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Abstract. The purpose of this research is to determine the bacteria that have the potential to
degrade pertroleum in the waters of Ambon Bay. The research was conducted in July-September
2020 in the waters of Ambon Bay, precisely in two locations, namely PT. Perikanan Nusantara
Ambon Branch Port in Galala (station 1) and Perikanan Nusantara Ambon Port in Tantui (station
2). The research method used was purposive sampling method on seawater sampling, laboratory-
scale experimental method for the isolation of oil-decomposing bacteria, and morphological
characterization observations using Stone Mineral Salt Solution Extract Yeast (SMSSe) media.
The identification of bacteria uses macroscopic observation to observe the characteristics of the
bacterial colony, while microscopic observation is used to observe the shape of the cell and the
properties of the bacteria. Environmental parameters at the two stations include temperature, pH,
DO, salinity, and brightness categorized as normal for bacterial growth. The results of bacterial
isolation is that 7 isolates were obtained, consisting of 5 isolates found at station 1 and 2 isolates
found at station 2. The highest total number of bacteria is 123.10°° CFU/ml, while the lowest is
47.10° CFU/mI. In general, the characteristics of diesel oil-degrading bacterial isolates have
circular and irregular colony forms, entire and lobate colony edges, raised and convex colony
elevations, milky white, yellow, and cream colony colors, and bacilli and coccus cell shapes.
Based on the results of gram isolate staining, there were 5gram negative bacterial isolates and
2gram positive bacterial isolates.

1. Introduction

Coastal and marine areas are dynamic and complex areas [1, 2]. Various activities that occur in that area
indicate the existence of expansion and developmental progress in the area [3]. Several regions in
Indonesia have promising coastal and marine potential [4, 5], one of them is in the Maluku Province.
The utilization of coastal and marine resources potential has succeeded in advancing the development
and the welfare of its people [6, 7], although still not optimally. The Maluku waters area is larger than
the land area resulting in high activity in this area, one of which is boat activity [8]. Boat transportation
is a mean of connection between islands which is a characteristic of the Maluku Province, because it has
many small islands [9]. The high demand for products from the fisheries and marine sectors, locally,
nationally, and internationally, also encourages high fishing vessel activity.

Various boat activities that have been mentioned have had positive and negative impacts on both
the community and the water environment. Some of the positive impacts are that the community’s needs
are fulfilled and the regional income are increasing. However, negative impacts both directly and
indirectly are also felt by the community and the aquatic environment. One of the real negative impacts
in the waters is oil spills [10,11]. Qil spills at sea can come from tanker accidents, ship loading and
unloading, docking (maintenance/reparing), and the cutting of the ship’s hull. As the capital of the
Maluku Province, Ambon City which is the center of development, has high shipping activity. These
activities were identified in several places in the waters of Ambon Bay, including Yos Sudarso Port,
Perikanan Nusantara Port, Slamet Riyadi Port, PT. Perikanan Nusantara, Pertamina Wayame Port and
others.
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It is well-known, oil spills in the waters will disrupt the aquatic ecosystems, especially the important
coastal ecosystems such as mangrove, seagrass, and coral reef ecosystems [12, 13, 14]. Oil spills are
contaminants that can be lethal (deadly) or sublethal (inhibit reproductive growth processes and other
physiological processes) for aquatic organisms. Qil spills that enter the waters do not mix with the water;
the oil will form a layer on the surface which will inhibit the penetration of sunlight for photosynthesis.
Oil spills will result in a lack of dissolved oxygen as a result of the photosynthesis process in waters
which is needed by aquatic biota for their survival. However, the oil will mix with the water and settle
on the bottom of the water for a certain period of time. Qil spills contain hydrocarbon compounds that
are dangerous and detrimental to marine ecosystems. Some of the oil-forming components are known
to be toxic to aquatic organisms which will also affect humans. Petroleum emissions generally contain
heavy metal compounds such as Pd (lead) and Cd (cadmium) which are toxic to aquatic organisms [15,
16]. Through the food chain process, aquatic organisms that have been contaminated with chemical
compounds will be consumed by humans, which indirectly causes oil spills in the waters to eventually
accumulate in the human body.

