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Abstract 

Biosurfactants have several advantages as compared with chemically synthetic surfactants 
such as biodegradability, lower toxicity, environmental-friendly and have selective and 
specific activity under extreme temperature, pH and salinity. Eventually, biosurfactants 
became the 1 st choice in the food, pharmaceutical and cosmetic industrial. Apart from that, 
biosurfactants are also being used to enhance biodegradation activity in the polluted area. 
The main goal of this project is to identify strains of bacteria that are capable to degrade 
heterocyclic hydrocarbon while producing biosurfactant. Apart from that, the effect of 
additional surfactant on the biodegradation of carbazole by Thalassospira Profundimaris, 
strain M02 was also studied. The biodegradation rate of carbazole was measured by using 
spectrometer. Isolated marine bacterias and soil bacterias were cultured using heterocyclic 
hydrocarbon as sole carbon source. Marine bacteria which were capable to degrade 
heterocyclic hydrocarbon were further tested for biosurfactant production ability. In the 
biosurfactant evaluation, a simple and rapid, drop-collapse test was utilized. From the 
result, no biosurfactant was confmned from cell suspension. The addition of Tween 20 at 
different concentration, 0.03% and 0.06% showed enhanced biodegradation rate of 
carbazole by strain M02 by 140% and 233.6% respectively. 

Key word: Biosurfactants, heterocyclic hydrocarbon, marine bacteria, drop-collapsed test, 
Tween 20, carbazole, spectrometer. 

BiosuifactanlS mempunyai beberapa kelebihan berbanding dengan suifactants kimia 
sintetik dari segi biodegradability, ketoksikan yang lebih rendah, mesra alam dan 
mempunyai akliviti tertentu dan terpilih pada suhu yang melampau, pH dan kemasinan. 
Dengan itu, biosuifactants menjadi pilihan utama dalam industri makanan, industri 
farmaseutilcal dan industri kosmetilc. Selain itu, biosuifactants juga telah digunakan untuk 
meningkatkan kadar aktiviti biodigrasi di kawasan tercemar. Matlamat mama projek ini 
ada/ah untuk mengenalpasti strain bakteria yang mampu menggunakan hidrolcarbon 
heterocyclic dan menghasilkan biosuifactanl. Selain itu, kesan penambahan suifactanl 
da/am biodigrasi carbazole oleh Thalassospira Projundimaris, strain M02 juga dikaji. 
Kadar biodigrasi carbazole diukur dengan menggunakan spectrometer. Bacterias marin 
yang terpeneil dan bacterias tanah telah dikultur dengan menggunakan hidrolcarbon 
heterocycliC sebagai sumber karbon. Marin bakteria yang mampu menggunakan 
hidrokarbon heterocyclic akan diuji keupayaan untuk menghasilkan biosuifactanl. Dalam 
penilaian biosuifactanl, cara yang mudah dan cepat, drop-collapsed test telah digunakan. 
Hasil kajian mendapati tiada biosuifactanl telah dikesan daripada sel kultur. 
Penambahan Tween 20 pada kepekatan yang berbeza, 0.03% dan 0.06% telah 
meningkatkan kadar biodigrasi carbazole oleh strain M02 140% dan 233.6% masing
masing. 

Kata kunei: BiosuifactanlS, hidrolcarbon heterocycliC, Marin bakteria, drop-collapsed test, 
Tween 20, carbazole, spectrometer. 
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1.0 Introduction 

1.1 Introduction 

Surfactants are a molecule with amphipathic properties, presence of hydrophilic and 

hydrophobic group within the molecule. They are surface-active which can reduce the 

surface tension of aqueous media (air-water), interfacial tension between liquid (oil-water) 

and between liquid- solid (wetting phenomenon). Apart from that, surfactants can interrupt 

the foaming properties of aqueous mixtures. Due to these special properties, surfactants 

have a wide application in variety of industrial sectors. For example, bioremediation of oil

polluted water or air, oil recovery, detergent production and food processing industrial. 

Therefore, the demand for the surfactant can be observed through worldwide consumption. 

In 1990, the market value of surfactants reached US$ 39 billion and is increased by 35% 

by 2000. However, most of the surfactants used are produced chemically which are party 

toxic and not readily biodegradable. Thus, production of biosurfactants from 

microorganism raises the interest among the researcher (Sineriz, Hommel & Kleber, n.d.). 

