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ABSTRACT
This study aims to examine the growth characteristics of B. cereus and B. zhangzhouensis and to
see their potential in preventing the growth of Aeromonas hydrophila in vitro. This research was
conducted in June 2020 - May 2021 at the Laboratory of Microbiology and Biotechnology, Faculty of
Fisheries and Marine Sciences, Padjadjaran University. The method used is the exploratory method and
the data obtained were analyzed descriptively. The growth curve was performed using the turbidimetric
method. The inhibition test used the disc diffusion method with 5 treatments, chloramphenicol
antibiotics (4000 ppm), distilled water, bacterial culture, 100% supernatant and 50% supernatant. The
curve results showed that the growth of B. cereus and B. zhangzhouensis was slow. The stationary phase
of B. cereus occurred at 40-72 hours, while in B. zhangzhouensis the stationary phase occurred at 48-72
hours. The results of the inhibition test showed that the antimicrobial activity of B. cereus and B.
zhangzhouensis was weak with a value range of 0.71 - 1.6mm, besides that the results of the inhibition
zone produced by these two bacteria have different inhibitory abilities in each treatment
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1. INTRODUCTION
Intensive fish farming cannot be separated from the problem of disease attacks. Diseases
that attack fish can be caused by fungi, parasites, bacteria, and even viruses. Diseases caused
by bacteria are one of the obstacles in goldfish cultivation because they can result in death
resulting in significant economic losses. Motile Aeromonas Septicemia (MAS) disease in
goldfish occurs due to the presence of Aeromonas sp. if the growth of bacteria cannot be
controlled, it will result in mass death so that cultivation activities will suffer a great loss.
Various attempts have been made to control the growth of A. hydrophila bacteria in fish
cultivation ponds, one of which is using antibiotics. However, the use of chemicals in the long
term can result in the emergence of strains of bacteria that are resistant to the drug. In addition,
antibiotics can produce toxins and are residual for consumers so that they can cause food
allergies and even poisoning. The development of novel antibacterial alternatives is the most
obvious approach in combating increased resistance to pathogenic bacteria. Therefore, one of
the actions that can be taken to reduce the use of antibiotics in fish farming is to use natural
ingredients, one of which is probiotics and the latest is to use antimicrobial peptides. This
antimicrobial peptide is a natural antibiotic so it can provide a promising alternative to the new
generation of antibiotics. Antimicrobial peptides are encoded by genes everywhere, one of
which is the bacterium Bacillus. Bacillus itself is classified as a probiotic bacteria that can be
found in fresh and marine waters and is present in the digestive system of animals. The genus
Bacillus consists of many species, some of which are B. cereus and B. zhangzhouensis. Based
on previous research, Bacillus can produce antimicrobial peptides so that it can inhibit the
growth of A. hydrophila because it can form an inhibition zone of 6.5 - 12.6 mm. In addition,
B. cereus is known to produce antimicrobial substances ericyn, subtilin, and sublancyn. The
potential of Bacillus as bacteria that can produce antimicrobial substances encourages the need
for further research on the optimization of the growth of B. cereus and B. zhangzhouensis and
the ability of these bacteria to inhibit the growth of pathogens A. hydrophila.

