VIABILITY TESTS OF HYDROCARBONOCLASTIC BACTERIAL CONSORTIUM DRIED CULTURE ON SAWDUST
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ABSTRACT

Oil spills in the sea can be prevented in various ways, one of which uses immobilization technique. The potential of hydrocarbonoclastic bacteria immobilization is still not widely used, especially in the long-term storage. The purpose of this study was to test the viability of hydrocarbonoclastic bacteria consortium dried culture on sawdust after 0, 7 and 41 days of storage. The bacterial consortium used consisted of Bacillus aquimaris, Bacillus megaterium, Bacillus pumilus, Halobacillus trueperi and Rhodobacteraceae bacterium. The samples were tested by culturing dried culture of 0, 7 and 41 days on falcon tubes containing crude oil and sea water. The viability of dried culture was tested for 28 days (day 0, 7, 14, 21 and 28) by counting the number of bacterial populations periodically. The viability test is also supported by the measurement of environmental parameters at the beginning and at the end of the culture consisting of DO, pH, salinity and temperature. The results showed that each of the dried culture had viability on sawdust which was indicated by the high number of bacterial populations on the 28th day. The most viable of dried culture is indicated by the highest average of day-0 storage amount of 9.59 x 108 cfu/ml where an increasing phase is occurred at the end of the culture. This indicates that the bacteria are still productive and able to properly utilize petroleum hydrocarbons.
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ABSTRAK

PUTERI, DEVIA HARTONO. Uji Viabilitas Sediaan Kering Konsorsium Bakteri Hidrokarbonoklastik pada Carrier Serbuk Kayu. Program Studi Ilmu Kelautan Fakultas Ilmu Kelautan dan Perikanan Universitas Maritim Raja Ali Haji. Pembimbing oleh Agung Dhamar Syakti dan Aditya Hikmat Nugraha.
Penanggulangan tumpahan minyak di laut dapat dilakukan dengan berbagai cara, salah satunya menggunakan teknik imobilisasi bakteri. Potensi penggunaan imobilisasi bakteri hidrokarbonoklastik masih belum banyak dimanfaatkan, khususnya pada parameter masa penyimpanan. Tujuan penelitian ini adalah menguji viabilitas sediaan kering konsorsium bakteri hidrokarbonoklastik pada carrier serbuk kayu setelah 0, 7 dan 41 hari penyimpanan. Konsorsium bakteri yang digunakan terdiri dari Bacillus aquimaris, Bacillus megaterium, Bacillus pumilus, Halobacillus trueperi dan Rhodobacteraceae bacterium. Pengujian sampel dilakukan dengan membiakkan sediaan kering usia 0, 7 dan 41 hari pada falcon tube berisi crude oil dan air laut. Viabilitas sediaan kering diuji selama 28 hari (hari ke-0,7,14, 21 dan 28) dengan menghitung jumlah populasi bakteri secara berkala. Uji viabilitas juga didukung oleh pengukuran parameter lingkungan pada awal dan akhir masa pembiakan yang terdiri dari DO, pH, salinitas dan suhu. Hasil penelitian menunjukkan bahwa masing-masing sediaan kering memiliki viabilitas pada carrier serbuk kayu yang ditandai dari tingginya jumlah populasi bakteri pada hari ke-28. Performa sediaan kering yang paling baik ditunjukkan oleh usia ke-0 hari (fresh) dengan jumlah rata-rata 9.59 x 108 cfu/ml dimana masih terjadinya fase peningkatan pada akhir pembiakan. Hal tersebut menandakan bahwa bakteri masih produktif dan mampu memanfaatkan hidrokarbon minyak bumi dengan baik.
Kata kunci: Bioremediasi, Imobilisasi Bakteri, Tumpahan Minyak.
1. Introduction 
The International Tanker Owners Pollution Federation (ITOPF) noted that 164.000 tons of petroleum hydrocarbons entering the world's ocean waters due to the case of oil spills that occurred in 2010-2019 (ITOPF 2020). Indonesian waters, which are included in international shipping lanes, are one of the waters affected by the oil spill in the sea (Andilas and Yanggana 2017). Oil spills that occur every year give a negative impact and a decrease in the utility value of coastal natural resources and huge losses to various marine economic activities, especially in the marine tourism sector (Mujahidawati 2018).
