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Abstract— Petroleum Hydrocarbons such as diesel fuel, crude oil and petroleum distillates are one of pollutants found 

in marine environment. This pollutants have been recognized as one of the most hazardous wastes. The objective of this 

study was to determine the ability of diesel degradation with microbial consortium of Vibrio alginolyticus and Acinetobacter 

lwoffii. Vibrio alginolyticus and Acinetobacter lwoffii were isolated from ship dismantling facility in Tanjungjati coast,  Madura, 

Indonesia. The diesel degradation studies was conducted by inoculating 10% (v/v) of bacterial consortium into MSM with 

10% (v/v) of diesel concentration and diesel degradation percentage was detected by GC-MS analysis. The result showed 

that bacterial consortium between V. alginolyticus and A. lwoffii were able to degrade diesel about 12.06% for 14 days of 

incubation at initial diesel of 10% (v/v) with 1,6 x 107 CFU/mL . It was concluded that bacterial consortium between V. 

alginolyticus and A. lwoffii may has a potential as an degrader for the bioremediation of marine environments polluted by diesel 

with further investigation through biostimulation and bioaugmentation technique. 
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I. INTRODUCTION 
 

Diesel is a kind engine fuel that contains rich hydrocarbons ranged C8 – C26 and polyaromatic hydrocarbons (PAHs) 

[1]. Diesel was reported as seawater and soil contaminant [2]. Diesel spillage causes serious effects to marine ecosystem 

because the component of diesel are potentially carcinogenic and toxic for environment [1]. It has been estimated that global 

production of crude oil more than twelve million metric tons annually and about 1.7 to 8.8 million metric tons of petroleum 

hydrocarbon escapes into the terrestrial and marine environment [3]. One of the best approaches to restoring contaminated 

seawater is to make use of microorganisms able to degrade those toxic compounds in a bioremediation process [2]. 

 

Bioremediation is one of biotechnology that utilizes microorganism to detoxify the hazardous nature of the compounds. 

Indigenous microorganisms isolated from diesel contaminated area have more efficient capability in degrading diesel [4]. 

Many isolated bacteria from diesel contaminated area, such as Acinetobacter sp, Vibrio sp, Moraxella sp, and Bacillus sp [5] have 

been found to degrade diesel. Bioremediation has potential to provide a low cost, non-intrusive, natural method to render 

toxic substances in soil less harmful or harmless over time [3]. Several factors affecting on diesel degradation process are the 

types of microorganisms, dissolved oxygen, pH, temperature, inoculum size of bacteria, nutrient availability, and salinity 

levels. 

 

Bioremediation process can be conducted by bacterial consortium with two or more different bacteria on contaminated 

medium [6]. Das and Chandra [7] reported that bacterial consortium of bacteria with different enzyme was required in 

hydrocarbon degradation process. Prakash et al. [8] also reported that Bacillus sp. APHP6, Pseudomonas sp. APHP9, 

Pseudomonas sp. APBP1, Micrococcus sp. APIO4, and consortium could degrade diesel achive to 61.2%; 68.4%; 53.7%; 39.3%; 

and 75.4%, respectively, with incubation period for 6 days and 1% (v/v) of diesel concentration. 

 

IAETSD JOURNAL FOR ADVANCED RESEARCH IN APPLIED SCIENCES

VOLUME 5, ISSUE 1, JAN/2018

ISSN NO: 2394-8442

http://iaetsdjaras.org/134



 

 

 

 Ibrahim [9] also reported that Ochrobactrum anthropy HM-1, Citrobacter freundii HM-2, and bacterial consortium could 

degrade engine oil up to 65 ± 2.2; 58 ± 2.1; and 80 ± 1.9% with 2% (v/v) of diesel concentration, 2% (v/v) of inoculum 

size, pH and temperature were 7.5 and 37oC for 21 days of incubation period. Furthermore, bacterial consortium between 

Acinetobacter faecalis WD2, Staphylococcus sp DD3 and Neisseria elongate TDA4 were capable to degrade diesel up to 98% with 

15 days of incubation period; temperature and pH were 37oC and 7 with 1% (v/v) of diesel concentration [10]. 

 

Vibrio alginolyticus and Acinetobacter lwoffii are bacteria that isolated from diesel contaminated seawater and soil. Isiodu et 

al. [11] and Hamzah et al. [12] reported that Vibrio alginolyticus G19 and A. lwoffii could be isolated from crude oil contaminated 

brackish water and have ability to degrade diesel with consotium bacteria up to 90%. Currently, available information 

regarding biodegradation of diesel by bacterial consortium between Vibrio alginolyticus and Acinetobacter lwoffii is limited thus 

the research about this is very necessary to increase our knowledge. 