2. MATERIALS AND METHODS
This research was conducted in July 2020 - May 2021 at the Laboratory of Microbiology
and Biotechnology of Fisheries and Marine, Building 3, Faculty of Fisheries and Marine
Sciences, Padjadjaran University.
2. 1. Research Materials
The materials used in this study were the bacteria Bacillus (B. cereus and B.
zhangzhouensis) from the intestines of common carp that have been characterized and
Aeromonas hydrophila from laboratory stocks. The medium used for the bacterial growth curve
was nutrient broth (NB) and nutrient agar (NA) for the inhibition zone test.
2. 2. Research Methods
This study used a turbidimetric method for growth curves with optical density OD600 for
Bacillus bacteria and cultured at a temperature of 30 °C and a speed of 150 rpm. The inhibition
zone uses the disc diffusion method with five treatments, and cultured at a temperature of 30°C.
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2. 3. Cultures of B. cereus and B. zhangzhouensis
Nutrient Agar (NA) which has been weighted was dissolved with 100 ml distilled water
in an erlenmeyer, covered with a cotton plug, then heated using a hot plate equipped with a
magnetic stirrer to homogenize the solution. Then the solution is sterilized using an autoclave
for 15 minutes at a temperature of 121 °C. The sterile NA medium was poured aseptically into
a petri dish. B. cereus and B. zhangzhouensis isolates were inoculated on NA media aseptically,
then incubated at 30 °C for 24 hours. Then stored at –20 °C and the bacterial culture is ready
for use.
2. 4. Making Inoculum / Starter Culture
Nutrient Broth (NB) which has been weighted was dissolved with 200 ml of distilled
water in an erlenmeyer, covered with a cotton plug, then heated using a hot plate equipped with
a magnetic stirrer to homogenize the solution. Then the solution is sterilized using an autoclave
for 15 minutes at a temperature of 121 °C. The B. cereus and B. zhangzhouensis bacteria from
NA culture were harvested using a loop needle and put in an erlenmeyer containing NB. Then
incubated in a shaker incubator at a temperature of 30 °C with a shaker speed of 150 rpm for
24 hours.
2. 5. Growth Curve
Growth of B. cereus and B. zhangzhouensis was carried out in a nutrient broth (NB)
medium. The cultures were incubated at 30 °C with a shaker speed of 150 rpm. Bacterial growth
was measured by the turbidity method using a spectrophotometer (λ = 600 nm). Sampling was
carried out every 2 hours for 24 hours. Then continue sampling every 8 hours until the growth
curve shows a stationary phase.
2. 6. Making of A. hydrophila bacteria 108 CFU/ml
A. hydrophila culture was taken using a loop needle, then put into an erlenmeyer containing
200 ml NB solution. Erlenmeyer was covered with a cotton plug, then the bacteria were
incubated at 30 °C with a shaker speed of 150 rpm. Bacterial culture was inserted into a 2 ml
cuvette and calculated using a spectrophotometer (λ = 540 nm) and an absorbance value of
0.235 to obtain a density of 108 CFU/ml.
2. 7. Inhibition Zone Test (In Vitro)
The inhibition zone test against the pathogen A. hydrophila was carried out by growing
bacterial isolates on a nutrient agar (NA) medium. Sterile petri disc were prepared and filled
with each treatment control + (antibiotic chloramphenicol 1000 ppm), control – (sterile distilled
water), supernatant 100%, 50%, and culture (not centrifuged). Sterile 6 mm disc paper was
immersed in each treatment. NA is poured into 10 ml of petri dishes. Petri dishes are divided
into 4 quadrants.
Planting A. hydrophila bacteria on NA medium was carried out by pouring 0.1 ml of
bacteria. A. hydrophila bacteria were flattened using sterile lab cotton buds. Soaked sterile disc
paper, then placed and gently pressed on top of the NA medium. Then incubated at 30 °C.
Inhibition zone measurements are carried out every 24 hours.
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Fig. 1. Design of inhibition zone

2. 8. Data analysis
The results of the measurement of the growth curve were calculated using MS. Excel and
the results of the inhibition zone measurements were interpreted using the category of
antibacterial activity.

3. RESULT
Based on the research activities, the following results were obtained:
3. 1. Growth Curves of B. cereus and B. zhangzhouensis
The growth curve is a piece of information about the life phase of a bacterium. This growth
phase reflects the state of the bacteria in the culture at any given time. The development of the
growth curve also functions as an optimization of the production time of secondary metabolites
that are antimicrobial by sampling the starter culture. The existence of this time optimization
can help to determine the length of incubation time needed in order to know the right time to
harvest bacteria. The bacterial suspension will become cloudier (Figure 2) with increasing
incubation time, this shows that the more the number of bacteria grows.
This study used nutrient broth (NB) as a medium in making starter cultures. This is
because the media has the carbon and minerals needed for bacterial growth. The starter culture
was incubated in a shaker incubator with a temperature of 30 °C and a shaker speed of 150 rpm.
This is because B. cereus and B. zhangzhouensis are thermophilic bacteria that can live in a
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temperature range of 20 - 40 ° C, while the function of the media shaker during incubation is to
influence the mixing of nutrients in the media so that the metabolite yield can increase. The
wavelength used for measuring OD with a spectrophotometer is a wavelength of 600 nm. The
use of this 600 nm wavelength is because Bacillus is able to absorb at that wavelength.

b.

a.

