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ABSTRACT 

Comparison on the effect of temperature on bacteria growth upon crude oil 

degradation was monitored in water media (salt and fresh water media). The 

experimental investigation reveals the following organisms Bacillus pumilus, 

Bacillus nealsoni, Bacillus Licheniformis, Klehsiella singaporenssis and Erwinio 

rhapnotic isolated and identified from crude oil, Edwardsiella ictaluri, Klebsiella 

aerogens, Brevibacillus laterosporus, Bacillus alcalophilus, Bacillus brevis, Tatumello 

ptyseos and Bacillus acidiceler for fresh water medium and for salt water medium 

Paenibocillus pectinilyticus, Bacillus niacin, Yersinia mollareti, Pectabacterium 

betavasculonm, Bacillus smithi, Bacillus siamensis and Bacillus cereus. These 

organisms were cultured and inonculated into the bioreactor designed and 

fabricated at elevated height with the temperature of the process regulated within 

the range of 15oC to 120oC. The growth of each bacteria was monitored with 

increase on the functional temperature and research predicted no lag phase and 

decline phase within 15oC to 45oC for all rather increase in microbial was 

experienced. However, as temperature increased above 45oC all the mesophilic 

organisms decline. This phenomena was experienced at 75Oc for bacteria 

optimum allowable operating temperature of thermophilic and super 

thermophilic of 105oC, the investigation reveals that at temperature up to 120oC 

bacteria as organism survives but the active site of the bacteria are highly 

inhibited to catalyzed the reaction process. This research predicted that bacteria 

of salt water medium performance was higher than the fresh water medium 

because of the ability to withstand the effect of temperature upon crude oil 

degradation. 
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1. INTRODUCTION 

Bioreactors are dyed ponds equipped with aerated system and settling tank. The 

settling tank serves as a clarifier in which the biological solids effluent from the 

lagoon are removed [1-3]. The structure of the clarifier may be made of concrete 

equipped with mechanical rakes for continuous removal of the biological sludge 

and other materials. In some cases, stabilization ponds are used in place of 
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settling tank, where the biological solid in the pond are periodically drained and sludges removed are used for landfill as reported 

[4-7]. 

The aeration system employed in the Bioreactor is surface aeration using a floating device. Investigation conducted on aeration 

system revealed that the provision of oxygen in the upper zone for facultative while in some bioreactors perforated pipes are led at 

the bottom of the lagoon so as to release compressed air for the purpose of aeration [8-10]. The use of lagoon for effluent treatment 

has been found useful to be very economical compared to sludge treatment mechanism as reported by various researchers [11-12]. 

The major setback identified in the lagoon system is the large land area required for the construction of the lagoon and the 

clarifier. The Bioreactor functions as an activated sludge system without a recycle hence the biochemical kinetics for activated 

sludge could be used for design purposes in some cases [13]. Research conducted on stagnant pond revealed that pond can be 

defined as a stagnant pool of water contaminated with pollutant as well as often referred to as stabilization or oxidation ponds [14]. 

The stagnant ponds are used for de-mineralization of organic contaminant from individual effluent and during the process of bio-

oxidation, carbon dioxide, ammonia and inorganic radicals may be given up as products in addition to the biomass [15-18].  

Furthermore, their research reveals that the biological and chemical processes in the system, are both beneficial to one another 

and to other biological organisms. The presence of other organization which make use of the carbon dioxide and sunlight to 

generate oxygen necessary for aerobic biodegradation [19-20]. In most cases, individual hydrocarbon properties are found to play a 

vital role in terms of microbial activities and biodegradability of the substrate. Studies conducted revealed that petroleum as a 

contaminant consists of various complex mixtures of constituents or compounds which influence the microbial growth and 

degradation processes. The chemical characteristics of the hydrocarbon indeed influence the environment and everything that 

derives their source of energy within the area of contamination. These hydrocarbons can be grouped as paraffin, olefin, nathylene 

and aromatic and the alphatics groups are classified as saturated such as branched alkanes, cycloalkanes and n-alkane whereas the 

aromatics are unsaturated such as benzene, toluene and xylene. Research conducted revealed that degradability of petroleum 

hydrocarbon group is in the order of magnitude of n-alkanes >branched alkanes > aromatic cycloalkanes hydrocarbon of low 

molecular weight > cycloalkanes > asphaltic > resin [21-25]. 