The oil spill has caused an ecological disaster due to its toxicity which give a negative impact on the sustainability of marine life (Thamer et al. 2013). Fakhrudin (2004) reported that the short-term impact of oil pollution is the harm of cell membranes of marine biota which effects in the release of cell fluid and the absorption of these materials into cells causing death, while the long-term impact of oil pollution is disruption of the food chain at the sea. The crude oil layer on the surface of the water blocks the exchange of gases from the atmosphere and reduces the solubility of oxygen in the water, thus it interferes with the process of respiration and photosynthesis in phytoplankton, which is a food producer in the sea. In addition, oil which is adsorbed and eaten by marine life will accumulate in protein compounds. This accumulated trait can be transferred from one organism to another through the food chain.
The technology for handling petroleum contamination can be done by physically, chemically and biologically (Munawar et al. 2007). Physically handling oil pollution in the sea can be done using an oil skimmer, whereas chemically is done by using chemicals that are dispersing agents or in the form of oil solvents, but the prevention physically are only able to take oil on the surface, while the oil that is distributed in the column water is difficult to decontaminate using this method. Chemical countermeasures, although easier and faster, can cause toxic effects on marine biota (Chapman et al. 2007).
One way that is considered promising in tackling oil spills in waters is by using bioremediation techniques. The bioremediation technique has two approaches, such as biostimulation and bioaugmentation. The biostimulation technique is done by adding nutrients, such as carbon, nitrogen, phosphorus and others, to the contaminated area to support the growth of pollutant degrading bacteria that already exist in the environment. The weakness of the application of biostimulation is to ensure that the distribution of the added source of nutrients in a polluted environment is evenly distributed and can be optimally utilized by local hydrocarbonoclastic microbes (Cunningham et al. 2000). Bioaugmentation technique is the process of restoring an area such as soil, water, or beaches that utilize microorganisms such as bacteria as degrading oil. Carbon, which is the largest content in crude oil, is a source of energy for microorganisms, so that bioremediation is an alternative in efforts to restore the environment from pollution activities. One of the weaknesses in the bioaugmentation technique is that it requires a very large number of stocks of bacteria to minimize manufacturing costs (Dzionek et al. 2016). A breakthrough is needed in providing bacterial biomass, including through the manufacture of microbial consortium preparations in dry form that are practical and effective in their use (Thapa et al. 2012).
The purpose of making bacterial dried culture is to reduce the workload that must be carried out at the maintenance of bacterial liquid culture, to extend shelf life and facilitate distribution of dried culture without losing viability and performance of decomposing bacteria (Triana et al. 2006). One of the supporting factors in the production of dried culture is to extend the shelf life based on the age of dried culture. Until this time, the main obstacle to this process is the lack of research and engineering activities related to bacterial dried culture, especially the increase in viability and ability of bacteria based on age differences in degrading petroleum contamination in marine waters, so based on these problems it needs to be studied further to optimize the use of products in the future. 