..

d.
c.

..
Fig. 2. Bacterial suspension in starter cultures (incubation time a. 0 hours; b. 24 hours;
c. 48 hours; d. 72 hours)
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Fig. 3. Growth curve of Bacillus bacteria

Growth curves were made based on the results of OD measurements every 2 hours for 24
hours, which were then converted into LOG OD. The results of the growth curve above, the
growth of the two Bacillus bacteria for 24 hours still increased (Figure 3). This is consistent
with the growth of other Bacillus, one of which is Bacillus pumilus which also has slow growth
so that the growth curve is continued with culture OD measurements every 24 hours.
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Fig. 4. Growth curve for 72 hours
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Based on the curve (Figure 4) shows that the growth phases of B. cereus and B.
zhangzhouensis consist of a lag phase, a log phase (exponential), and a stationary phase. The
growth of B. cereus and B. zhangzhouensis begins with a lag phase (adaptation phase) which
takes place at 0 - 8 hours and 0 - 16 hours respectively. The lag phase in B. cereus and B.
zhangzhouensis was slow. The shortness or delay of the lag phase is largely determined by the
number of cells inoculated, the appropriate physiological and morphological conditions, and
the required cultivation medium.
The log phase of B. cereus occurs at 8 - 32 hours whereas, in B. zhangzhouensis it occurs
at 16 - 32 hours. The log phase is the phase where cells divide at a constant rate (have been able
to adapt to their environment), doubling. with the same rate, constant metabolic activity, and a
state of balanced growth. The growth rate in this phase is influenced by the growth medium,
pH, nutrient content, temperature, and air humidity.
The stationary phase of B. cereus occurred at 40 - 72 hours whereas, in B. zhangzhouensis
it occurred at 48 - 72 hours of incubation. The stationary phase occurs when the number of cell
growth equals the number of cell deaths. In the stationary phase, secondary metabolite
compounds are produced because the bacteria defend themselves to survive. The production of
secondary metabolites is strongly influenced by environmental conditions, namely a source of
nutrients that function functionally in cells.
The results of the growth curve showed that the growth of B. cereus and B.
zhangzhouensis was slow. Based on previous studies, the growth phase of B. cereus was slow
and the death phase began to show its activity at the 80th hour of incubation. While B.
zhangzhouensis has the same growth phase as B. pumilus, where the death phase begins to show
its activity at 192 incubation hours.
The increase in the amount of bacterial biomass is influenced by several factors, one of
the factors being measured is temperature. B. cereus is a bacterium that can live with a
temperature range of 5 – 50 °C and is able to adapt to various environmental conditions, while
B.zhangzhouensis can live with a temperature range of 8 – 45 °C, with temperatures for optimal
growth in the range of 30 – 37 °C. The temperature used during the measurement of the growth
curve was 30 °C. The temperature range used in the study was included in the temperature
required for B. cereus and B. zhangzhouensis to grow.
3. 2. Inhibition Zone Test (In Vitro)
In vitro test was conducted to determine the ability of B. cereus and B. zhangzhouensis as
a source of antibacterial in inhibiting the growth of A. hydrophila. The ability of antibacterial
compounds to inhibit the growth of A. hydrophila is known by the presence of a clear zone or
also known as the inhibition zone around the disc paper as a bacterial inhibition zone, which is
measured using a calipers in millimeters (mm). The larger the diameter of the inhibition zone,
it means the greater the potential possessed by the antibacterial compound (in this case derived
from the bacteria B. cereus and B. zhangzhouensis) to kill or inhibit the growth of A. hydrophila.
The zone of inhibition is caused by bacteria producing metabolites which are antibacterial
compounds, where these compounds are able to inhibit the development of pathogenic bacteria.
Antibacterial compounds work by disrupting cell wall components, causing plasmolysis which
results in inhibition of growth or death of pathogenic bacteria. Inhibition zone activity is
grouped into four categories, namely <5 mm of weak activity, 5 – 10 mm of moderate activity,
>10 – 20 mm of vigorous activity, and >20 – 30 mm mm of very strong activity.
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b.

a.

