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ABSTRACT: The disadvantages associated with conventional treatment of crude oil pollution have led to the development 

of alternative, economical and reliable biological treatments. In this study, six actinobacterial isolates were obtained from 120cm 

soil depth of a selected crude oil contaminated site in the Niger Delta region of Nigeria.  Streptomyces albus was selected from 

the six isolates based on its comparative ability to growth on crude oil and was investigated for its ability to degrade varying 

concentration of crude oil (1.0, 3.0, 5.0 and 7.5 %) and produce peroxidase during the biodegradation period. Increase in 

biomass enhanced degradation efficiency above 80 % after 10 days for all concentration of crude oil studied. Peroxidase 

production increased maximally during the log phase of growth with a maximum production of (3.01 U/L) on day 10 for 3% 

crude oil and (2.08 U/L) for 5% crude oil medium on day 12.  These remarkable properties displayed by Streptomyces albus in 

this study showed how tolerant and efficient this actinobacterial isolate was toward varying concentration of crude oil vis-à-vis 

the production of peroxidase. 
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Crude oil pollution has caused critical environmental 

and health defects (Obayori et al., 2009b, 

Muthuswamy et al., 2008). Bioremediation methods 

are the preferred environmental friendly treatment 

technologies for the remediation of hydrocarbons 

because of its low cost and complete removal of 

crude oil without introduction of secondary pollution 

when compared to the conventional methods of 

remediation (Jinlan, 2012). Actinobacteria have 

several characteristics that are essential for 

bioremediation: they are excellent metabolizers, with 

the ability to survive extreme conditions and produce 

biosurfactants which increase contaminant 

bioavailability and facilitate biodegradation process 

(Lin et al., 2010). Characterization of actinobacterial 

populations living in crude oil contaminated soils and 

evaluation of their degradation capacities serve as a 

guide for improving remediation of such 

environments (van Hamme et al., 2003; Zhengzhi et 

al., 2010). The detoxification of toxic organic 

compounds by various bacteria and fungi (Gianfreda 

et al, 1999) through oxidative coupling is mediated 

by oxidoreductases such as peroxidase. During such 

oxidation-reduction reactions, the contaminants are 

finally oxidized to harmless compounds (ITRC, 

2002). This study was aimed at investigating the 

crude oil biodegradation capability of Streptomyces 

albus isolated from a crude oil contaminated soil and 

the role of total peroxidase in the crude oil 

degradation process.  

 

MATERIALS AND METHODS 
Soil collection: Soil sample was collected at 120cm 

depth from ground surface of crude oil spilled site 

into a clean plastic container.  

 

Microbial isolation, characterization and 

identification: Actinobacterial isolation, 

characterization and identification were carried out 

according to Bergey’s Manual of Systematic 

Bacteriology (Whitman et al., 2012).  

 

Screening of actinobacteria capable of utilizing 

crude oil: In order to select best crude oil degrader, 5 

% seed culture inoculum were aseptically used to 

inoculate mineral salts medium (NH4NO3 (2.0 g/L), 

KH2PO4 (0.2 g/L), KH2PO4.12H2O (0.2 g/L), NaCl 

(0.8 g/L), KCl (0.8 g/L), CaCl2.2H2O (0.1 g/L), 

MgSO4 (0.2 g/L) and FeSO4.7H2O (0.002 g/L)) with 

crude oil (10 g/L) at pH 7.4. These were incubated in 

an orbital shaker at 180 rpm at 30 
ο

C for a period of 7 

days. Growth was monitored through culture optical 

density at 620 nm (Muthuswamy et al., 2008).The 

isolate with highest growth profile was selected for 

further studies while 1% glucose-based medium was 

used as control. 
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Crude oil biodegradation study: Biodegradation of varying crude oil 

concentration: Streptomyces albus was used to carry out the 

biodegradation of 1, 3, 5, and 7.5 % crude oil-based media using 5 % 

seed culture inocula incubated in an orbital shaker at 180 rmp at 30 
0
C 

for a period of time. Growth, residual crude oil, total peroxidase 

production and degradation efficiency were monitored. A Blank was 

prepared, which consisted of sterilized crude oil media in the absence 

of active actinobacteria. 