2. Material and Methods 
This research was conducted from June 2020 to September 2020 at the Laboratory of Marine Biology, FIKP UMRAH, Tanjungpinang and the Laboratory of Microbiology P2O LIPI, Jakarta. The materials used in this study are presented in Tables 1 and 2 as follows:
	No.
	Materials
	Purpose

	1.
	Laminar Air Flow 
	Aseptic workplace

	2.
	Incubator 
	Storage of bacterial cultures

	3.
	Mikropipet dan tip
	To remove liquid isolate

	4.
	Vortex 
	To homogenize sample

	5.
	Autoclaf
	Sterilization of tools and materials

	6.
	Analytical scale
	Weighing sample and media composition

	7.
	Hot plate dan stirer 
	To heat and stir media

	8.
	Loop inoculation
	To activate the bacteria

	9.
	Petridish
	The container of Marine Agar

	10.
11.
12.

13.
14.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
	Vacum pump 
Refractometer
Colony counter

pH meter
Environtmental shaker
Meat grinder plate
Drigalsky
DO meter
Mortar and alu
Bacto peptone
Yeast extract
Feri fosfat
Bacto agar
5 bacterial isolate
Sawdust
White egg
Sterile filtered sea water
Arabian light crude oil
Millipore filter paper 0.45 μ (GVC)
	To filter the sea water
To measure salinity
To count the number of bacterial colonies
To measure the pH value of solvent
To shake the solvent
To make the dried culture
Culturing bacteria
To measure the dissolved oxygen
Crushing the dried culture
Mixed media for agar
Mixed media for agar
Mixed media for agar
Mixed media for agar
As the sampel
Material in dried culture
Material in dried culture
To make dilutions
Contaminants 
To filter the sea water




















In general, the research procedure is presented in Figure 2.
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Figure 2. Research flow chart
2.1 Experimental Design
The experimental design in this study was conducted using a randomized block design (RBD) which included 3 treatments with 3 replications. An overview of this experimental design is presented in Table 3.
Table 3. The variations of treatment
	No.
	Sample
	Variations

	1.
	A
	0 day storage of dried culture (fresh)

	2.
	B
	7 days storage of dried culture 

	3.
	C
	41 days storage of dried culture




2.2 Equipment Sterilization
Tools and materials that are sterilized are petri dishes, erlenmeyer, test tubes, pipettes, distilled water and all the media used. The sterilization process is carried out using an autoclave at a temperature of 121ºC with a pressure of 15 psi for 15 minutes. Equipment that can not withstand heat is sterilized using 90% alcohol and put in an oven at a temperature of 105ºC (Atlas 2010).

2.3 Activation of Bacteria
Bacterial activation was carried out by sampling the bacterial colony using innoculation loops on each bacterial strain then scratched using the fourways technique into 5 petridisc plates containing agar media, where this medium contained nutrients that could support bacterial growth. Based on the results of research by Syakti et al. (2013), there were 5 strains of bacteria that were isolated from oil-contaminated sediments in the waters of Cilacap, Central Java (Table 4).
Table 4. Types of bacteria that degrade hydrocarbons
	Number of Strain
	Strains of Bacteria

	S2
	Bacillus aquimaris

	S3
	Bacillus megaterium

	S4
	Halobacillus trueperi

	S5
	Rhodobacteraceae bacterium

	S6
	Bacillus pumilus


Source : Syakti et al. 2013

2.4 Cultivation of Bacteria
Bacterial cultivation was carried out twice. The 1st activation was done by sampling 1 loop of innoculation in each strain of rejuvenating bacteria into 5 Erlenmeyer flasks containing 22.5 ml of Marine Broth (MB) liquid media and shake by evironmental shaker. The second activation was carried out by taking 2.5 ml of liquid culture at the first cultivation and then put it in 5 Erlenmeyer flasks containing 22.5 ml of liquid media. The liquid culture was then shaken using an environmental shaker at room temperature for 24 hours.

2.5 Cultivation of Bacterial Consortium
The inoculation technique was carried out by taking 2 ml of each of the 2nd activation liquid cultures and then putting it in an Erlenmeyer flask containing 90 ml of liquid media using a micropipette and tip. The liquid isolate was then shaken using an environmental shaker at room temperature for 24 hours.

2.6 The Preparation of Dried Cultures
The step of making dried culture starts from filtering the sawdust with a size of <106 µm, then sterilizing it. Sterile wood powder is weighed using an analytical balance as much as 5 grams then mixed with egg white to form a dough so that it can be formed. After that the mixed culture liquid isolate was added as much as 0.5 ml to the mixture using a micropipette and tip aseptically. The dough is subsequently stirred and then molded using a meat grinder plate.

2.7 The Calculation of Microbial Consortium Dried Culture
Calculation of the number of bacteria is done by crushing 1 grain of dried culture using a mortar and pestle. The crushed bacterial dried culture were then put into a screw tube containing 9 ml of sterile filtered sea water and vortexed for 5 minutes. 1 ml of homogeneous bacterial dried culture were taken and then put into a new screw tube containing 9 ml of sterile filtered sea water and vortexed for 1.5 minutes. The same step is carried out until the dilution is complete.

2.8 The Treatment of Microbial Consortium Dried Culture
The treatment was carried out by inserting 4 points of dried culture consortium preparation, 2% crude oil and 25 ml of sterile filtered seawater into each labeled falcon tube. The test sample is then shaken using an environmental shaker at room temperature at a speed of 120 rpm (Al-Wasify and Hamed 2014). The period of measuring the growth rate of bacteria and environmental parameters was carried out for one month (0, 7th, 14th, 21st and 28th days). In each observation, environmental parameters were analyzed 3 times.

2.9 Environmental Parameters
Environmental parameters measured include dissolved oxygen, pH, temperature and salinity. Observations were only made on day 0 and day 28. For each observation, environmental parameters will be analyzed for 3 repetitions. The tools used are a DO meter, pH meter and the calculation of the number of bacteria using the Total Plate Count (TPC) method.