Fig. 5. Visualization inhibition zones of B. cereus (a) and B. zhangzhouensis (b).

The results showed that there was an inhibition zone in the positive control treatment
using 4000 ppm chloramphenicol antibiotics, the treatment of the B. cereus and B.
zhangzhouensis test samples, while in the negative control treatment using distilled water, no
inhibition zone was formed (Figure 5). Based on the image above, the negative control using
distilled water does not form an inhibition zone, this shows that distilled water only functions
as a solvent that does not have the ability to inhibit the growth of A. hydrophila.
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Fig. 6. Inhibition zone of B. cereus
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The antibiotic activity of chloramphenicol from the phenicol class in inhibiting the growth
of A. hydrophila was strong, namely 11.103 mm (Figure 6) and 10.18 mm (Figure 7).
Chloramphenicol antibiotic is an antibiotic that is effective against several types of bacteria and
anaerobic germs because it has a broad spectrum. These antibiotics have bacteriostatic activity
and at high doses are bactericidal. Meanwhile, the antimicrobial activity of B. cereus in
inhibiting the growth of A. hydrophila produced a small inhibition zone with an inhibition zone
of 1.663 mm (culture), whereas in B. zhangzhouensis it produced an inhibition zone of 1.090
mm (culture). Based on the results, the antimicrobial activity of B. cereus and B.
zhangzhouensis was in the weak category because the inhibition zone value was ≤ 5 mm, which
was in the range of 1.090 - 1.663 mm.
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Fig. 7. Inhibition zone of B. zhangzhouensis