 

2. MATERIALS AND METHODS 

Materials and Equipment 

The following materials and equipment were used in carrying out the thesis work on the effect of temperature on bacteria growth of 

crude oil degradation in an Bioreactor, which include; thermometer, thermocouple, conical flask, plastic container, compressor, 

fabricated bioreactor, salt water, fresh water, crude oil, heater, capillary tube, electrical power source, sampling bottle for microbial 

analysis. 

 

Sample Collection  

Fresh water sample was collected from Orashi River in Ahoada Community in Ahoada East Local Government Area of Rivers State, 

Nigeria and the salt water sample collected from Eagle Island in Port Harcourt Local Government Area of Rivers State Nigeria. The 

samples were transported to the department of Chemical/Petrochemical Engineering Laboratory for analysis as well as to set-up the 

experiment. Crude oil sample obtained from Ogbogu flow station in Ogba/Egbema/Ndoni Local Government Area of Rivers State, 

Nigeria was transported to the same department for analysis as well as to set-up the experiment. 

The Bioreactor was fabricated by Tonny Engineering Limited and transported to Chemical/Petrochemical Engineering 

Laboratory for onward set-up to receive the required connection and materials for the startup of experimental procedures. 

 

Microbiology of Samples 

This involved enumeration and isolation of aerobic heterotrophic bacteria and fungi from the water samples. Serial ten-fold dilution 

was employed, in which the water samples were diluted serially up to 10-2dilutions. Aliquot (0.1ml) of appropriate dilutions were 

spread plated, using a sterile bent glass rod, onto the surfaces of fresh sterile dried nutrient agar plates for bacteria and sabouraud 

dextrose agar plates for fungi. The inoculated plates were incubated at 370C for 24 hours for bacteria and 2-3days for fungi. After 

incubation, plates that had significant growth were counted and the population of bacteria was recorded in colony forming units 

per gramme (cfu/ml) while population of fungi was recorded in spore-forming units per gramme (sfu/ml) soil. 

Representative discrete bacterial colonies were purified by sub culturing onto fresh sterile nutrient agar plates which were 

incubated at 370C for 24 hours and used as pure cultures for characterization of the isolates. Similarly, colonies of fungi were sub 
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cultured onto Sabouraud Dextrose Agar (SDA) plates which were incubated for 280C for 3–5 days and the pure cultures used for 

characterization of fungal isolates. 

 

Characterization and identification of bacterial isolates 

Pure cultures of bacteria were obtained and subjected to various characterization procedures. The standard characterization tests 

performed included: Gram stain, motility test, catalase, methyl red and Vogues Proskaver test. Others are urease, indole, protease, 

nitrate reduction, starch hydrolysis and sugar fermentation tests. The isolates were identified on the basis of their cultural, 

morphological and biochemical reactions, and by reference to Cowan, 1974; Buchanan and 1994; Linn, 2006. ABIS online 

identification tool was further used to identify bacteria to generic and/species levels. 

Fungal isolates were characterized by microscopy by observing the colonial morphology, colour of colony, texture, shape, 

surface appearance, and colour on the reverse plates; and microscopy using the wet preparation and slide culture by observing 

cultural characteristics to reveal the asexual and sexual reproductive structures. 

 

3. RESULTS & DISCUSSION 

Table 1: Distribution of Bacterial Isolated in Crude oil, Fresh and Salt Water for Preliminary Sample. 

S/No Sample 
Description of bacteria isolated and identified in 

preliminary sample of crude oil and water media 

Total 

Heterotrophilic 

Bacteria x103 cfu/g 

1 

C
ru

d
e 

O
il

 

Bacillus pumilus 

0.
30

 2 Bacillus nealsoni 

3 Bacillus Licheniformis 

4 Erwinio rhapnotic 

5 Klehsiella singaporenssis 

    

1 

F
re

sh
 W

at
er

 

Edwardsiella ictaluri 

0.
22

 

2 Klebsiella aerogens 

3 Brevibacillus laterosporus 

4 Bacillus alcalophilus 

5 Bracillus brevis 

6 Bacillus acidiceler 

7 Tatumello ptyseos 

    

1 

S
al

t 
W

at
er

 

Paenibacillus pectinilyticus 
0.