2.10 Data Analysis
The Calculation of Hydrocarbon-Degrading Bacteria
[image: ]The counting of bacteria was carried out using the TPC (Total Plate Count) method and processed according to the rules of SNI 2332.3: 2015. The data obtained after being processed using Ms Excel are tabulated in tables and graphs and discussed descriptively. The total bacterial cell is calculated by the following formula:



N	: The number of colonies, reported as CFU per mL;
Σ	: The number of colonies on all the plates counted
n1	: The number of plates at the first dilution counted;
n2	: The number of plates at the second dilution counted; 
d         : The first dilution calculated

Statistic Analysis	
This research was conducted by analyzing a randomized block design (RBD) This design is characterized by the existence of groups in the same number, where each group is subjected to treatments. The general form of the additive linear model from a randomized block design (RBD) is as follows (Adinugraha 2014):


Yij = µ + τi + βj + εij

i	= 1, 2, … , t and j = 1, 2, … , r
Yij	= The observations on treatment-i and group j
μ	= General average
τi	= The effect of treatment-i
βj	= The effect of treatment-j
εij	= Random effect on treatment i and group j

3. Results and Discussion
3.1 Bacterial Morphology
Bacterial activation is aim to get active bacteria, because a bacteria that was previously in the refrigerator is in an inactive condition. The inactive bacteria condition becomes less than optimal when used in the degradation test (Pratama 2013). The visual morphological characteristics of bacteria are presented in Table 5.
	Treatments
	Number of Strain

	
	S2
	S3
	S4
	S5
	S6

	



A
	Small
	Small
	Medium
	Small
Medium
	Small
Medium

	
	Round
	Round
	Round
	Round
	Round

	
	Flat
	Raised
	Convex
	Convex
	Raised

	
	White
	White
	Milky
	Milky
	Milky

	
	Entire
	Entire
	Entire
	Entire
	Entire

	
	Shiny
	Shiny
	Shiny
	Shiny
	Shiny

	



B
	Small
	Small
	Medium
	Medium
	Small
Medium

	
	Round
	Round
	Round
	Round
	Round

	
	Flat
	Flat
	Convex
	Raised
	Raised

	
	White
	White
	Milky
	Milky
	White

	
	Entire
	Entire
	Entire
	Entire
	Entire

	
	Shiny
	Shiny
	Shiny
	Shiny
	Shiny

	


C
	Small
	Small
	Small
	Small
	Small
Medium

	
	Round
	Round
	Round
	Round
	Round

	
	Flat
	Flat
	Convex
	Raised
	Convex

	
	White 
	White
	Milky
	White
	Milky

	
	Entire
	Entire
	Entire
	Entire
	Entire

	
	Shiny
	Shiny
	Shiny
	Shiny
	Shiny


The result of the bacterial colony characteristics in Tables 5 show slightly different for each treatments. Komarawidjaja (2009) reported that the characteristics of the bacteria in general are white / yellow, small / medium size, circular in shape, have flat and convex elevations, have flat / jagged edges and shiny surfaces.

3.2 The Total Number of Bacterial Cultivation
The process of cultivating bacteria is carried out twice to grow and multiply the number of bacterial populations and ensure that the bacteria are actually in an active condition and are ready to be used for further tests. Bacterial growth is influenced by many factors, one of which is the availability of nutrients (Okoro 2010). The results of the 2nd activation cultivation are presented in Figure 5.

Figure 5. Total number of bacterial cells on the 2nd activation cultivation; (A) preparation of 0-day-old dried culture (B) preparation of 7-day-old dried culture (C) preparation of 41-day-old dried culture.

Based on Figure 5, the five bacterial isolates had excellent growth. Each bacterial isolate was used for the preparation of dried culture for treatment A, treatment B and treatment C. The highest and lowest average numbers were respectively 1.27 x 109 cfu/ml for the S6 and 1.87 x 108 cfu/ml for the S2. The variation in bacterial growth in this case can be influenced by the availability of nutrients, temperature and physiological properties of microorganisms in the previous media (Nugroho 2007). Overall, the number of bacterial populations that grew was more than 106 Cell Forming Units (CFU)/ml. If the bacterial population is greater than 106 Cell Forming Units (CFU)/ml, it means that the bacteria can live well on the media and can be used for the biodegradation process (Okoro 2010).