The results also showed that there was no inhibition zone in the 100% and 50%
supernatant treatments, both for B. cereus and B. zhangzhouensis. This proves that the
antimicrobial activity of B. cereus and B. zhangzhouensis against A. hydrophila shows that the
inhibition zone diameter produced by the treatment on the supernatant is smaller than the culture
treatment. The small zone of inhibition in the supernatant is due to the fact that the supernatant
contains only secondary metabolites, this causes inhibition of pathogenic bacteria which is only
supported by the results of secondary metabolites, but the bacterial cells that produce
metabolites in this case have been separated. In addition, culture isolate fluid contains complete
antimicrobial compounds consisting of primary metabolite compounds and secondary
metabolite compounds. This is what causes the culture isolate fluid to produce a larger diameter
of the inhibition zone on average.
However, based on previous research, it was found that B. cereus does not have an
inhibition zone, which means that B. cereus does not have the ability to inhibit the growth of A.
hydrophila whereas, B. zhangzhouensis has moderate antibacterial activity ranging from ±
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8.4mm. In addition, the resulting inhibition zone values have different diameters depending on
the treatment and incubation time. The resulting inhibition zone diameter at 72 hours after
incubation was greater than the 24 hours and 48 hours incubation period. The length of the
incubation period can determine the size of the diameter of the inhibition zone. The results of
bacterial growth after 48 hours of incubation are more effective because the antibacterial
activity is bacteriostatic so that it can inhibit the growth of microorganisms.
The difference in the inhibition zone can also be due to the difference in inhibiting ability
in each treatment which increases the diffusion power along with the increase in the
concentration of the treatment. The formation of the inhibition zone diameter at each
concentration can be caused by differences in the size of the concentration or the size of the
content of the antibacterial active substances contained therein and the diffusion rate of the
antibacterial compound. Factors that influence the size of the inhibition zone generated in the
diffusion method are the diffusion rate, the nature of the agar media used, the number of
organisms inoculated, the growth rate of bacteria, the concentration of chemicals, and the
conditions during the incubation period. There are other factors that affect the size of the
inhibition zone, namely the length of time the samples are stored in the refrigerator and whether
the containers used to store bacterial samples are tight or not.
Based on the results of the study, some of the antimicrobial activities of B. cereus and B.
zhangzhouensis against A. hydrophila showed that the diameter of the inhibition zone produced
by the supernatant was smaller than the culture. The small value of the inhibition zone in the
supernatant is due to the fact that the supernatant contains only secondary metabolites, this
causes inhibition of pathogenic bacteria which is only supported by the results of secondary
metabolites, but the bacterial cells that produce metabolites in this case have been separated.
Culture isolate fluids contain complete antimicrobial compounds consisting of primary
metabolite compounds and secondary metabolite compounds. This is what causes the culture
isolate fluid to produce a larger diameter of the inhibition zone on average. The greater the
antimicrobial concentration, the faster the diffusion occurs so that the antibacterial power will
be greater and the diameter of diffusion will occur rapidly so that the antimicrobial power will
be greater and the resulting inhibition zone diameter will be wider.
The small value of the inhibition zone in this study could be due to not extracting the
antimicrobial compounds present in B. cereus and B. zhangzhouensis. The factor for the
formation of the inhibition zone is highly dependent on the amount of antibacterial material that
is dripped onto the disc, the solubility of the antibacterial agent on the media, the diffusion
coefficient, and the antibacterial effectiveness. The inhibition zone is getting bigger due to the
large number of extracts that have antibacterial properties that accumulate on the growing
media so that they can further disrupt the process of bacterial growth. Extraction is the process
of separating material from its mixture using a suitable solvent. The choice of extraction method
depends on the properties of the material and compound to be isolated. The existence of this
extraction can increase the results of the inhibitory power test.
The presence of an inhibition zone in B. cereus and B. zhangzhouensis proves that both
bacteria have antibacterial compounds. The genus Bacillus is known to be able to produce
antibacterial compounds such as surfactin, fengycin, iturin, bacitracin, subtilosin, subtilisin,
bacillomycin. B. cereus itself is known to be able to produce the antibacterial compound
basilomycin D. B. zhangzhouensis has a close genetic relationship with B. pumilus by 80%. B.
pumilus has the ability to produce pumilacidin antibacterial which belongs to the surfactin
family and bacitracin which is active against Micrococcus luteus and S. aureus.
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Inhibition of pathogenic bacteria occurs by destroying the cell wall which causes lysis or
inhibiting cell wall growth in growing bacteria, changing the permeability of the cytoplasmic
membrane, causing leakage and nutrients to leave the cell. In addition, bacteria that produce
antibacterial substances can also inhibit protein and nucleic acid synthesis by denaturing
proteins and destroying nucleic acids so that their function as genetic material is lost. In
addition, it can also inhibit the activity of intracellular enzymes that interfere with cell
metabolism. Antibacterial compounds can also increase lysozyme activity. Lysozyme enzymes
are usually used as immunogenic parameters, which work by lysing bacterial cell walls such as
hydrolyzing N-acetylglucosamine and N-acetylmuramic acids in peptidoglycan, with the loss
of these cell walls the bacteria will die.

4. CONCLUSIONS
The results of the growth curve showed that the stationary phase of B. cereus and B.
zhangzhouensis occurred at 36 - 72 hours of incubation, so it can be concluded that the growth
of the two bacteria was slow. B. cereus and B. zhangzhouensis have the ability to inhibit the
growth of A. hydrophila in the weak category. The zone of inhibition of B. cereus and B.
zhangzhouensis against A. hydrophila ranged from 0.7 to 1.6 mm.