21
 

2 Bacillus niacin 

3 Yersinia mollareti 

4 Pectabacterium betavasculorum 

5 Bacillus smithi 

6 Bacillus siamensis 

7 Bacillus Cereus 

 

Table 1 demonstrates the preliminary sample of crude oil, water medium (fresh) and water medium (salt) in terms of possible 

microbes present, which was isolated and identified as bacteria. The microbial population was grouped as the colonies forming unit 

per gram (cfu/g) for the various organisms present in crude oil sample, fresh water and salt water media. Detail species of bacteria 

and fungi isolated and identified are presented in Table 1 for bacteria distribution. 
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Table 2: Identification of Bacteria in Different Samples of Salt and Fresh Water Media on the Effect of Temperature at Different 

Time (Temperature Range of 15 – 45oC) 

 

T
em

p
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u

re
 (

O
C

) 

T
im

e 
(H

r)
 Distribution of Bacterial Isolates 

Total 

Heterotrophic 

Bacteria 

(cfu/mlg-1) x103 
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s 
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K
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m
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T
at

u
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 p
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Fresh 

Water 

 

Salt 

Water 

15 0 

Isolated Bacteria for water medium (fresh): Klebsiella singaporensis, edwardsiella ictaluri, klebsiela 

aerogens, brevibacillus laterosporus, erwinia rhapnotii, Yersinia mollaretii, bacillus licheniformis, bacillus 

alcalophilus, bacillus pumilus, bacillus brevis, bacillus nealsonii, bacillus acidiceler, Tamumella ptyseos. 

 

Isolated bacteria for water medium (salt): Klebsiella singaporensis, Paenibacillus pectinilyticus, bacillus 

niacin, erwinia rhapnotii, Yersinia mollaretii, Pectobacterium betavasculorum, bacillus smithii, bacillus 

licheniformis, bacillus siamensis, bacillus cereus, bacillus pumilus, bacillus nealsonii  

0.5 0.5 

 1 5 0.3 

 2 8.1 0.6 

 3 25 0.7 

 4 21 1.2 

 5 9.6 1.7 

 6 0.5 0.5 

30 0 
Isolated Bacteria for water medium (fresh): Klebsiella singaporensis, edwardsiella ictaluri, klebsiela 

aerogens, brevibacillus laterosporus, erwinia rhapnotii, Yersinia mollaretii, bacillus licheniformis, bacillus 

alcalophilus, bacillus pumilus, bacillus brevis, bacillus nealsonii, bacillus acidiceler, Tamumella ptyseos. 

 

Isolated bacteria for water medium (salt): Klebsiella singaporensis, Paenibacillus pectinilyticus, bacillus 

niacin, erwinia rhapnotii, Yersinia mollaretii, Pectobacterium betavasculorum, bacillus smithii, bacillus 

licheniformis, bacillus siamensis, bacillus cereus, bacillus pumilus, bacillus nealsonii,  

7 2 

 1 12 3.1 

 2 20 5.6 

 3 9.3 6.8 

 4 5.6 6.3 

 5 3.7 4.1 

 6 0.5 0.5 

45 0  0.8 3.5 

 1 Isolated Bacteria for water medium (fresh): Klebsiella singaporensis, edwardsiella ictaluri, klebsiela 

aerogens, brevibacillus laterosporus, erwinia rhapnotii, Yersinia mollaretii, bacillus licheniformis, bacillus 

alcalophilus, bacillus pumilus, bacillus brevis, bacillus nealsonii, bacillus acidiceler, Tamumella ptyseos. 

 

Isolated bacteria for water medium (salt): Klebsiella singaporensis, Paenibacillus pectinilyticus, bacillus 

niacin, erwinia rhapnotii, Yersinia mollaretii, Pectobacterium betavasculorum, bacillus smithii, bacillus 

licheniformis, bacillus siamensis, bacillus cereus, bacillus pumilus, bacillus nealsonii,  

1.1 7.5 

 2 15 16 

 3 43 25 

 4 8.3 14 

 5 5.0 7 

 6 4.1 5 

 

Table 2 illustrates the identification of bacteria in different samples of salt and fresh water media on the effect of temperature at 

different time (temperature range of 15 – 45 oC). The bacteria that withstand the temperature effects are well documented in this 
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research and the investigation reveals that temperature plays an active role on cell growth. The organisms that withstand this 

temperature is grouped as mesophilic. 

