared using the 
four selected diesel degrading isolates (Bacillus 
subtilis, Staphylococcus aureus, Micrococcus 
roseus and Rhodococcus species) which served 
as the inoculums during the diesel 
biodegradation experiments (Ghazali et al., 

2004). Pure colonies from each bacterial culture 
plate were suspended in the sterile PBS for cells 
quantification using haemocytometer. 
Quantification of Live Cells via 
Haemocytometry 
The quantification of bacterium cells per milliliter 
was performed by further diluting the PBS 
suspended cells with 0.4% trypan blue (NIEHS, 
2019). The cells were subsequently counted 
microscopically using Neubauer British Standard 
Haemocytometer (Marienfield, Germany) until 
0.4 x 105 cells per ml was obtained (Chen et al., 
2011). Based on observation of cells using x40 
and x100 objective lenses of a compound 
binocular microscope, living cells were calculated 
using the following formula: 
Total viable cells (cells/ml) = X x Y x Z x 104 
Where: 
X is the volume of the suspended bacterium cells 
used for microscopy (0.1 ml);  
Y is the dilution factor of cells in trypan blue;  
Z is the average number of living cells counted 
per square and  
104 is the conversion factor of 0.1 mm3 (area of 
square) to ml. 
Formulation of Diesel degrading Consortia 
Formulation of diesel degrading consortia was 
carried out in accordance with the protocols of 
Sarkar et al. (2011). Mathematical permutation 
approach was used to determine number of 
replications for each composition in a particular 
consortium (Chen et al., 2011; Rosen, 2007). 
Experimental repetitions were determined by the 
following permutation formula adopted from 
Laisin et al. (2012):  

E    =             n!     
                                         (n-r)!r! 
Where: 
E is the total number of experimental 
repetitions,  
n is the total number of bacteria involved (4),  
r is the number of bacteria per consortium (2, or 
3, or 4) while, 
! is the factorial sign. 
 
The number of replications, r, was successively 
computed for the following scenarios: 
Consortium Testing and Evaluation of 

Diesel Degradation Using Bushnell-Haas 

Agar  
Eleven different consortia combinations involving 
the isolates designated A (Bacillus subtilis), B 
(Staphylococcus aureus), C (Micrococcus roseus) 
and D (Rhodococcus sp.), viz. (A and B; A and 
C; A and D; B and C; B and D; C and D); (A, B, 
and C; A, B and D; A, C, and D; and B, C and 
D); and (A, B, C and D), were made by 
combining equal proportions (1ml) of the 
individual bacteria resting cells.  
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Bushnell Haas Agar (BHA) was prepared using 
KH2PO4 (1g); K2HPO4 (1g); NH4NO3 (1g); MgSO4 
(0.2g); FeCl3 (0.05g); CaCl2 (0.02g); Agar-Agar 
(15g) dissolved in one liter of distilled water and 
sterilized at 1210C for 15 minutes (Siddique and 
Adam, 2002). Fresh diesel (2 litres) which was 
incorporated into the medium as a carbon 
source (Yetti et al., 2016; Atlas, 2005), at a 
concentration of 2% v/v was purchased from 
NNPC Mega Station, Katsina, and filter sterilized 
before use. One hundred microliter of each of 
the formulated consortia were then separately 
inoculated on BHA medium containing 2% v/v 
diesel concentration in duplicates (Mwamura, 
2017). These consortia were designated 1-11, 
respectively. Incubation was done at 370C for 72 
hours. Colony forming units were recorded from 
all the treatments on 24-hours basis and used to 
assess the effectiveness of the combined strains, 
as modified from Karthika et al. (2014). This 
criterion was used in selecting a final consortium 
that comprised the entire four bacterial strains in 
a single experiment. 
Data Analysis 
Microsoft Excel (2007) Data Analysis ToolPak 
was used to calculate the one-way Analysis of 
Variance (ANOVA) to determine sufficient 
variations between consortia constituents (Berk 
and Carey, 2010). Subsequently, the individual 
means were separated using Duncan’s Multiple 
Range Test (DMRT). 