 

The aim of the present study was to determine the ability of diesel degradation on bacterial consortium of Vibrio 

alginolyticus and Acinetobacter lwoffii that isolated from ship dismantling area in Tanjungjati coast, Madura, Indonesia. Vibrio 

alginolyticus and Acinetobacter lwoffii were isolated from ship dismantling area in Tanjungjati coast, Madura, Indonesia and were 

identified based on our previous study [13]. 

 

II. MATERIALS AND METHODS 
 

A. Preparation of Bacteria 

Vibrio alginolyticus and Acinetobacter lwoffii were isolated from ship dismantling facility in Tanjungjati coast,  Madura, 

Indonesia and was conducted based on our previous study [13]. Pure culture was maintained on nutrient agar slants at 4°C. 

The re-growth of bacteria was conducted on NA at incubator with temperature of 37°C for 24 hours and after that, bacteria 

was tranferred to NB in sterile erlenmeyer. This bacteria was shaken vigorously in an shaker (Innova 2000, Eppendorf, 

Jerman) at 150 rpm for 8 hours (OD600 = 1). After that, bacteria was centrifuge for 10 min at 3000 rpm and the cell pellet 

was washed twice in steril NaCl 0.85% solution. It was ready to be used for diesel biodegradation studies. 

 

B. Diesel Biodegradation Studies 
The diesel degradation studies were performed in Mineral Salt Medium (MSM) that contains diesel oil as the sole source 

of carbon. MSM consists of (NH4)2SO4 - 1 g/L; KH2PO4 - 1 g/L; K2HPO4 - 1 g/L; MgSO4.7H2O - 0.2 g/L; FeCl3 - 0.05 

g/L; CaCl2 - 0.02 g/L; and NaCl – 16.53 g/L [2]. The biodegradation of diesel was carried out in 250 mL Erlenmeyer flask 

(Pyrex, Germany) containing 100 mL of MSM and 10% (v/v) of diesel as the carbon source and energy with bacterial 

consortium. 10% (v/v) of bacterial consortium between V. alginolyticus and A. lwoffii (OD600 = 1) were added into MSM 

containing diesel. The diesel cultures were incubated for 14 days with agitation of 150 rpm on rotary shaker (Memmert, 

Germany). In the biodegradation test the parameters measured were pH, temperature, and percentage of diesel degradation. 

 

The collected samples were extracted and analyzed to check the total petroleum hydrocarbon degradation by gas 

chromatography. About 5 mL of sample from the biodegradation of diesel reactor was extracted twice with 20 mL of n – 

hexane (Fulltime, USA) as a solvent using separating funnels (Pyrex, Germany). The steps was conducted to remove cellular 

material [2]. After that, the diesel residues were transferred into vial and incubated in Waterbath (Memmert, Germany) with 

55oC for 3 days to remove n – hexane. 

 

C. Gas Chromatography Mass Spectrometry Analysis 
 

The diesel residues were analyzed by GCMS QP2010S (Shimadzu, Japan). A capillary column AB MS (30 m × 0.25 mm 

× 0.25 µm) was used to separate hydrocarbons. About 0.8 µL of sample was injected into GCMS. Helium was used as the 

carrier gas. The injector and detector temperatures were maintained at 310oC. The oven was programmed at an initial 

temperature of 50oC and this was held for 5 min.  
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Then ramped at 5oC/min to 300oC and held for 15 min. The electron impact ionization was tuned at 70 eV. The 

degradation rate of diesel oil was determined according to the following equation: 

%100



Ac

AsAc
Rd  

where Rd, Ac and As are the degradation rate of diesel oil, the amount of diesel oil remaining in the control culture, and the 

amount of diesel oil remaining in the sample culture [14]. 

 

III. RESULTS AND DISCUSSIONS 
 

Biodegradation of diesel was conducted by inoculating bacterial consortium between V. alginolyticus and A. lwoffii into 

MSM contaminated with 10% (v/v) of diesel. The bacteria colony were measured about 1,6 x 107 CFU/mL after 14 days of 

incubation. Palanisamy et al. [2] reported that the availability of diesel can be used by microorganism as carbon source and 

energy. Generally, the entire carbon source is assimilated by the bacterium for growth and reproduction. For bacterial growth 

diesel acts as a carbon source but at certain concentrations, diesel can be toxic to microorganism due to the solvent effect 

of diesel which destroys cell membrane [5]. The excessive inoculum addition of bacterial colonies was not allowed  due to 

the incubation period was short without nutrient addition in medium. Similar with Bhasheer et al. [5] reported that the 

bacteria colonies of Acinetobacter sp and Vibrio sp. on diesel degradation for 21 days of incubation period were not high 

without nutrient addition in medium. 