As general, biosurfactants have great advantages as compared with chemically 

synthesized surfactants. These advantages include high biodegradability, lower toxicity, 

and environmental-friendly and can be produced from cheaper substrate (Nitschke et 01., 

1994). Apart from that, at extreme temperatures, pH and salinity, biosurfactants have 

selective and specific activities (Chandran & Das, 2010). Therefore, biosurfactants are the 

1st choice and have a great potential market in food, pharmaceutical and cosmetic industrial 

(Desai & Banat, 1997). 

The production of biosurfactants has raised the interest in the biotechnology 

industrial due to its potential market value. Many researches had been done on the species 

of microorganism that capable to synthesize biosurfactants as 2nd metabolite. Commonly, a 
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variety species of microorganism which comprised of bacteria, fungi and yeasts are 

capable to produced biosurfactants with a great diversity in the chemical composition and 

nature. In recent studies, many microorganisms had been isolated from contaminated site 

such as soils, effluents and waste water sources which have a ability to produced 

biosurfactants for industrial utilization. Thus, these species of microorganism have the 

ability to grow in hazardous toxic environment which not for other non-producing 

microorganism (Saharan, Sahu & Sharma, 201 I). 

In 2 I st century, with the expansion of various industries, the amounts of pollutants 

discharged to aquatic environment had been rising and increasing public concern about 

impact on the ecosystem. Some pollutants like oil spills, seeps from tankers and drilling 

rigs offshore can cause major long-term threats to the aquatic biota (Baker, 1991). 

The aquatic pollutants can be divided into several categories like sewage, pesticides, 

polychlorinated biphenyl, heavy metals, pulp and polycyclic aromatic hydrocarbons 

(PAHS). These pollutants can cause diverse effect on the fate of aquatic biota. They can 

enter the aquatic organism through mouth, intergument or gills. For PAHs, it can be 

hydrolyzed into a carcinogen, benzo(a)pyrene. The pollutants might be accumulate inside 

the lipids, despite that, hydrocarbon can be accumulate in the muscle and ultimately cause 

tainting in fish (Baker, 1991). The aquatic sources that had been contaminated by 

heterocyclic hydrocarbon cannot be consumed by public anymore. Despite the food 

sources of human being affected, the biodiversity also will . be affected. Thus, a novel 

solution can be induced to biodegrade these hazardous hydrocarbon into a useful products 

like biosurfactants. 

Traditionally, the production of biosurfactants is generally more expensive if 

compared with synthesized surfactants. Therefore, the solution for overcoming the high 
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cost production and producing economically should be developing. Theoretically, there are 

two basic strategies could be applied. Firstly, the used of waste substrates which are 

inexpensive for the formulation of fermentation media. This strategic initially can lower 

down the cost of production by lowering the cost of raw materials in the overall bioprocess. 

Besides, the optimization and development of efficient bioprocess which including culture 

condition (temperature, pH, salinity and substrate concentration) and recovery process can 

maximize the biosurfactants production and recovery (Saharan , Sahu & Sharma, 2011). 

The Objectives are: 

1) To determine the production of biosurfactant from heterocyclic hydrocarbon 

degrading marine bacteria 

2) To determine effects of additional surfactant on the degradation of carbazole using 

marine bacteria. 
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2.0 LITERATURE REVIEW 


2.1 Surfactant 

Surfactants are made up of hydrophilic head and hydrophobic tail which can be defined as 

amphiphilic molecules. As general, surfactants are used in making soap and detergent as to 

separate oil materials from other media. This is done by their ability to concentrate at the 

air-water interface. Surfactants can be classifying as ionic or non-ionic based on their 

chemical structure. In the industrial, surfactants are classified as anionic, cationic and 

zwitterionic based on the charge they carry on. As theoretical, by decrease the surface 

tension, surfactant cans boots up the solubility of non-aqueous phase liquid (NAPLs). In 

the process, the monomers start to aggregate to form a structure which known as micelles 

when the interfacial tension decreased and the aqueous surfactant concentration increased. 

Thus, the critical micelle concentration (CMC) is the concentration at which the micelles 

starting to form. At this point, the surfactant Ist lowest surface tension is achieved. 

Occasionally, surfactants and emulsifiers have a great potential market in agriculture, food, 

cosmetic and pharmaceutical industrial. 