 

Table 3: Identification of Bacteria in Different Samples of Salt and Fresh Water Media on the Effect of Temperature at Different 

Time (Temperature Range of 60 – 90 oC) 
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 p
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Fresh 

Water 

 

Salt 

Water 

60 0 Isolated Bacteria for water medium (fresh): Klebsiella singaporensis, Edwardsiella ictaluri, klebsiela 

aerogens, Brevibacillus laterosporus, Erwinia rhapnotii, Bacillus licheniformis, Bacillus alcalophilus, bacillus 

pumilus, Bacillus brevis, Bacillus nealsonii, Bacillus acidiceler, Tamumella ptyseos. 

 

Isolated bacteria for water medium (salt): Klebsiella singaporensis, Paenibacillus pectinilyticus, erwinia 

rhapnotii, Pectobacterium betavasculorum, Bacillus smithii, Bacillus licheniformis, Bacillus pumilus, bacillus 

nealsonii.  

0.5 0.5 

 1 10 5 

 2 21 10 

 3 30 18 

 4 22 20 

 5 17 11 

 6  14 7 

75 0 Isolated Bacteria for water medium (fresh): Klebsiella singaporensis, Edwardsiella ictaluri, Klebsiela 

aerogens, Brevibacillus laterosporus, Erwinia rhapnotii, Bacillus licheniformis, Bacillus pumilus, Bacillus 

nealsonii, bacillus acidiceler, Tamumella ptyseos. 

 

Isolated bacteria for water medium (salt): Klebsiella singaporensis, Paenibacillus pectinilyticus, bacillus 

niacin, Erwinia rhapnotii, Pectobacterium betavasculorum, Bacillus smithii, Bacillus licheniformis, bacillus 

pumilus, Bacillus nealsonii.  

0.5 0.5 

 1 0.5 3 

 2 10 6 

 3 14 12 

 4 26 13 

 5 4 8.1 

 6  0.5 0.5 

 

90 

0  0.8 3.5 

 1 Isolated Bacteria for water medium (fresh): Edwardsiella ictaluri, Klebsiela aerogens, Brevibacillus 

laterosporus, Erwinia rhapnotii, Bacillus licheniformis, Bacillus pumilus, Bacillus acidiceler, Tamumella 

ptyseos. 

 

Isolated bacteria for water medium (salt): Klebsiella singaporensis, Paenibacillus pectinilyticus, bacillus 

niacin, Erwinia rhapnotii, Pectobacterium betavasculorum, Bacillus smithii, Bacillus licheniformis, bacillus 

pumilus, Bacillus nealsonii.  

7 4 

 2  16 8 
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 3 21 15 

 4 25 24 

 5 27 13 

 6 32 6 

 

 

Table 4: Identification of Bacteria in Different Samples of Salt and Fresh Water Media on the Effect of Temperature at Different 

Time (Temperature Range of 105 – 120 oC) 
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Fresh 

Water 

 

Salt 

Water 

105 0 Isolated Bacteria for water medium (fresh): Klebsiella singaporensis, Edwardsiella ictaluri, Klebsiela 

aerogens, Bacilius licheniformis, Bacillus pumilus, Bacillus nealsonii, Bacillus acidiceler, Tamumella 

ptyseos. 

 

Isolated bacteria for water medium (salt): Paenibacillus pectinilyticus, Bacillus niacin, Bacillus 

licheniformis, Bacillus pumilus, Bacillus nealsonii.  

0.5 0.5 

 1  10 6 

 2 15 14 

 3 35 24 

 4 8.4 30 

 5 4.3 23 

 6 5.9 16 

120 0 0.5 0.5 

 1 0.6 0.6 

 2 Isolated Bacteria for water medium (fresh): Klebsiella singaporensis, Edwardsiella ictaluri, Klebsiela 

aerogens, Brevibacillus laterosporus, Erwinia rhapnotii, Yersinia mollaretii, Bacillus licheniformis, Bacillus 

alcalophilus, bacillus pumilus, Bacillus brevis, Bacillus nealsonii, Bacillus acidiceler, Tamumella ptyseos. 