3.3 The Total Number of Bacterial Consortium
The bacterial consortium is used as the main material in the making of dried culture in degrading hydrocarbons. The results of the cultivation of the bacterial consortium are presented in Figure 7.

Figure 7. Total number of bacterial consortium cells; (A) 0-day-old dried culture (B) 7-day-old dried culture (C) 41-day-old dried culture.

Based on Figure 7, the highest and lowest average numbers are in the bacterial consrotium for the preparation of dried culture for treatment C is 3.40 x 108 cfu/ml and treatment B is 2.22 x 108 cfu/ml. Similar to the step of cultivation, the variation in bacterial growth belonging to the bacterial consortium can be influenced by the availability of nutrients, temperature and physiological properties of microorganisms in the previous media (Nugroho 2007). Overall, the number of bacterial populations that grew was more than 106 Cell Forming Units (CFU)/ml. If the bacterial population is greater than 106 Cell Forming Units (CFU)/ml, it means that the bacteria can live well on the media and can be used for the biodegradation process (Okoro 2010).

3.3 The Total Number of Bacterial Consortium Dried Culture
The calculation of dried culture bacterial population was carried out twice, such as before treatment and after treatment. The dried culture in before treatment was not cultured in a falcon tube containing crude oil, while the dried culture after treatment was cultured in a falcon tube containing crude oil and sea water for 1 month. The results of the calculation of bacterial dry preparations are presented in Table 9.
Table 9. Population number of bacterial dried culture before and after treatment.
	TREATMENTS
	Total Number of Bacteria (cfu/ml)

	
	Before Treatment
	The Average after Treatment

	A
	5.33 x 102
	9.59 x 108 b

	B
	1.04 x 103
	9.72 x 107 a

	C
	1.37 x 103
	2.71 x 108 a


Nb: A = Dry preparation aged 0 days (fresh); B = 7 days of dry preparation; C = 41 days old dry preparation.

Based on Table 9, the results of calculations before and after treatment have much significant difference. The number of bacterial populations before treatment ranged from 102 to 103, while after treatment it reached 107 and 108. This is due to the availability of different crude oil before and after treatment. Nugroho (2006) reported that bacteria need carbon molecules as a source of nutrition and energy to carry out metabolism and reproduction. Hydrocarbon compounds in petroleum are a source of carbon for the growth of certain microorganisms, while non-hydrocarbons are complementary nutrients needed for their growth. Through a unique hydrocarbon degradation mechanism, this carbon source can be utilized to carry out the metabolic process and its reproduction.
The growth rate in each treatment was relatively varied. The highest average growth was in treatment A with a total of 9.59 x 108 cfu/ml then followed by treatment C with an average amount of 2.71 x 108 cfu/ml and treatment B of 9.72 x 107 cfu/ml. The high average bacterial growth in treatment A was caused by the condition of the dried culture of the bacterial consortium which was still fresh and productive in degrading oil, but the average number of treatments B and C was inversely proportional where the average number of bacteria in treatment C was 2.71 x 108 cfu/ml and treatment B was 9.72 x 107 cfu/ml (Table 9). This is caused by the growth of fungi in treatment B. The growth of fungi on dried culture is indicated by the appearance of white fungal colonies on the surface of the dried culture. This is presumably due to the humidity in the carrier in treatment B. The inconsistent volume of egg whites added in the preparation of dry preparations resulted in different humidity. Podorozhko et al. (2008) reported that the appearance of fungi could inhibit the performance of oil-decomposing microorganisms. Therefore, to increase the absorption ability of oil decomposing microbes, it is necessary to modify the carrier in order to increase better resistance to fungal growth. The results of oil degradation carried out qualitatively are presented in Table 10.
Table 10. Oil degraded by bacterial consortium dry preparations.
	TREATMENTS
	DAY-0
	DAY-28

	



A
	[image: F:\AKHIR KULIAH\PENELITIAN\IMG20200904152809 - Copy.jpg]
	[image: F:\AKHIR KULIAH\PENELITIAN\IMG20200911105443 - Copy.jpg]

	




B
	[image: F:\AKHIR KULIAH\PENELITIAN\IMG20200904130631 - Copy.jpg]
	[image: F:\AKHIR KULIAH\PENELITIAN\IMG20200904103026.jpg]

	