Nowadays, the market industries of surfactants are dominated by alkyl benzene 

sulfonates, alcohol ethoxylates, sulfates and ethersulfates (Karsa et 01., 1999). These are 

the major components in laundry detergents, household and personal care products. Apart 

from that, these surfactants also account for 50% of surfactants that used in the market 

globally. In pharmaceutical industry, surfactants can be used as enhancers for percutaneous 

absorption, flocculating agents, mouth washes, respiratory distress therapy, suppository 

bases, suspension aerosols, water based aerosols, contact lens cleansing, hard gelatin 

capsules, emulsifying agents, cerumen removing solutions and transdermal penetration of 

drugs (Muthuprasanna et aI., 2009). There are 2 types of surfactants, chemical synthesized 
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surfactants and biosurfactants which synthesized by microorganism (Urum & Pekdemir, 

2003). 

2.2 Biosurfactant 

Biosurfactant are the extracellular compounds that synthesized by microorganism which 

can be found on the cell surface of microorganism. Thus, the microorganism itself can be 

known as biosurfactant and adhere to hydrocarbon. These biosurfactant-producing 

microorganism capable of degrading poorly soluble hydrocarbon such as heterocyclic 

hydrocarbon and polycyclic aromatic hydrocarbon and convert it to nove~ metabolites such 

as biosurfactant. Therefore, the used of biosurfactant is a promising mean for the 

biodegradation of hydrocarbon pollution such as oil poHution (Maneerat & Phetrong, 

2007). There is a variety of microorganism that capable to synthesized biosurfactants. 

Table 2.1 below showed the list of biosurfactant producing microorganisms (Saharan & 

Sahu & Sharma, 2011). 

Table 1.1: List ofbiosufadaut producing microorganism. 

No. Biosurfactant 

1. Cellobiose lipids 

2. Serrawettin 

3. Polyollipids 

4. Trehalose lipids 

5. Ornithine lipid 

Microoragnism(s) 

Ustilago maydis 

Serratia marcescens 

Rlwdotorula glutinis, R. 

graminis 

Rlwdococcus erythropolis, 

Arthrobacter sp., Nocardia 

erythropolis, 

Corynebacterium sp., 

Mtcobacterium sp. 

Pseudomonas sp., 

Thiobacillus 

thiooxidans,Agrobacterium 

sp. 


Current ecOilomic 
importance 
Antifungal 
Coumpunds 
Emulsification of 
hydrocarbons 
Anti-proliferative 
activity 
Dissolution of 
hydrocarbons 

Bio-emulsifiers 
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6. 	 Viscosin Pseudomonas jluorescens, Surface active 
Leuconostoc mesenleriods Iipopeptides 

7. 	 Rhamnolipids Pseudomonas aeruginosa, Bioremediation, 
Pseudomonas Antimicrobial and 
chlororaphis, Serratia biocontrol 
rubidea properties 

8. 	 Carbohydrate-lipid P. jluorescens, Bio-emulsifiers 
Debaryomyces polmorphus 

9. Protein PA 	 P. aeruginosa Bio-emulsifiers 
to. 	 Diglycosyl Lactobacillusformentum Bio-remediation 

_diglycerides 
In comparison with the chemically synthesized surfactants, biosurfactants have 

several advantages. In fact, the advantages of choosing biosurfactant as compared with 

chemically synthesized surfactant shown in table 2.2 (Kosaric, 1992): 

Table 2.2: Advaatages of Biosurfadaats 

Biodegradability 	 The published data had showed that biosurfactant is easier 
biodegraded as compared with synthetic equivalents. One of 
the example is biosurfactant produced by non-pathogenic 
yeast Candido bombicola. sophorolipids that had undergo 
biodegradability test according to OECD Guideline for 
Testing of Chemicals (30lC Modified MlTI Test). The result 
showed that, after the cultivation, the biosurfactant starting 
biodegradation. Furthermore, after 8 days of cultivation, the 
biodegradability of sophorolipids had reached the level of 
61 % by mean in a form of BODffOD (Biochemical Oxygen 
Demand to Total Oxygen Demand ratio). On the other hand, 
the synthetic surfactant had showed no biodegradability sign 
after 8 days (Hirata et ai, 2009) 

Low toxicity 	 As general, the biosurfactants had been considered as low or 
non-toxic. The published research had shown that 
biosurfactants pose a lower haemolytic activity to human 
erythrocyte as compared with synthetic surfactants. Apart 
from that, biosurfactants have no detrimental effect to heart., 
kidney, lung, liver and interfere in blood coagulation in 
normal clotting time (Chomiezewska & Medrzeka & 
Karpenko, n.d.). The low toxicity of biosurfactants make it a 
suitable choice for used in phannaceutical application and 
products. 
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Biocompatability & 
disgestibility as can used 
in comestics, 
pharmaceuticals and food 
additives. 