References
[1]

Lukistyowati I, Kurniasih. Survival of Common carp (Cyprinus carpio L) Fed Garlic
Extract (Allium sativum) and Infected with Aeromonas hydrophila. Fisheries and
Marine Journal. 2011; 16(02): 144–60

[2]

Haryani A, Grandiosa R, Buwono ID, Santika A. Effectiveness of Papaya Leaf (Carica
papaya) for Treatment of Aeromonas hydrophila Infection in Goldfish (Carassius
auratus). Fisheries and Marine Journal. 2012; 3(1): 213–20

[3]

Dewi A. A. S, Widdhiasmoro NP, Nurlatifah I, Riti N, Purnawati D. Antibiotics
Residues in Food of Animal Origin, Impact and Prevention Efforts. Buletin Veteriner.
2014; XXVI (85): 1–10

[4]

Mulyani Y, Aryantha INP, Suhandono S, Pancoro A. Intestinal Bacteria of Common
carp (Cyprinus carpio L.) as A Biological Control Agent for Aeromonas. Journal of
Pure and Applied Microbiology. 2018; 12(2): 601–610

[5]

Napitulu GH, Rumengan IF., Wullur S, Ginting E., Rimper JRTS., Toloh BH. Bacillus
sp. As a Decomposition Agent in The Maintenance of Brachionus rotundiformis Which
Uses Raw Fish As a Source of Nutrition. Scientific Journal Platax. 2014; 2(1): 25–32

[6]

Villain S, Luo Y, Hildreth M, Brozel V. Analysis of the Life Cycle of the Soil
Saprophyte Bacillus cereus in Liquid Soil Extract and in Soil. Applied Environmental
Microbiology. 2006; 72(7): 4970–7

[7]

Sumi CD, Yang BW, Yeo IC, Hahm YT. Antimicrobial Peptides of The Genus
Bacillus: A New Era for Antibiotics. Canadian Journal of Microbiology. 2015; 61(2):
93–103. dx.doi.org/10.1139/cjm-2014-0613
-197-

World Scientific News 158 (2021) 187-200

[8]

Walim Lili, Resvi Gumilar, Atikah Nurhayati, Rosidah, Effectivity of Solution
Mangosteen Rind (Garciana mangostana) as Medicine for Black Tilapia Juvenile
(Oreochromis niloticus Bleeker) when Infected by Aeromonas hydrophila. World
Scientific News 133 (2019) 56-70

[9]

Rosidah, Maria Dewi Yunita, Isni Nurruhwati, Achmad Rizal, Histopathological
changes in gold fish (Carassius auratus (Linnaeus, 1758)) infected by Aeromonas
hydrophila bacteria with various densities. World Scientific News 142 (2020) 150-168

[10] Afifah Shabirah, Rosidah, Yuniar Mulyani, Walim Lili, Effect of Types Isolated Lactic
Acid Bacteria on Hematocrit and Differential Leukocytes Fingerling Common Carp
(Cyprinus carpio L.) Infected with Aeromonas hydrophila bacteria. World News of
Natural Sciences 24 (2019) 22-35
[11] Suriani, Muis A. Prospect of Bacillus subtilis as a Biological Control Agent of
Soilborne Pathogens on Maize. Agricultural Research and Development Journals.
2016; 35(1): 37
[12] Fitri N. Antimicrobial Peptides as An Alternative Drug in Antibiotic Resistance. Center
for Biomedical and Basic Health Technology. 2012; 62–7
[13] Achi S, Halami PM. Antimicrobial Peptides from Bacillus spp.: Use in Antimicrobial
Packaging. Antimicrobial Food Packaging. 2016. 527–537 p. dx.doi.org/10.1016/B9780-12-800723-5.00043-7
[14] Maier RM, Pepper IL, Gerba CP. Environmental Microbiology. 2nd Edition. Academic
Press Elsevier, UK. 2009.
[15] Warsi, Sulistyani N. The Optimization of Secondary Metabolite Production Time and
Screening Antibacterial Activity of Actinomycetes Isolate from Tin Plant Rizosfer
(Ficus carica). Journal of Laboratory Technology. 2018; 7(1): 15.
dx.doi.org/10.29238/teknolabjournal.v7i1.120
[16] Akhmad Hidayatulloh JG, Harlia E. Potential of Metabolites Compounds Produced by
Lactobacillus plantarum ATCC 8014 as Biopreservatives and Anti-bacterial Materials
in Animal Food Products. JITP. 2019; 7(2): 1–6
[17] Marjayandari L, Shovitri M. Bacterial Potential Bacillus sp. in Degrading Plastics. ITS
Journal of Science and Art. 2015; 4(2): 2–5. 2337-3520
[18] Faizah LN, Budiharjo A, Kusdiyantini E. Optimization of Growth and Antagonistic
Potential of Bacillus pumilus against Xanthomonas campestris Pathogens as well as
Molecular Identification Coding Genes of PKS and NRPS. Journal of Biology. 2017;
6(1): 38–48
[19] Jaysree RC, Basu S, Singh PP, Ghosal T, Patra PA, Keerthi Y, et al. Isolation of
Biosurfactant Producing Bacteria from Environmental Samples. Pharmacologyonline.
2011; 3: 1427-1433
[20] Mulyani Y, Bachtiar E, Kurnia M. U. The Role of Secondary Metabolite Compounds of
Mangrove Plants on Aeromonas hydrophila Bacterial Infection in Common carp
(Cyprinus carpio L.). Aquatic Journal. 2013; IV(1): 1–9