C
	[image: F:\AKHIR KULIAH\PENELITIAN\IMG20200904130613 - Copy.jpg]
	[image: F:\AKHIR KULIAH\PENELITIAN\IMG20200911144105 - Copy.jpg]



In Table 10, there was a degradation process by the dry preparation of the hydrocarbonoclastic bacteria consortium on day 0 and day 28. This indicates the growth of microorganisms capable of living by utilizing the substrate in sea water as an indicator of pollution (Oktarina 2013). Based on the observations, all dried cultures were able to disperse oil well. This is indicated by the reduced viscosity of crude oil, but the increase in the number of bacteria at each treatments cannot be seen qualitatively. Bacterial growth was carried out by the Total Plate Count (TPC) method. The results of bacterial growth during the degradation process can be seen in Figure 9.


Figure 9. The total number of cells for a consortium of hydrocarbonoclastic bacteria dried culture for 1 month; (A) 0-day-old dried culture (B) 7-day-old dried culture (C) 41-day-old dried culture
Based on Figure 9, there is variation in the number of bacteria at the beginning of culture. The number of bacteria in treatment A was 1.44 x 108 cfu/ml, treatment B was 2.06 x 105 cfu/ml and treatment C was 2.74 x 103 cfu/ml. The high number of bacteria in treatment A was caused by the storage age of treatment A which was still fresh so that the immobilized bacteria were still active in degrading crude oil, while the low number of bacteria in treatment C was caused by the storage age which had reached more than 1 month so that the bacterial metabolic activity was slow (Obuekwe et al. 2001).
In general, bacterial growth is the result of cell multiplication, so that bacterial growth is more often expressed as cell reproduction. Bacteria carry out multiplication of self-division regularly through exponential growth, that is, the rate of cell division increases with increasing growth time (Ali 2005). The growth of the first day on treatment B and C showed a lag phase which was a period of adjustment for microorganisms, while treatment A immediately entered an exponential phase. The lag phase experienced by treatment B and C is a period of adjustment of bacteria to the environment, ranging from one hour to several days. The length of time this depends on the type of bacteria, the age of the culture and the nutrients present in the medium provided. In this phase the bacteria adapt to the environment and have not been able to breed, but cell metabolism and the size of the bacterial is increases, while the exponential phase in treatment A is a period of rapid culture and there are characteristics of active cells. During this phase bacterial culture is rapid, cells divide and their numbers increase logarithmally by time. Some bacteria in this phase usually produce primary metabolites, such as carbohydrates and proteins. On the curve, this phase is characterized by the presence of a straight line in the plot of the number of cells against time (Nugroho 2006). The highest peak of bacterial growth in each treatment was relatively varied where treatment A showed the highest growth on day 7, treatment B on day 14 and treatment C on day 21. The variation in growth peaks in these bacteria is caused by the ability of different bacteria to adapt to their new environment before being able to utilize the oil contained in sea water as a carbon source (UMROH 2011). The stationary phase and the death phase were not experienced by all treatments. The stationary phase occurs in treatment B, on the 21st day to the 28th day where there is a balance between the growth rate and the mortality rate, so that the number of all living bacteria will remain. The death phase occurred in treatment C where the rate of reduction in bacteria exceeded the rate of bacterial culture (Nugroho 2006).
Based on Figure 9, the treatment A experienced a significant decrease on the 14th day of the bioremediation process. This is due to the performance of a consortium of bacteria that works simultaneously where complex types of hydrocarbons are degraded in different ways, so that under certain conditions they can decrease. Atlas (1981) suggests that there are no individual microorganisms that can completely degrade hydrocarbons, so a mixed population of microorganisms with various enzymatic capacities is needed to degrade complex hydrocarbon mixtures, such as petroleum. The use of the bacterial consortium will increase the degradation of petroleum. This is because the bacterial consortium has the ability to degrade different components of petroleum, so that it has a more complete enzymatic ability in degrading petroleum (Sugoro 2002; Verania 2002; Astuti 2003).
Overall, the dried culture of the hydrocarbonoclastic bacteria consortium were able to survive each storage period for 1 month of culture (Figure 9). This can be seen from the high number of each treatment on the 28th day. The number of bacteria in treatment A was 1 x 109 cfu/ml, treatment B was 1 x 108 cfu/ml and treatment C was 5 x 108 cfu/ml. Viability in each of these treatments is due to a correlation between the viability of bacteria in maintaining their metabolic and enzymatic abilities with the carriers used in immobilization (Obuwekwe et al. 2001). The best viability performance of dried culture was shown by treatment A where bacterial growth was still experiencing an exponential phase on the last day of culture with value of 1.33 x 109 cfu/ml, while treatments B and C experienced a significant decrease in the number of bacteria. This is consistent with the statement by Obuekwe et al. (2001) which reported that immobilized bacteria at the beginning of the storage period are able to utilize carbon compounds and not affect metabolic and enzymatic performance in utilizing their nutrients.
This success was supported by the results of statistical test data which showed the effect of adding crude oil and sea water to the growth phase at each dried culture, indicated by the number of F count> F table. Further test results showed that the dried culture of the hydrocarbonoclastic bacteria consortium in day-0 storage (fresh) had a significant effect on using crude oil during the breeding period. The ability of bacteria to degrade petroleum is due to the fact that bacteria produce enzymes that can break down complex organic compounds into simpler compounds. Monooxygenase enzymes and dioxygenase enzymes produced by bacteria are able to open carbon bonds in aromatic rings and produce primary alcohol. The dioxygenase enzyme produced by these bacteria then forms cis-dihydrodiol where this compound will be dehydrogenated to form dihydroxy-PAHs which are the substrate for ring-opening enzymes. Through the provision of one oxygen molecule, the monooxygenase enzyme can also degrade Polycyclic Aromatic Hydrocarbons (PAHs) and form arene oxides, then these molecules will be used by microbes as a source of nutrition for growth and energy (Hasyimuddin et al. 2016).