Raw materials can be 
obtained easily and 
cheaper in large 
quantities. Most of the 
substrate used by 
microorganism to produce 
biosurfactant is 
hydrocarbon, 
carbohydrates and lipids. 

Can be producing in large 
quantities and 
economically. 

Useful in environmental 
control (handling 
industrial emulsions, oil 
spills control, 
biodegradation of 
industries' wastes. 

Most of the biosurfactants produced industrially had been 
applied used as antibiotics, ingredient in cosmetics' products 
and pharmaceutical application. 

Nowadays, most of the substrate used for biosurfactants 
production are using co- and by-products of different 
technologies as a carbon source for microorganism (molasses, 
glycerol, whey, frying oil, animal fat, soap-stock, and starch
rich wastes) (Maneerat, 2005; Makkar & Cameotra, 2002). 

Easy to produced in large quantity industrially as using 
bioreactor by controlling the parameters such as pH, 
temperature, substrate concentration and metal ion 
concentration. 
The low toxicity, good biodegradability and physiochemical 
properties of biosurfactants had made it the first choice in 
environmental protection application like water and soil 
remediation, oil spills removal and etc. In the washing 
process, the crude nad model oils from sand columns or 
contaminated ground had removed by the biosurfactants. 
Biosurfactants showed a higher efficiency in removing crude 
oil as compared to those synthetic surfactant like synthetic 
Tween 60 (Kuyukina et al., 2005) and natural plant surfactant, 
saponin (Urum et aI., 2006). 

Biosurfactants have a great potential in wide variety of commercial application and 

industrial process such as bioremediation of oil-polluted water and soil, oil recovery 

enhancement, cleaning of oil-contaminated pipes (in replacement of chlorinated solvents), 

detergent industry, food, biotechnological, pharmaceutical and cosmetic industries. 

Generally, biosurfactants have lower toxicity and are biodegradable. Thus, it's are the 1st 

choice in most of the industrial especially pharmaceutical and cosmetic industries. In the 

bioremedical and biotechnological field, the application of biosurfactants instead of 

synthetic surfactants can be substantial beneficial. This is because biosurfactants are lower 
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toxicity, high biodegradable and possibility of in situ production. In a research done by 

Hua et 01., they have investigated the effect of biodegradation of petroleum compounds by 

using biosurfactants. The addition of biosurfactants produced by Candida Antarctica T -34 

can boots up the speed of biodegradation rate of some n-alkanes, a mixtures of n-alkanes 

and kerosene. These reported that, biosurfactants could replace the synthetic surfactants in 

this field. In the food industrial, the emulsifiers that currently being used in the food 

industries worldwide are lecithin and its derivatives, fatty acid esters containing glycerol, 

sorbitan, or ethylene glycol and ethyoylated derivatives of monoglycerides. For instant, 

salad dressing can be done by using bioemulsifier produced from Candida uJilis. In the 

cosmetic industries, the skin moisturizer products that contain 1 mol of sophorolipid and 

12 mol of propylene glycol have excellent skin compatibility. Kao Co. Ltd has using the 

sophorolipid that being produced as humectants in cosmetic. Despite these, biosurfactants 

are believed to have other commercial application in pulp and paper industry, textiles, 

ceramics and uranium ore processing. All ofthese are still in the study stage (Amaral et 01., 

n.d.). 

2.3 Diosurfadant evaluation 

There are various methods for the screening of biosurfactant producing microorganism. 

These include surface/interfacial activity, direct surface/interfacial tension measurements, 

Du-Nouy-Ring method, Stalagmometric method, Pendant drop shape technique, 

axisymmetric drop shape analysis by profile, measurements based on surfacelinterfacial 

tension, drop collapse assay, microplate assay, penetration assay, oil spreading assay, 

emulsification capacity assay, solubilization of crystalline anthracene, cell surface 

hydrophobicity, bacterial adhesion to hydrocarbon assay (BATH), hydrophobic interaction 

chromatography (HIC), replica plate assay, salt aggregation assay, specialities, CTAB agar 

plate and hemolysis. In this FYP, drop coUapse assay will be chosen because it is easy to 
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perform, rapid, no specialized equipment required, small samples are needed and can be 

performed in microplates (Walter et ai., n.d.). 