-198-

World Scientific News 158 (2021) 187-200

[21] Sulistijowati R. Potential of Lactobacillus acidophilus ATCC 4796 as A Biopreservative
in Mackerel Tuna Fish Stew. IJAS. 2012; 2 (2012): 58–63
[22] Setyati WA, Martani E, Triyanto, Subagyo, Zainuddin M. Growth kinetics and 36K
Isolate Protease Activity of Mangrove Ecosystem Sediment Karimunjawa, Jepara.
Marine Science. 2015; 20(3): 163–9
[23] Singh V, Haque S, Niwas R, Srivastava A, Pasupuleti M, Tripathi CKM. Strategies for
Fermentation Medium Optimization: An In-Depth Review. Frontiers in Microbiology.
2017; 7 (2087): 1–16. doi: 10.3389/fmicb.2016.02087
[24] Zulfahana Amatulloh, Yuniar Mulyani, Lantun Paradhita Dewanti, Kiki Haetami,
Growth Characteristics and Tracing Antagonistic Properties of Bacillus flexus and
Bacillus subtilis as Antibacterials to Overcome the Attack of Aeromonas hydrophila
Bacteria on Fish. World Scientific News 158 (2021) 91-104
[25] Mahjani, Putri DH. Growth curve of endophyte bacteria Andalas (Morus macroura
Miq.) B.J.T. A-6 Isolate. Serambi of Biology. 2020; 5(1): 29–32
[26] Liu Y, Lai Q, Du J, Shao Z. Bacillus zhangzhouensis sp. nov. and Bacillus australimaris
sp. nov. International Journal Systematic Evolutionary Microbiology. 2016; 66(3):
1193–9. doi: 10.1099/ijsem.0.000856
[27] Morales G, Sierra P, Mancilla A, Paredes A, Loyola LA, Gallardo O, et al. Secondary
Metabolites from Four Medicinal Plants from Northern Chile: Antimicrobial activity
and Biotoxicity against Artemia salina. Journal of the Chilean Chemical Society. 2003;
48(2): 13–8.
[28] Dewi AK. Isolation, Identification and Sensitivity test of Staphylococcus aureus
Against Amoxicillin of the Milk Sample in the Mastitis Crossbreed Ettawa Goat at
Girimulyo Area, Kulonprogo, Yogyakarta. Veterinary Science Journal. 2013; 31(2):
138–50
[29] Septiani S, Dewi EN, Wijayanti I. Antibacterial Activities of Seagrass Extracts
(Cymodocea rotundata) Against Staphylococcus aureus and Escherichia coli.
Indonesian Journal of Fisheries Science and Technology. 2017; 13(1): 1
[30] Ariyanti NK, Darmayasa IBG, Sdirga SK. The Inhibition of Aloe (Aloe barbadensis
Miller) Rind Extract to The Growth of Bacteria Staphylococcus aureus ATCC
25923DAN Escherichia coli ATCC 25922. Journal of Biology. 2013; 16(1): 1–4
[31] Afriani N, Yusmarini, Pato U. Antimicrobial Activity of Lactobacillus plantarum 1
Isolated From Sago Starch Processing Industry Against Bacterial Pathogens Escherichia
coli FNCC-19 and Staphylococcus aureus FNCC-15. JOM FAPERTA. 2017; 4(2): 1–12
[32] Kasi PD, Ariandi, Mutmainnah H. Antibacterial Test of Lactic Acid Bacteria Isolated
from Sago Wastewater against Pathogenic Bacteria. Journal of Biotropics. 2017; 5(3):
97–101
[33] Lingga AR, Pato U, Rossi E. Antibacterial Test of Kecombrang (Nicolaia speciosa
Horan) Stem Extract Againts Staphylococcus aureus dan Escherichia coli. JOM
FAPERTA. 2016; 3(1): 5–11