RESULTS 
Compatibility Testing 
Luxuriant and robust growth of all the four 
species of bacteria involved in the compatibility 
testing was observed which confirmed the 
compatibility nature of all the isolates (Figure 1). 
Diesel Degradation Response of Inocula 

from the Formulated Consortia 
The results of the diesel degradation 
performance of the various consortia evaluated 
in terms of growth in CFU/ml obtained on BHA 
supplemented with 2% v/v diesel showed that 
the growth is dependent on the time of 
incubation. Results after 48 hours of incubation 
(Table 1) were higher than those obtained after 
48 hours of incubation (Table 2), but the 
variation is not statistically significant (p<0.05), 
with a p-value of 0.96156. There exist significant 
differences between the various consortia 
constituents as evaluated by one-way analysis of 
variance (p<0.05), with a p-value of <0.05. The 
results were further anlaysed using a post-hoc 
test (Duncan’s Multiple Range Test), which 
segregated the consortia into clusters of similarly 
performing strains.   
It is evident from the tables that consortium 11, 
consortium 9 and consortium 2 are the best 
performing in terms of CFU/ml obtained from 
the BHA cultures after 72 hours, with yields of 
1.7×104, 3.3×103 and 3.0×103 respectively.  

 

 
Figure 1: Plate showing robust mixed culture growth of the four isolates indicating their compatibility 
with one another.  
Key: 1= Bacillus subtilis strain which appeared large, rough, mucoid and white, 2= Micrococcus 
roseus strain which appeared pinkish/reddish, circular, raised and small, 3= Rhodococcus species 
having large, flat, irregular and red colonies; and 4= Staphylococcus aureus which appeared small, 
yellowish, raised and circular. 
The results of the performance of single strains of consortia compared with the chosen consortium 
(CST 11) indicate the improvement obtained in terms of degradation performance between the single 
strains and the consortium 11 containing four organisms (Fig 2.0).    
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Figure 2: Comparison of diesel degradation response of individual strains and a consortium 
harboring all the strains measured as CFU/ml growth on BHA after 72 hours of incubation. 
NB: Consortium 11 = B. subtilis, S. aureus, M. roseus and Rhodococcus sp. Error bars depict 
percentage errors (5%). 
 

Table 1: Diesel degradation response in CFU/ml obtained from different consortium compositions 
made of Bacillus subtilis, Staphylococcus aureus, Micrococcus roseus and Rhodococcus species after 
48 hours of incubation on 2% (v/v) Bushnell-Haas Agar. 
Combination Consortium  CFU/ml ± S.D. 

1 B. subtilis and S. aureus  2.0 × 102 ± 7.07e  
2 B. subtilis and M. roseus  3.0 × 103 ±2.83b 
3 B. subtilis and Rhodococcus sp.  4.4 × 102±14.14e 
4 S. aureus and M. roseus  1.6 × 103±22.63c 
5 S. aureus and Rhodococcus sp. 3.0 × 102±33.94e 
6 M. roseus and Rhodococcus sp. 4.8 × 102±13.94e 
7 B. subtilis, S. aureus and M. roseus  1.6 × 103±11.31c 
8 B. subtilis, S. aureus and Rhodococcus sp. 1.1 × 103±22.63c 
9 B. subtilis M. roseus and Rhodococcus sp. 6.0 × 101±227.69f 
10 S. aureus, M. roseus and Rhodococcus  sp.  8.0 × 102±22.63d 
11 B. subtilis, S. aureus, M. roseus and Rhodococcus sp. 1.6 × 104±90.51a 

NB:- Similar superscripts in the same column denote no significant differences (p<0.05) between 
mean diesel degradation performances between consortia, different superscripts denote significant 
differences (p≤0.05) between the means. S.D. = Standard deviation. 
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Table 2: Diesel degradation response in CFU/ml obtained from different consortium compositions 
made of Bacillus subtilis, Staphylococcus aureus, Micrococcus roseus and Rhodococcus species after 
72 hours of incubation on 2% (v/v) Bushnell-Haas Agar. 
Combination Consortium  CFU/ml ± S.D. 