2.4 Heterocyclic hydrocarbon 

In 21 st century, pollution is one of the main issues discussed intensively by people around 

the world. Recently, global pollution of soil, rivers, lakes and oceans by various chemical 

compounds had been reported. In this project, heterocyclic hydrocarbon is being studied as 

a substrate for growth of marine bacteria. As mentioned by Ouchiyama et aI., (1998), the 

increment of soil pollution by heterocyclic hydrocarbon had been noticed. Thus, scientist 

has study the microbial degradation of these harmful pollutants as for bioremediation as 

microbial degradation are environmental friendly whjch do not produced harmful 

metabolites. One of the heterocyclic hydrocarbons is carbozole which can be found easily 

in creosote, crude soil and shale soil. Besides that, carbozole can be found in many 

petroleum samples as known as compound containing abundant of nitrogen. So, 

heterocyclic hydrocarbon like dibenzofurate, carbozole and diphenyl are the best samples 

used as model for investigation of remediation strategies. The enzyme that used to 

breakdown these heterocyclic hydrocarbons also can be used in many other Polycyclic 

Aromatic Hydrocarbon (PAH) (Yang et ai., 2009). 

In another studied by Geiselbrecht et aI., (1998), the heterocyclic hydrocarbon or 

polycyclic aromatic hydrocarbon mostly found in the marine environment as resulted from 

human activities such as industrial process or natural events like forest fires and petroleum 

seeps. The hydrocarbon pollution caused by petroleum is the major pollutants in the marine 

environment as a result of accidental spillage of fuels, shipping activities, offshore oil 

produotion and etc. These PAHs are generally toxic and carcinogenic to marine organisms 

and can affect health of public through seafood consumption (Geiselbrecht et ai., 1998). In 
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natural environment, natural process such as evaporation and photo-oxidation plays an 

imperative role in oil detoxification and bioremediation by marine microorganism. 

Unfortunately, factors like temperatures, limitation of nitrogen and phosphorus and etc can 

limit the natural bioremediation process by marine microorganism. The bioremediation of 

heterocyclic hydrocarbon in the marine environment through emulsification of 

hydrocarbon fIrSt by biosurfactant produced by marine microorganism is the essential steps 

in hydrocarbon biodegradation (Yakimov el a/., 1998). In 1972, the first marine 

biosurfactant had been identified and exploited commerciaUy now which known as 

Emulsan (Gutnik el aI., 1981). The emulsifier is produced by Acinelobacler ca/coacelicus 

RAG-I, one ofthe marine isolate. 

2.5 Marine Bacteria 

Seventy percent of earth surface is made up of hydrosphere marine environment. The 

hydrosphere oceanic system is attributed by maximum depth of>11,000 m and 365 million 

km2
• The ocean harboring diverse group of flora and fauna. The marine microorganism can 

developed a unique metabolic and physiological to live in extreme habitats. The 2nd or 

novel metabolites produced by marine microorganism often are not being found in 

microbes of terrestrial origin. The marine microorganism produced a magnificent 

opportunity to discover new compounds such as enzymes, vitamins, drugs, biosurfactant, 

bioemulsifier, and other valuable compounds of commercial importance. Among these 

compounds, biosurfactant and bioemulsifier are considers as great important due to 

industrial aspect, economy aspect and environmental aspect. The biosurfactant or 

bioemulsifier produced by marine microorganism generally are less toxic and 

biodegradable. This means that they do not accumulate in the natural environment and do 

not cause harmful effect to other organism (Saptute, 2010). 
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3.0 MATERIAL AND METHOD 

3.1 Source of Bacteria 

Nine isolated microorganism that had been identified and used in the previous research at 

Molecular Genetic Laboratory, FRST, UNIMAS. The list of bacteria are shown in Table 

3.1 below: 

Table 3.1: List of bacteria, strain and substrate 

Bacteria Strain Snbstrate 
ThaJassospira xiamenensis MTOI Biphenyl 
Pseudomonas pachastrellae M03 Dibenzofuran 
ThaJassospira profondimaris M02 Carbazole 
Thalassospira profondimaris MOl Biphenyl 
Chromoha/obacler SEMOI Biphenyl 
morlsmortui 
ThaJassospira xiamenensis PSOI Biphenyl 
Bacillus amyloliquefaciens BA Biphenyl/Carbazole 
Bacillus Iicheniformis BL BiphenyVCarbazole 
Klebsiella pneumoniae KP BiphenyVCarbazole 

3.2 Growth of isolated bacteria using heterocyclic hydrocarbon as substrate 

Nine isolated microorganism that had been identified and used in the previous research 

was cultured on marine agar plate and nutrient agar plate. After that, 1 loopful of each 

sample was inoculated into 100 mL of artificial seawater medium ONR7a (Dyksterhouse el 

al., 1995) or minimum salt medium supplemented with 0.1 % (w/v) heterocyclic 

hydrocarbons. After that, it was culture at room temperature on a rotary shaker at 150 rpm. 