One of the efforts to control water pollution due to oil spills is bioremediation [17, 18]. Compared
to various technological efforts, bioremediation is considered environmentally friendly. Bioremediation
is defined as the use of microorganisms to degrade an environment contaminated with hazardous waste
(toxic) into a form that is not dangerous (less toxic). In general, the materials used for bioremediation
process use the help of bacteria and fungi or plants that have the ability to absorb hazardous waste. The
results of research in the waters of Pare-Pare Bay found three bacterial isolates that can degrade diesel
oil, namely Bacillus sp, Psedomonas aeruginosa, and Alkaligenes faecalis [19]. The use of bacteria for
bioremediation is currently developing and has the potential in the future because it is environmentally
friendly and widely available in nature. The purpose of this research is to determine the bacteria that
have the potential to degrade petroleum in the waters of Ambon Bay.

2. Materials and Method

2.1. Sampling method

The research was conducted in July-September 2020 in waters of Ambon Bay, precisely in two locations
(Figure 1), namely at PT. Perikanan Nusantara Ambon Branch Port in Galala (station 1) and Perikanan
Nusantara Ambon Port in Tantui (station 2). The selection of the two locations took into account the
high activity of the fishing boats landing port. Sampling of seawater was carried out using the purposive
sampling method. Seawater samples taken at the two research locations were carried out by dipping the
sterilized bottles below the water surface (approximately 20 cm) with the bottles positioned opposite to
the direction of the water flow. Environmental parameter data collection including temperature, pH,
brightness, dissolved oxygen (DO), and salinity was carried out in situ. Sample testing was carried out
at the Microbiology Laboratory of the Department of Biology and the Laboratory of Basic Chemistry,
Faculty of Mathematics and Natural Sciences, Pattimura University.

2.2. Research procedures in the laboratory

2.2.1. The making of bacterial growth media. The sampling process up to the isolation and
identification stage can be seen in Figure 2. The media used in the isolation and degradation test of
petroleum using selective media, is the Stone Mineral Salt Solution Extract Yeast (SMSSe). Making
SMSSe media for bacterial growth consisted of CaCOj3 (Calcium carbonate), NHsNOs (Amonium nitrat),
Na;HPO..7H,0 (Sodium monohydrogen phosphate heptahydrate), KH,PO4 (monokalium phosphate
fertilizer), MgS0..7H,O (Magnesium sulfat), MnCl,.7H.O (Manganese (Il) chloride heptahydrate),
with adding 0.01% (b/v) of yeast extract [20]. Making growth media consists of two, liquid media and
solid media.
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Figure 1. Map of sampling site

2.2.2. Isolation and identification of petroleum degrading bacteria. In the isolation stage, dilution is
carried out by inserting a 9 ml seawater into liquid SMSSe media containing 2% (b/v) of pure oil. Next,
the diluted sample was incubated in a incubator shaker at 35°C and at the speed of 120 rpm for 3 days.
Then 1 ml was taken for isolation by adding 9 ml of distilled water into the test tube for dilution. Next,
it is vortexed to be homogeneous. The dilution process is carried out until the fifth dilution (109).

During the last three dilutions, 103, 104, and 10° with sterile sea water, 0.1 ml is taken and grown
on a plate of SMSSe media containing 2% (b/v) of diesel oil. Then 2 % bacto agar was added as a
compactor using the scatter plate method with the hockey stick [21]. Then, the sample is incubated at
35°C for 24 hours. The growing bacteria were purified again based on the same morphological
characteristics using the scratching method on the SMSSe media plate and added with bacto agar in
order to obtain a single colony reslut. The results of the isolates that have been obtained are then
identified using macroscopic observations to observe the characteristics of the bacterial colony, while
microscopic observations are used to observe the shape of the cells and the properties of the bacteria
[22].
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Figure 2. Research procedure flowchart

2.3. Data analysis method
The calculation of the number of bacteria was carried out using the Total Plate Count method [23], with

the formula below:

_ (ax109)+(bx 10/)+(c x 109)

K
3
where:
K : number of the colony (CFU/mI)®
a, b, ¢ : number of the bacteria colony
e, f,g :thedilution factor
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The petroleum content analysis method can use the following formula (SNI 06 6989.10-2004):

(A-B)
mL test sample

Oil content (mg/L) = x 1000

where:
A = The weight of flask + extract (mg)
B = The weight of empty flask (mg)

The calculation of the percentage of petroleum bidegradation uses the following formula [24]:

_ (Bmo-Bmn)

%B—Txloo

where:

%B = Biodegradation percentage
Bmo = Initial petroleum weights (g)
Bmn = Final petroleum weights (g)

3. Result and Discussion

3.1. Environmental parameter condition

The activity of degrading bacteria is influenced by the environmental factors [25]. Marine
microorganisms are greatly influenced by changes in the environmental factors. The temperature has an
influence on the activity of petroleum degrading bacteria in marine waters. The temperature value
obtained at station 1 is 27.5°C and station 2 is 27.25°C. The temperature values at these two stations are
still good to support the growth of marine life and microorganisms. Psedomonas aeruginosa bacteria
can grow at temperatures reaching 30°C to 50°C with an optimal temperature of 45°C [26]. The pH level
obtained at station 1 was 6.54, while station 2 was 6.15. The pH values at both research stations are still
ideal for the growth of oil-degrading bacteria. pH parameters play an important role in the
bioremediation process by bacteria [27]. The optimal pH value for the bioremediation process is at pH
6, but microbes will die at pH range of 8 to 10 [28].