 

Isolated bacteria for water medium (salt): Klebsiella singaporensis, Paenibacillus pectinilyticus, 

Bacillus niacin, erwinia rhapnotii, Yersinia mollaretii, Pectobacterium betavasculorum, Bacillus smithii, 

Bacillus licheniformis, bacillus siamensis, Bacillus cereus, Bacillus pumilus, Bacillus nealsonii,  

1.2 1.4 



DISCOVERY l ANALYSIS ARTICLE 

ISSN 2278–5469  EISSN 2278–5450 l OPEN ACCESS 

P
ag

e1
2

0
0
 

 3  1.7 2.2 

 4 1.9 3.3 

 5 1 2.8 

 6 0.6 2.5 

 

Table 3 shows the identification of bacteria in different samples of salt and fresh water media on the effect of temperature at 

different time (temperature range of 60 – 90 oC). The bacteria that withstand the temperature effects are well documented in this 

research and the investigation reveals that temperature plays an active role on cell growth. The organisms that withstand 

temperature of above 45oC to 75oC are grouped as thermophilic. 

Table 4 demonstrates the identification of bacteria in different samples of salt and fresh water media on the effect of temperature 

at different time (temperature range of 105 – 120 oC). The bacteria that withstand the temperature effects are well documented in 

this research and the investigation reveals that temperature plays an active role on cell growth. 

 

Temperature Effect on Total Heterotrophic Bacteria in Salt and Fresh Water Media 

The effect of temperature on the microbial growth of the bacteria and fungi in fresh and salt water media are presented in Figure 1 

to 2. 

 

 
Figure 1: Temperature effect on Total Heterotrophic Bacteria Growth versus Time for Fresh Water Medium.  

 

Figure 1 showcases the effect of temperature on total heterotrophic bacteria growth on water medium (fresh) with increase in 

time. Increase in microbial growth was experienced with increase in time for the various operating temperatures before sudden 

decrease as the operating time decreases. The organisms isolated and identified as total heterotrophic bacteria are Edwardsiella 

ictaluri, Bacillius pumilus, klebsiella aerogens, bacillius brevis, klebsiella singaporensis, brevibacillus laterosporus, Erwinia rhapnotii, Bacillius 

licheniformis, Bacillius alcalophilus, Bacillius mealsonie, Erwinia rhapnotic. The research work reveals that the temperature influence the 

microbial growth negatively in some cases as described in Figure 1. 
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Figure 2 Temperature effect on Total Heterotrophic Bacteria Growth versus Time for Salt Water Medium. 

 

Figure 2 reveals the effect of temperature on the total heterotrophic growth in water medium (salt) with increase in contact time 

in a bioreactor. The total heterotrophic bacteria isolated and identified are Rectobacterium betarasculorum, Bacillus Smithii, klebsiella 

singaporensis, Wrwinia rhapnotii, Bacillius licheniformis, Bacillius alcalophilus, pnaenibacillus pectinilyticus, Bacillus niacin, Bacillius 

pumilus. 

Acceleration, progressive and decline phase was experienced in all phase of temperature effect of TBS 15, TBS 30, TBS 45, TBS 

60, TBS 75, TBS 90, TBS 105 and TBS 120. The result reveals the effect of temperature on the bacteria growth in terms of crude oil 

degradation. In some cases, the temperature acted as an inhibitor and also as activator. The result predicts the allowable time on the 

effect of temperature for accelerating the microbial growth in the bioreactor as demonstrated in the experimental sampling.  

 

4. CONCLUSION 

This research was able to demonstrate the following: 

a. The temperature above 105℃ reveals that some organisms served with low population and at high temperature range of above 

75℃ (super thermophilic organisms) plays less active role in enhancing bioremediation or degradation of crude oil in Bioreactor 

rather than thermal degradation or remediation was experienced to be more effective because of constant evaporation of the 

methane gas.  

b. The research work reveals some of the possible microorganisms capable of degradating petroleum hydrocarbon in an elevated 

temperature of super thermophilic.  

c. The research work revealed that organism isolated and identified from Water medium (salt) withstand higher temperature with 

low decline than those obtained from water medium (fresh) yielding higher hydrocarbon degradation. 
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