According to Dyksterhouse et al., (1995), the liquid ONR7a media was prepared by mixing 

several chemical compounds as shown in table 3.2 below: 

12 




Table 3.2: Composition ofliquid ONR7a media 

Materials Concentration (gIL) 
NaCI 22.79 
MgCl. 6H20 11.18 
NlbS04 3.98 
TAPSO 1.3 
eaCh 1.102 
KCI 0.72 
~CI 0.27 
NaBr 0.083 
NlbHP04 0.04715 
NaHPO] 0.031 
Hd)03 0.027 
SrCh.6H20 0.0024 
FeS04.7H20 0.002 

While for the minimum salt medium, it was prepared by mixing the ingredients 

(Table 3.3): 

Table 3.3: Composition of Minimum Salt Medium 

Material Concentration (gIL) 
K2HP04 1 
ZnS04.7H20 0.01 
CuS04. 5H20 0.005 
MgS04.7H20 0.0005 
FeS0 4. 7H20 0.01 
KCl 0.5 
NaN~ 3 

After that, the minimum salt medium was adjusted to pH 7 for optimum growth ofBA, BL 

and KP. The culture of BA, BL and KP are same as method for marine bacteria. For 

marine bacteria which consist of MT 01, M 03, M 02, MOl, SEM 01 and PS 01 were 

growth in ONR7a with pH of7.8. 
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3.3 Confirmation of heterocyclic hydrocarbon degradation by bacterial strains 

The bacteria strains that can change the color of broth medium to yellow were chosen as 

positive strains (Maeda et al., 2009). 

3.4 Biosurfactant activity screening 

The heterocyclic hydrocarbon-utilizing marine bacteria strains were tested for 

biosurfactant production ability. Drop-collapse test was chosen for the rapid determination 

of surface tension reduction. By following the protocol of Bodour and Manier (1998), the 

quantitative drop collapse test was performed. First, the 96 well microtitre plate was added 

with 2 f.11 ofoil. After that, the plate was equilibrated for 1 hour at 37 °C and 5 f.11 of culture 

suspension was added to the surface. After 1 min, the shape of drop on the surface had 

been observed. If the oit drop collapsed phenomenon being observed, then positive result 

will be indicated. The control was done by using distilled water. Alternatively, by using a 

small beaker and utilizing the oil-collapse test method, a serial of biosurfactant 

determination were carried out with larger volume of sample. 

3.5 Effects of additional surfactant on carbazole degradation 

In addition, M02 was used for determine the optimization condition (concentration of 

Tween 20) for biodegradation of carbazole. M02 was culture in 100 ml of ONR7a and 

supplemented with 2ml of carbazole. After that, Tween 20 was added according to 

percentage to determine the most optimized concentration of Tween 20 for biodegradation 

of carbazole. In this project, 3 percentage was used which are ()o1o, 0.03% and 0.06%. The 

degradation rate was measured every 12 hour by using spectrometer in the Molecular 

Genetic Lab, Unimas. The wavelength of the spectrometer was set at 434 om for optical 

density measurement. Before the optical density measurement, the cultures were first 
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undergoing centrifugation to spin down the insoluble carbazole. Then, the measurement 

was taken in the darker place and the data was recorded. 
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4.0 RESULTS 

4.1 Detection of heterocyclic hydrocarbon utilizing bacteria 

The bacteria were culture in the MSM and ONR7a broth medium supplement with 0.1 % 

of hydrocarbon on a rotary at room temperature. After a few days, the strain of marine 

bacteria and soil bacteria which are able to degrade heterocyclic hydrocarbon were 

detennined by observing the color change of the culture medium from cloudy to yellowish. 

Figure 4.1 and figure 4.2 showed the color change of the culture broth. 
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Figure 4.1: The color of the broth before culture based on strain of bacteria and substrate used 

(A) MOl (b) PSOI (c) M03 (d) MTOI (e) SEMOI (f) M02 (g) BA (Carbazole) (h) BL (Biphenyl) 
(i) BA (Biphenyl) G> KP (Carbazole) (k) KP (Biphenyl) (I) BL (Carbazole) 
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