Dissolved oxygen at the two research stations are 7.55 mg/l and 9.7 mg/l, respectively. Nitrifying
bacteria require a minimum of 2 mg/l dissolved oxygen for respiration [29]. The Decree of the State
Minister for the Environment No. 51 of 2004 states that the value of dissolved oxygen that is good for
marine life is > 5 mg/l. Dissolved oxygen that supports the activity of degrading bacteria ranges from
5.83 mg/l to 6.83 mg/l [30].

The salinity values at the research stations were 29%o and 29.25%o, respectively. These values are
still considered normal for marine waters. Salinity greatly affects the growth of oil-degrading bacteria
such as Bacillus sp [31]. Bacterial diversity will be negatively impacted if the salinity increases because
it can inhibit the growth of bacterial colonies and reduce the level of bacterial activity [32]. The
brightness levels at each research station are still relatively good, at 5 m and 4 m. Brightness affects the
presence of bacteria in the water. If the level of turbidity is high, it will inhibit the penetration of sunlight
entering the waters so that it impacts the photosynthesis process.

3.2. Isolation of Bacteria, Purification and Selection of Diesel Oil Degrading Bacteria from PT.
Perikanan Nusantara Port and Perikanan Nusantara Ambon Port

The isolation results show that there are bacteria that have the potential to decompose pertroleum at the

two research stations. Based on the results of bacterial colonies growing on SMSSe media, 7 bacterial

isolates were found. The bacterial isolates obtained were each given the sample codes A1.1, Al1.2, Al.3,

Al4, A2.1, T1.1, T1.2. Isolates with sample codes Al.1, Al1.2, Al.3, and Al.4 were obtained from
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isolating sample 1 at PT. Perikanan Nusantara, Galala, sampling point 1, while isolate A2.1 was obtained
from sampling point 2. Isolates T1.1 and T1.2 were obtained from isolating sample 2 at Perikanan
Nusantara Ambon Port, sampling point 1. Based on the purification of the 7 isolates, the single colonies
that grew on marine agar media were similar to the isolates found on SMSSe media (Figure 3). In the
sample coded T2, no bacterial isolates were found. Pure isolates scratched on marine agar media are
bacteria that have the potential to decompose diesel oil.

T1.2
Note: = Bacterial that grow on SMSSe media

Figure 3. The results of scratching the diesel oil degrading bacterial isolate on Marine Agar media

3.3. The number of bacterial colonies using the TPC Method based on the dilution

Based on the results of the research, it was found that the highest average total number of bacteria was
123.10° CFU/ml originating from the waters of PT. Perikanan Nusantara Port, Galala, while the lowest
is 47.10° CFU/mI from Perikanan Nusantara Ambon Port (Table 1). There are samples that are not
overgrown by bacteria, this is suspected to be caused by the presence of Calcium Carbonate (CaCO5)
which is still deposited in the media. The concentration of CaCOs causes variations in the pH of the
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media, which causes changes in bacterial enzyme activity, therby affecting the reaction rate [33].
Moreover, there was the clumping of diesel oil that becomes a factor for bacteria not growing. The
number of colonies that grew in samples Al, A2, and T1 at 2 % diesel oil concentration on the third day
was related to the degradation percentage. In general, the greater the number of bacterial colonies that
grow, the higher the percentage of degradation [34].