The Results of Environmental Parameter Measurement
Power of Hydrogen (pH)
The biodegradation process can be said to run well if it is supported by the measurement of the increased bacterial population and decreased pH in the bacterial solution at each treatment. The pH measurement results are presented in Figure 10.

Figure 10. pH measurement at the beginning and end of culture; (A) 0-day-old dried culture (B) 7-day-old dried culture (C) 41-day-old dried culture.
Based on Figure 10, the decrease in pH is caused by the activity of the bacterial consortium aerobically overhauling the carbon composition in the oil to produce CO2 which reacts with water to form acidic H2CO3 or Volatile Organic Acid (VOA). The increase in the accumulation of organic acids is the end result of the metabolic process along with the increasing incubation time (Hassanshahian and Capello 2013). This is consistent with the statement by Rosenberg et al. (1992) which reported that the decrease in pH during biodegradation is the formation of acidic by products such as acetic acid and propionic acid as well as gluconic, pyruvic, citric and succinic acids (Gosalam et al. 2008), thereby reducing the pH value of the medium.
In general, bacteria can live at a pH of 5 to pH 8 and an optimum pH of 7 (Santosa et al. 2004). This shows that the decrease in pH during the biodegradation process is still within normal limits so that the biodegradation process can work well. Pagoray (2009) adds that bacteria can grow and thrive in neutral pH conditions. At neutral pH, the enzymes produced by the bacteria are maximized in degrading oil.

Temperature
Temperature is directly related to the chemical properties of pollutants, as well as influencing the physiology of microbes in the environment, thereby temperature has a big influence on the biodegradation of hydrocarbons. The results of temperature measurement are presented in Figure 11.

Figure 11. Temperature measurements at the beginning and end of culture; (A) 0-day-old dried culture (B) 7-day-old dried culture (C) 41-day-old dried culture.
Based on Figure 11, the temperature is relatively more homogeneous because the sample is placed at room temperature ranging from 25°C - 28°C where this temperature distance is good enough for bioremediation applications. Baker et al. (1994) reported that the optimal temperature in the bioremediation process takes place between 25°C - 40°C and most hydrocarbonoclastic microorganisms are active at a temperature range of 20°C - 35 ° C. Figure 11 shows an increase in temperature in the biodegradation process for 28 days of test time. This is related to the statement of Sihag et al. (2014) where hydrocarbonoclastic microorganisms will show high activity in degrading oil if they are in an environment with an optimal temperature range. In addition, the biological processes in bacteria generally increase with increasing temperature. Temperature that has reached the maximum limit will undergo denaturation of enzymes that will inhibit and kill cells (Baker et al. 1994).

Salinity
The occurrence of the biodegradation process can be seen from the fluctuation of salinity in each treatment through changes in population and bacterial metabolism. The results of the salinity measurement are presented in Figure 12.