1 B. subtilis and S. aureus  3.0 × 102 ± 7.07f 
2 B. subtilis and M. roseus  3.0 × 103 ±2.83b 
3 B. subtilis and Rhodococcus sp.  6.4 × 102±14.14d 
4 S. aureus and M. roseus  1.9 × 103±22.63c 
5 S. aureus and Rhodococcus sp. 7.8 × 102±33.94d 
6 M. roseus and Rhodococcus sp. 6.7 × 102±13.94d 
7 B. subtilis, S. aureus and M. roseus  1.7 × 103±11.31c 
8 B. subtilis, S. aureus and Rhodococcus sp. 1.4 × 103±22.63c 
9 B. subtilis M. roseus and Rhodococcus sp. 3.3 × 103±227.69b 
10 S. aureus, M. roseus and Rhodococcus  sp.  4.8 × 102±22.63e 
11 B. subtilis, S. aureus, M. roseus and Rhodococcus sp. 1.7 × 104±90.51a 

Key: S.D. = Standard deviation. Consortium in bold is the chosen consortium.  
NB:- Similar superscripts in the same column denote no significant differences (p<0.05) between 
mean diesel degradation performances between consortia, different superscripts denote significant 
differences (p≤0.05) between the means. 
 

DISCUSSION 
The importance of compatibility testing is 
advocated by Kumar and Jagadeesh (2016), 
who stated that a major limitation of consortia is 
failed performance on the field, due to 
incompatible nature of the individual strains of 
microorganisms present in the consortia. 
However this study involved the consortium 
compatibility testing which proved that the 
organisms can grow together synergistically 
when cultured on nutrient agar, and therefore, 
the combined isolates are suitable for 
formulation of bacteria consortia accordingly, 
thus elimination that possible drawback. The 
compatibility of the strains may also be aided by 
the fact they are all Gram positive, since 
antagonism (via bacteriocin production, for 
example) is more likely to occur amongst 
significantly different microbial groups. 
The status of some the bacteria used in 
formulating the diesel degrading consortia as 
diesel degraders had already been confirmed in 
previous literature: Bacillus subtilis in Rehman et 
al. (2015), from contaminated soils of Mansehra, 
Pakistan; Staphylococcus aureus by Karthika et 
al. (2014), Micrococcus species by Nikhil et al. 
(2013), who, in addition, isolated Pseudomonas 
sp. from garage soil, in India. The potential 
penchant of Rhodococcus sp. for degrading 
alkanes had already been stated, in the same 
vein, Lee et al. (2006) had already reported a 
novel species of Rhodococcus capable of such 
degradation.  
The advantages of utilizing all four microbes in a 
single consortium are readily discernable. 
Micrococcus species had already been proved to 
be a fast growing microorganism capable of 
degrading many organic and other compounds, 
(Nikhil et al., 2013) and this research confirmed 

that the isolated Micrococcus roseus grows 
profusely and in a fast manner. Staphylococcus 
aureus is capable of growing in diversified 
environments, likewise Bacillus subtilis. Ijah and 
Antai (2003) had already earmarked Bacillus 
species as the most prominent bacterial species 
isolated from diesel contaminated soils, and the 
most effective and efficient. 
The contributions of Rhodococcus sp. cannot be 
overemphasized, since it expresses the best 
ability for possessing and utilisng genes for 
diesel degradation, including alkB gene, among 
the four chosen strains.  
All the strains alone showed relatively lower 
performance (101 to 103 CFU/ml) compared to 
the consortium harbouring all the strains (104 
CFU/ml). This can be attributed to the limitations 
in terms of metabolic capability and absence of 
multiplicity of enzyme systems in single strains 
of microorganisms compared to 
groups/aggregates. 
It had been suggested that residual oils have 
been seen to supplant the growth of 2nd and 3rd 
strains of microflora subsequent to degradation 
of the original oil by a single strain (Mnif et al., 
2015), and this may be responsible for increases 
in CFU/ml values over time in the formulated 
consortia. 
It is obvious that the result of CFU/ml obtained 
from the haemocytometry (4×104) is lower than 
that obtained after growing the organisms in 
diesel for 48 hrs. This showed that the 
organisms require time to adapt to the 
environment change and secrete enzymes and 
carryout catabolism on the diesel substrate for 
energy generation. However, it is obvious that 
increase in time is associated with increases in 
CFU/ml. 
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Consortium 9 showed significant ability, since it 
generated 3.3× 101 CFU/ml within 72 hours. 
However, it was noticed that only 6.0 × 101 