Table 1. The number of oil decomposing bacteria at the PT. Perikanan Nusantara Port and Perikanan
Nusantara Ambon Port

No.  Sample Samples taken > Bacteria X TPC
Code (ml) 1073 10 10° CFU/ml
1 Al 0.1 - 65.10° 180.10° 123.10°
2 A2 0.1 83.10° - - 83.10°
3 T1 0.1 20.10° 40.10° 80.10° 47.10°
4 T2 0.1 - - - -

Note: A = Station 1 PT. Perikanan Nusantara Port; T = Station 2 Perikanan Nusantara Ambon Port

3.4. Identification of diesel oil degrading bacteria

For the isolates found from the purification results, the identification process was then carried out in the
form of direct colony observation through color, shape, edge, and colony elevation. Meanwhile, to see
the forms of bacterial cells and to determine the group of bacteria from the resulting isolate, gram
staining was performed. There are 4 isolates (Al.1, Al.2, Al.3, and Al.4) which have circular colony
shapes, entire colony edges, raised elevation forms, and a bacillus cell shape which macroscopically
have the same characteristics (Table 2). Isolate A2.1 has a circular colony shape, an entire colony edge,
a convex elevation form, and a bacillus cell shape. The colors of isolates A1.1, A1.2, and A1.3 are milky
white, Al.4 is yellow, and isolate A2.1 is cream. At station 2, which is located at Perikanan Nusantara
Ambon Port, there is 1 bacterial isolate with code T1.1 which has an irregular colony shape, a lobate
colony edge, a raised elevation form, a coccus cell shape, and milky white color. Morphological
differences in the types of bacteria that grow on Marine Agar media are thought to be influenced by
environmental factors around the research station.

Microscopic identification of bacteria was also carried out using gram staining. Gram staining is
used in the identification of bacteria to determine whether the bacteria found are gram-positive or gram-
negative. Based on the results of gram staining on 7 isolates, 5 isolates of gram-negative bacteria were
obtained (Al.1, A1.2, A1.3, Al.4,and T1.1) and 2 gram positive (A2.1 and T1.2). The results of gram-
negative isolates were shown by the appearance of red cells, while isolates that were included as gram-
positive were shown by the appearance of purple cells (Figure 4). The difference in color of bacterial
cells is caused by the difference in the composition of the cell walls of each bacterial isolate. Gram
negative bacteria generally have cell wall with high lipid content. Lipids are dissolved by acetone
alcohol, so the crystal violet dye on the bacterial cell wall cannot be maintained and instead binds the
red safranin substance at the time of staining [35]. Furthermore, the cell wall in gram-positive bacteria
consists of peptidoglycan which is insoluble in acetone alcohol, so the blue color of crystal violet dye
complex is maintained at the time of staining. Gram positive bacteria have a larger cell size because
they contain thick peptidoglycan on the cell wall, whereas gram-negative bacteria have a smaller cell
size because they have thin peptidoglycan on the cell wall. Bacteria from the class g-proteobacteria and
a-protebacteria dominate and play an important role in the bioremediation process of oil, especially in
the degredation of poliaromatic hydrocarbons (PAHSs) and alkanes [36]. The degrading bacteria also
come from Pseudomonas putida, Pseudomonas fluorescens, Bacillus insolitus and Bacillus marinus
which have the potential to be developed in petroleum bioremediation [37].
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Table 2. The results of characterization of diesel oil degrading bacterial isolates

Station  Sampling Isolate  Colony  Colony Colony Colony Cell Size Gram
Point Code Form Edges Eleveation Color Form Stain
All Circular  Entire Raised Milky  Bacillus Medium Negative
white
Al.2 Circular  Entire Raised Milky Bacillus  Small  Negative
1 white
1 Al3 Circular  Entir  Raised Milky  Bacillus  Small  Negative
white
Al4 Circular  Entire Raised Yellow Coccus  Small  Negative
2 A2.1 Circular  Entire  Convex Cream Bacillus Large  Positive
T1.1 Circular  Entire Raised Cream Bacillus  Small  Negative
2 1 T1.2 Irregular Lobate Raised Milky  Coccus Large Positive
white

Note:  Station 1 = PT. Perikanan Nusantara Port
Station 2 = Perikanan Nusantara Ambon Port

Note: Gram-negative = Al.1, Al.2, A1.3, Al.4, T1.1, C.2, Gram-positive = A2.1, T2.1
Figure 4. The result of gram staining of bacterial isolates

4. Conclusion

Based on the results and discussion stated, it can be concluded that there are seven isolates of petroleum
degrading bacteria obtained from the research location, namely five isolates found in the waters at the
PT. Perikanan Nusantara Port and two isolates at the Perikanan Nusantara Ambon Port.

This research is an early stage research to isolate and identify biosurfacants producing and diesel
oil degrading bacteria. The suggestions that can be recommended based on the results of this research
is that there is a need for further research on the effect of environmental conditions (pH, temperature,
and nutrients) on increasing the percentage of oil biodegradation, on molecular identification of
biosurfactant-producing bacteria, and on simulations of oil pollution management models using
dynamic systems.
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