Figure 12. Measurement of salinity at the start and end of culture; (A) 0-day-old dried culture (B) 7-day-old dried culture (C) 41-day-old dried culture.
Bacteria require an osmotic balance between the intracellular environment and the intercellular environment (Qin et al. 2012). Research by Bao et al. (2013) showed that the initial salinity has a significant effect on the efficiency of degradation of petroleum hydrocarbon pollutants. This is tested by evaluating the rate of bacterial growth in degrading oil. Based on Figure 12, the salinity ranges from 32-36 ppt. According to Nybakken (1992) the salinity of a water can be the same or different, such as sea water which has a normal salinity range between 30-35 ppt. The presence of waste oil containing hydrocarbons causes an exchange of levels of NA + and Cl- ions. This causes by the changes of salt levels in sea water. The change in salinity indicates the activity of hydrocarbon degradation by bacteria. Based on research in Cilacap waters conducted by Darmayati (2015), it shows that the biodegradation process of oil is still running well even though the salinity in the environment reaches 56 ppt.

Dissolved Oxygen (DO)
Bacterial growth is greatly influenced by the level of dissolved oxygen available. The dissolved oxygen level which is not high enough will be the inhibiting factor for degradation. The dissolved oxygen measurement results are presented in Figure 13.

Figure 13. Measurement of salinity at the start and end of culture; (A) 0-day-old dried culture (B) 7-day-old dried culture (C) 41-day-old dried culture.
Based on Figure 13, the dissolved oxygen content has decreased significantly, which is in the range 1.35-3.15 mg / L. This event is caused by bacterial growth which is directly proportional to oxygen demand, the higher the bacterial growth, the greater the oxygen demand. When oxygen demand increases, dissolved oxygen decreases (Sawyer et al. 1978). Marine biota and marine microorganisms experience normal growth and reproduction when dissolved oxygen levels are more than 5 mg / L (Swingle 1969). The presence of oxygen in bioremediation will increase the degradation process. Oxygen is required to be inserted into the hydrocarbons by the enzyme oxygenase. In addition, oxygen is also required for hydrocarbon oxidation (Alexander 1999; Van Hamme et al. 2003; Madigan et al. 2006).

4. Conclusion
Bacterial dried culture in all storage period have viability on sawdust carriers. This is known from the high number of bacterial populations on the 28th day where the number of bacterial dried culture in 0 days of storage was 1.33 x 109 cfu/ml, the 7 days of storage was 1.10 x 108 cfu/ml and the 41 days of storage was 4.60 x 108 cfu/ml. The best performance of dried culture is indicated by 0 days of storage with an average amount of 9.59 x 108 cfu/ml where there is still an increasing phase at the end of the culture. This indicates that the bacteria are still productive and able to make good use of petroleum hydrocarbons.
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Number of Cells (cfu/ml)


pH 
Day-0	A	B	C	7	7	7	Day-28	A	B	C	6	5.5	5	


Temperature (°C)
Day-0	A	B	C	25.8	25.61	25.55	Day-28	A	B	C	27.82	27.71	27.45	


Salinity (ppt)
Day-0	A	B	C	34	34	34	Day-28	A	B	C	36.33	32.57	35.85	


DO (mg/l)
Day-0	A	B	C	3.15	3.22	3.2	Day-28	A	B	C	1.35	1.88	1.74	


A	s2	s3	s4	s5	s6	200714285.71428558	685000000	75500000	1015000000	935000000	B	s2	s3	s4	s5	s6	335000000	229545454.54545453	365000000	460000000	695000000	C	s2	s3	s4	s5	s6	25000000	1509523809.5238094	365000000	1772727272.7272727	2168181818.181818	
Number of Cells (cfu/ml)


Jumlah Sel Bakteri (CFU/ml)	A	B	C	340000000	222083333.33333334	249090909.09090906	
Number of cells (cfu/ml)
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diencerkan pada pengenceran 10® kemudian diinokulasikan pada media ag:
yang mengandung sumber karbon dalam microplate. Sumber karbon yan
digunakan adalah Arabian Light Crude Oil (minyak mentah).

Total sel bakteri dihitung dengan rumus sebagai berikut :
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Dimana :
N : jumlah koloni produk, dinyatakan dalam CFU per mL;
»C  :jumlah koloni pada semua cawan yang dihitung;
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