-199-

World Scientific News 158 (2021) 187-200

[34] Mukhriani. Extraction, Separation of Coumpounds, and Identification of Active
Coumpounds. J Pharm. 2011; 7(2): 361–7
[35] Dong Y, Liu J, Pang M, Du H, Wang N, Awan F, Lu C, Liu Y. CatecholamineStimulated Growth of Aeromonas hydrophila Requires the TonB2 Energy Transduction
System but Is Independent of the Amonabactin Siderophore. Front Cell Infect
Microbiol. 2016 Dec 12; 6: 183. doi: 10.3389/fcimb.2016.00183
[36] Kabwe M, Brown T, Speirs L, Ku H, Leach M, Chan HT, Petrovski S, Lock P, Tucci J.
Novel Bacteriophages Capable of Disrupting Biofilms From Clinical Strains of
Aeromonas hydrophila. Front Microbiol. 2020 Feb 14; 11: 194. doi:
10.3389/fmicb.2020.00194
[37] van Bel N, van der Wielen P, Wullings B, van Rijn J, van der Mark E, Ketelaars H,
Hijnen W. Aeromonas species from non-chlorinated distribution systems and their
competitive planktonic growth in drinking water. Appl Environ Microbiol. 2020 Dec 11;
87(5): e02867-20. doi: 10.1128/AEM.02867-20
[38] Seshadri R, Joseph SW, Chopra AK, Sha J, Shaw J, Graf J, Haft D, Wu M, Ren Q,
Rosovitz MJ, Madupu R, Tallon L, Kim M, Jin S, Vuong H, Stine OC, Ali A,
Horneman AJ, Heidelberg JF. Genome sequence of Aeromonas hydrophila ATCC
7966T: jack of all trades. J Bacteriol. 2006 Dec; 188 (23): 8272-82. doi:
10.1128/JB.00621-06
[39] Payelleville A, Brillard J. Novel Identification of Bacterial Epigenetic Regulations
Would Benefit From a Better Exploitation of Methylomic Data. Front Microbiol. 2021
May 14; 12: 685670. doi: 10.3389/fmicb.2021.685670
[40] Kabwe M, Meehan-Andrews T, Ku H, Petrovski S, Batinovic S, Chan HT, Tucci J.
Lytic Bacteriophage EFA1 Modulates HCT116 Colon Cancer Cell Growth and
Upregulates ROS Production in an Enterococcus faecalis Co-culture System. Front
Microbiol. 2021 Mar 31; 12: 650849. doi: 10.3389/fmicb.2021.650849
[41] Datta FU, Daki AN, Benu I, Detha AIR, Foeh NDFK, Ndaong NA. Identification of
Antimicrobial Activity of Lactic Acid Bacteria from Rumen Fluid on Pathogenic
Bacteria Salmonella Enteritidis, Bacillus cereus, Escherichia coli and Staphylococcus
Using Agar Well Diffusion. Proceedings of The VII National Seminar at Nusa Cendana
University. 2019; 66–85. ISBN: 978-602-6906-55-7

-200-