 

Determination of residual crude oil and degradation efficiency: The 

residual crude oil in the treatment were determined 

spectrophotometrically (Odu et al., 1985) at 2 days interval. Samples (5 

mL) from different treatments were mixed vigorously using a vortex 

mixer with equal volume of toluene to extract hydrocarbons from the 

samples. The extracted crude oil was detected at 420 nm. A blank was 

prepared, which consisted of distilled water without crude oil. A 

standard curve was also prepared using known concentration of crude 

oil to estimate the amount of crude oil in the samples. Residual crude 

was estimated as the difference between the initial and final 

concentrations of crude oil and degradation efficiency was estimated in 

percentage. 

 

Determination of peroxidase production: Total peroxidase activity was 

observed with modification every 2 days via oxidation of 0.24 mM 

2,2’azino-di-[3~ethyl benzothiazoline-6-sulphonic acid] (ABTS) 

buffered with 50 mM sodium acetate buffer (pH 5) in the presence of 5 

mM H2O2 at 414 nm for 5 minutes in a spectrophotometer (Hunter et 

al., 2003). The reaction mixture (3 mL) contains 1 mL ABTS, 1 mL of 

culture filtrate and 1 mL H2O2. The fermentation broths were earlier 

centrifuged at 5000 rpm for 20 minutes 

using refrigerated centrifuge at 4 
0
C to 

obtain a clear supernatant. One unit 

(U) of total peroxidase activity was 

defined as the amount of enzyme 

oxidizing 1 µmol ABTS per minute at 

pH 5.0 and 30 
ο

C with a molar 

extinction coefficient for the ABTS 

radical cation (the reaction product) of 

ɛ414 nm = 31100 M
-1

 cm
-1

. 

 

RESULTS AND DISCUSSION 

Actinobacteria isolation,  

characterization and identification: 

Six Actinobacterial isolates were 

isolated from 120 cm soil depth. 

Identification of the isolates was based 

on morphological and biochemical 

characterization as presented in Tables 

1.  

 

Screening of actinobacterial isolates: 

The six actinobacterial isolates 

screened had varied degree of growth 

in the crude oil-based medium (figure 

1).  
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Fig 1: Growth profile of (A) Actinomyces israelii, (B) Norcardia coeliaca, (C) Norcardia 

opaca, (D) Actinomyces odontolyticus, (E) Streptomyces albus and (F) Norcardia 

brasiliences on 1% Glucose and Crude oil based medium 

 

The actinobacterial growth profile for all isolates showed that glucose 

was readily utilized within 48 hours. However, a prolonged lag phase 

was exhibited by the isolates in the crude oil medium except for 

Streptomyces albus (Figure 1E). Therefore, Streptomyces albus was 

selected for further studies. Microorganisms preferentially metabolize 

glucose than substrates such as crude oil because it is more energy 

efficient because of the simpler structure of glucose. The main sources 

of carbon for microorganisms in crude oil are hydrocarbons and 

organic compounds that are often the products of crude oil 

biodegradation (Dandie et al., 2004). Streptomyces albus growth 

profile and crude oil degradation: High rate of crude oil degradation 

was observed during the log phase of growth of the isolate with more 

than 50 % of crude oil degraded (figure 2). Streptomyces albus 

exhibited no lag phase in the presence of 1% crude oil with residual 

crude oil of 0.49 % on day 2 (figure 2A).  The residual crude oil 

decreased to as low as 0.023 % on the twelfth day.  Similarly, a report 

by Olajuyigbe and Ehiosun (2016) showed Actinomyces viscosus and 

Actinomyces israelii had degraded 87% and 80%, respectively of initial 

crude oil without inhibitory influence on their growth. During 

biodegradation of 3 % crude oil, 

stationary phase set in on day 6 

resulting to a slow declining phase on 

day 8 with reduction in crude oil 

biodegradation rate. The findings of 

George-Okafor et al. (2000) have 

showed that Aspergillus versicolor and 

Aspergillus niger exhibited 

biodegradation efficiency higher than 

98% while Mance et al. (2007) 

reported 86% and 81% for Penicillium 

funiculosum and Aspergillus sydowii, 

respectively after 120 days.  