CFU/ml was observed after 48 hours. This can 
possibly be because some of the fast growing 
bacterium/bacteria in the consortium were 
unable to degrade certain constituents of the 
diesel straightaway, and can only do so after a 
lag of 48 hours, during which the other slow 
growing bacterium/bacteria had sufficiently 
broken down, degraded or metabolized the 
diesel constituents to the extent that the fast 
growing member(s) can act on it, or act on the 
product of the metabolism of the first strain. 
Consortium 2 also showed potential. It 
generated a yield of 3×103 CFU/ml within 48 
hours. It is worth pointing out that the consortia 
can expedite degradation of diesel within 48-72 
hours. However, the best performing consortium 
was consortium 11 habouring all the strains, 
which generated 1.7 × 104 CFU/ml after 72 
hours. The least growth was obtained in 
consortium 9, which had been explained 
previously, and consortium 1, consisting of 
Bacills subtilis and Stapylococcus aureus which 
yielded only 3.0 × 102 CFU/ml after 72 hours.  
The findings of this study that the consortia 
performed better than single strains are in 
agreement with many previous literatures. Nikhil 
et al. (2013) had shown that diesel degradation 
by Pseudomonas and Micrococcus species is 
significantly greater than using either strain 
singly. Sarkar et al. (2013) also reported higher 
rates of BTEX (benzene, toluene, ethyl benzene 
and xylene) degradation using a microbial 
consortium than using a single strain.   
The reasons for these observations are obvious. 
Greene et al. (2002) reported that mixed 
populations with overall broad enzymatic 
capacities are required to degrade complex 
mixtures of hydrocarbons, such as crude oil or 
diesel fuel. Such mixed cultures display 
metabolic versatility and superiority to single 
cultures (Hamme et al., 2000). Consequently, a 
microbial conglomerate containing various 
microbes that manufacture the degradative 
enzymes for diverse ingredients of the 
decomposition pathway is considered to be well 

suited to the degradation of aromatic 
hydrocarbons. During biodegradation, microbes 
may not be directly implicated in the 
degradation channel, but, for the degradation of 
aromatic hydrocarbons, they may produce some 
micronutrients or surface-active agents which 
may aid such a process (Barathi and Vasudevan, 
2001; Ozaki et al., 2007).  
It is frequently reported that a single isolate has 
a high biodegradation rate for only a specific 
fraction of hydrocarbons (Chen et al., 2011). 
However, biodegradation of a hydrocarbon 
contamination by a consortium of 
microorganisms is advantageous because a 
variety of hydrocarbons would be affected 
simultaneously increasing the removal efficiency 
in a timely manner. Moreover, the co-
metabolism of the diesel components in a 
consortium is another possibility which can 
enhance the process. Ghazali et al. (2004) had 
previously formulated consortia using Bacillus 
and Pseudomonas. 
 
CONCLUSION 
This research had demonstrated the 
compatibility of Bacillus subtilis, Staphylococcus 
aureus, Micrococcus roseus and Rhodococcus. 
Diesel degradation performance measured using 
the index of growth in CFU/ml in 2% (v/v) BHA 
of the consortium harbouring all four strains was 
better than the single strains and all other 
formulated consortia. The findings of the study 
contribute towards illuminating inter-microbial 
relationships and microbial ecology especially 
within groups of diesel degrading bacteria. 
Further studies, including optimization of culture 
and physicochemical conditions for the chosen 
consortia are imperative, towards maximally 
harnessing the potentials of these bacteria for 
applications in large scale diesel biodegradation 
in spillage affected environments.  
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