 

Measured pH on diesel biodegradation was between 6.4 – 7. According to Ibrahim [9] the maximum of biodegradation 

process was achieved when the pH was neutral. In other studies showed that optimum pH for growth of A. lwoffii was 6.5 

[12] while V. Alginolyticus was 7.5 [11]. According to Whang et al. [15] microbial growth and diesel biodegradation was found 

at pH 7.2, while decreasing or increasing the pH reduced the degradation efficiency considerably. Sathishkumar et al. [16] 

also reported that the optimum pH for the degradation of crude oil  was found at pH 7. Hence, the optimization of pH is 

very important for the enhanced growth of bacteria and also for selection of effective bioremediation strategy [2]. 

 

Maintenance of temperature was as important as pH which strongly affects bacterial growth. It greatly affects all the 

metabolic processes of bacteria [9]. The temperature were measured between 28.9 – 29.9oC. According to Palanisamy et al. 

[2] the degradation efficiency decreased greatly with the increasing of temperature. Deng et al. [17] also reported that the 

decreasing in temperature could lower the degradation because it can lower the fluidity of its cell membrane, and further 

restrain its exchange between intracellular and extracellular masses. The gas chromatography analysis of diesel degradation 

showed in Fig. 1. 

 

 
(a) 
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(b) 

Fig. 1 a) GC-MS for control diesel and b) GC-MS for diesel after biodegradation by V. alginolyticus and A. lwoffii 

 

Based on Fig. 1, it was showed that the biodegradation of diesel with bacterial consortium between V. alginolyticus and A. 

lwoffii achived to 12.06%. That was indicated that the consortium between V. alginolyticus and A. lwoffii had been not 

synergistically because the efficiency of diesel degradation was not  high. It was predicted that both of bacteria have different 

capabilities on diesel degradation. Moreover, the different of optimum conditions also affect on diesel degradation processes 

such as avaibility of nutrient, pH, temperature, and salinity. The optimum pH of A. lwoffii was 6.5 [12], while V. alginolyticus 

was 7.5 [11]. The pH measurement results in the biodegradation test ranged from 6.4 to 7, which was the optimum pH of 

A. lwoffii. However, Abdel-El-Haleem [18] reported that A. lwoffii tends to low grow in high salinity medium, whereas V. 

alginolyticus was a halophilic bacteria [19]. Yuan et al. [20] also reported that the optimum salinity of A. lwoffii was 5 ‰. In 

general, A. lwoffii was isolated bacteria from diesel contaminated soil, while V. alginolyticus was isolated from sea water. 

Optimum conditions that can not be achieved where it can lead to inhibition on production of enzymes used to degrade 

diesel [3]. 

 

Furthermore, the optimum conditions of bacterial growth also affect on biosurfactant production process. Biosurfactants 

were used by bacteria to emulsify diesel to be degraded by bacteria. If the amount of biosurfactant produced was not capable 

of emulsifying diesel, then the solar degradation process was not occured. It was estimated that bacterial consortium between 

V. alginolyticus and A. lwoffii had been not synergistically on diesel degradation process. 

 

According to Fig 1 also showed that consortium of bacteria between V. alginolyticus and A. lwoffii tend to degrade n-alkane 

compounds. Sathishkumar et al. [16] reported that diesel degrading bacteria are more likely to degrade C6 - C15 of alkane 

compounds then followed by C16 - C36. While the cyclic aromatic compounds have a greater molecular weight that tends not 

to be degraded by microorganisms because it was more complex. 

 

IV. CONCLUSION 
 

The present study focused on the degradation of diesel oil by bacterial consortium between Vibrio alginolyticus and 

Acinetobacter lwoffii that isolated from diesel contaminated seawater and soil. The success of diesel biodegradation depends on  

ability to optimize various physical, chemical, and biological conditions in the contaminated environment. Here, this study 

showed that the consortium of bacteria between Vibrio alginolyticus and Acinetobacter lwoffii were able to degrade diesel oil up 

to 12.06% in MSM medium with initial diesel concentration of 10% (v/v) without any nutrient addition in degradation 

processes. 
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