Streptomyces albus exhibited no lag 

phase of growth in 5 % crude oil 

although there was a quick onset of 

stationary phase on day 4 of the study. 

The residual crude oil further dropped 

to 0.52 % after day 12 (figure 2C).  

Further study with 7.5 % crude oil 

showed that S. albus also exhibited 

low growth with an early and 

prolonged stationary phase from day 6. 

Streptomyces albus  exhibited high 

growth profile and biodegradation rate 

because the branching filamentous 

mode  of  growth  allows  for  more 

efficient  colonization  and  

exploration  of  the crude oil  

(Hamman,  2004), production of  

biosurfactants and adaptation  to  

nutrient  limited  conditions  

consequently  do not  fluctuate  in  

response  to  hydrocarbon  enrichment 

(Quatrini  et  al.,  2008)  which  

normally  causes  nutrient deficiencies  

(Stroud  et  al.,  2007). 

 

 Total peroxidase production and 

degradation efficiency: An important 

increase in  total peroxidase activity  in 

this study followed  by  a  decrease  in  

crude oil concentration suggest  that  

total peroxidase  is involved  in crude 

oil  degradation. Microbial growth and 

production of peroxidase have been 

reported to be triggered by nutrient 

(carbon and nitrogen sources) 

availability (Soni et al., 2012). 

Peroxidase production increased 

maximally during the log phase of 

growth of the isolates under study 

(figure 3). 
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Fig 2: Growth profile and residual crude oil of Streptomyces albus in (A) 1%, (B) 3%, 

(C) 5%, (D) 7.5% crude oil based medium 

 

 
Fig 3: Degradation efficiency and peroxidase production by Streptomyces albus in (a) 

1%, (b) 3%, (c) 5%, (d) 7.5% crude oil based medium. 

 

The enzyme production increased on 

day 2 to a maximum of 1.51 U/L and 

3.01 U/L on day 10 by Streptomyces 

albus on 1% and 3% crude oil 

medium, respectively (figure 3A and 

3B) with degradation efficiency of 

97.97 % on day 16 of the study for 3% 

crude oil (figure 3B). Further increase 

in degradation efficiencies after 

decline in peroxidase production might 

be related to the activity of some 

intracellular enzymes involved in 

crude oil degradation as reported by 

Olajuyigbe and Ehiosun (2016). 

However, Streptomyces albus 

exhibited enzyme activity with a 

maximum production on day 12 (2.08 

U/L) for 5% crude oil medium with 

biodegradation efficiency of 84.90 % 

(figure 3C). Meanwhile, it was 

observed that the biodegradation 

efficiency was 92.59 % on day 14 in 

7% with peroxidase activity of 1.45 

U/L (figure 3D). Comparably, Lateef 

et al. (2011) have also reported more 

than 90% degradation of Bonny Light 

crude oil (1 g/L) by two Pseudomonas 

isolates but over a period of 21 days. 

The measurement of high activity 

levels of peroxidase, coupled  with  the  

removal  of  crude oil  may  be  

considered  to  be indicative of a 

relationship  between enzymes activity  

and degradation  yield (Anastasi et al., 

2009). 

 

Conclusion: Crude oil  pollution  is  a  

major  threat  to  the  environment  as  

they adversely  affect  the  surrounding  

ecosystem.  The microorganisms  

present  at  oil contaminated  sites  

have  ability  to  degrade  toxic 

contaminants present in crude oil into 

nontoxic forms. The remarkable 

properties displayed by Streptomyces 

albus in this research showed how 

tolerant and efficient this 

actinobacterial isolate was toward 

varying concentration of crude oil vis-

à-vis the production of peroxidase. 

Hence, Streptomyces albus is a good 

biotechnological tool for crude oil 

biodegradation. 
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