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Shrimp diseases caused by Vibrio spp. remain a major constraint in
aquaculture, necessitating the exploration of alternative antibacterial
agents from natural sources. This study aimed to determine the
proportion and antibacterial activity of bacterial isolates derived from the
intestines of mantis shrimp. Samples were collected from Jepara,
Pemalang, and Cilacap waters using a purposive sampling approach. The
research methods included bacterial isolation, morphological
characterization, and screening of antivibrio activity. Antibacterial
activity was evaluated against Vibrio parahaemolyticus, Vibrio
alginolyticus, and Vibrio harveyi using dotting and disc diffusion
methods. The results showed that 27% of isolates from Jepara, 44% from
Pemalang, and 16% from Cilacap exhibited antivibrio activity. The
inhibition zones ranged from 1.1-11.0 mm against V. parahaemolyticus,
3.3-9.0 mm against V. alginolyticus, and 2.2-11.8 mm against V.
harveyi. These findings indicate that intestinal bacteria of mantis shrimp
from all sampling locations possess antibacterial activity against Vibrio
spp., highlighting their potential as promising candidates for the
development of biocontrol agents in sustainable aquaculture systems.
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Introduction

life, which is found in several regions, such

Indonesia is a tropical archipelago
country with a diverse range of plants and
animals. This wealth of flora and fauna has
been widely utilized in various aspects such
as food science and biotechnology
(Bappenas, 2024). Water is one of the riches
that has been widely utilized, ranging from
marine waters to freshwater with various
kinds of biota in it (Darajati ef al., 2016). The

Mantis shrimp is one of the abundant marine

as the north coast of Java, the Strait of
Malacca, and the Pacific Ocean (Ahyong et
al., 2008). Research conducted by Luthfiani
et al. (2018) on the composition of fish
species from bycatch from trawls in Tambak

Lorok, Semarang, found that 5.67% of the

results were Ronggeng/mantis shrimp
(Harpiosquilla sp.).
Mantis shrimp have a diverse

digestive tract that is very interesting to
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study. Currently, research on the types and
species of bacteria in shrimp intestines is still
limited. However, there is research related to
isolation from other shrimp species. For
example, research conducted by Widanarni et
al. (2012) describes a bacterial isolate from
the intestines of whiteleg shrimp cultivated in
intensive ponds. This bacterial isolate is
effective in inhibiting the attack of Vibrio
harveyi bacteria. Furthermore, Haliza &
Elviantari (2024) investigated bacterial
isolation from the hepatopancreas of sand and
rock lobsters collected from natural waters.
Their findings revealed that the isolates
exhibited antibacterial activity against
Pseudomonas aeruginosa and Escherichia
coli.

Shrimp are inhabited by interacting
microorganisms, including the pathogen
Vibrio (Fu et al., 2024). Certain Vibrio
species can damage the shrimp's digestive
tract, which then decays, forming aggregates
and mixing with feces, causing white feces
(WFD) (Zorriehzahra &
Banaederakhshan, 2015). Shrimp infected

disease

with this disease will experience symptoms
such as decreased appetite, the appearance of
white droppings floating in controlled culture
media such as ponds, and the shrimp's
intestines will appear white and empty

(Marbun et al., 2019). A severe infection

damages the mucosa lining of the intestinal
tract, allowing bacteria to enter the
hemolymph and cause death (Kaemudin et
al., 2016).

The toxin released by the Vibrio
parahaemolyticus bacteria causes damage to
gastric and  hepatopancreatic  tissue.
Furthermore, this toxin damages hemocytes,
leading to a decrease in their number
(Luangtrakul et al, 2021). For example,
Vibrio parahaemolyticus bacteria were once
reported to cause AHPND (Acute
Hepatopancreatic Necrosis Disease), an
outbreak in China in 2009 that resulted in up
to 100% shrimp mortality (Tran ef al., 2013).
Furthermore, a study by Pratama et al. (2014)
found that shrimp infected by Vibrio harveyi
bacteria died within 24-48 hours of infection.

Before research on antibacterials,
farmers used antibiotics to fight bacteria that
attacked  organisms  in  cultivation.
Continuous use of antibiotics caused bacteria
to develop mechanisms to defend themselves
from antibiotic exposure. As a result, the
bacteria became stronger and less responsive
to antibiotics given as treatment, or resistant
to antibiotics (Walewangko et al., 2015).
Research by Fitri et al. (2020) indicates that
8 out of 32 Vibrio sp isolates tested were

resistant to antibiotics. There are three known

types of resistance: the first, non-genetic
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Figure 1. Mantis Shrimp Sampling Location

resistance, found in bacteria in an inactive or
resting state. The second, genetic resistance,
is a spontaneous gene mutation unaffected by
antibacterials. Third, cross-resistance is the
resistance of bacteria to a particular antibiotic
and other antibiotics that have almost the
same structure (Wibowo et al., 2011). One
alternative solution to overcome this problem
is to use compounds from other organisms
that can be used as antibacterials (Annisa et
al., 2015). Consequently, it is necessary to
conduct research related to the antibacterial
activity of the results of isolation from the
intestinal tract of mantis shrimp against
Vibrio bacteria.
Materials and methods
Time and Place of Research

The research was conducted from

August 2023 to November 2024. Shrimp

samples were collected at Jepara Port,
Pemalang Port, and Cilacap Port (Figure 1).
Preparation of tools and materials, as well as
antibacterial activity testing, were carried out
at the Research Laboratory of the Faculty of
Fisheries and Marine Sciences, Jenderal
Soedirman University, Purwokerto.
Research Methods

The method used in this study was
observation. The sampling technique used
was purposive sampling. This purposive
sampling method is a sampling process
carried out with certain considerations. The
variable in the study was the antivibrio
activity index.
Research Procedures

In general, the research procedure is
presented in the form of a research diagram

in Figure 2. Samples were collected directly
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from fishermen operating at Jepara Port,
Pemalang Port, and Cilacap Port. A total of
five mantis shrimp individuals were obtained
from each location, resulting in 15 samples
overall. The sampled individuals were
selected based on healthy condition, without
visible signs of disease or physical damage.
The size of the shrimp varied depending on
the catch, ranging from small to large
individuals. All collected shrimp were then
placed in a cool box and transported to the
laboratory for further processing.
Tools Preparation

The tools used in the research, such as
petri dishes, test tubes, measuring cups, and
spatulas, were first washed and dried using an
oven. Meanwhile, the tips were placed in tip
boxes and the microtubes were placed in
glass bottles, then closed and wrapped. Wrap
the tools to be used in white paper. The tools

and materials to be used were placed in an

autoclave for the sterilization process.
Sterilization was carried out for 20 minutes at
a temperature of 121°C with a pressure of 2
atm (Ihtifazhuddin et al., 2016). After the
autoclave was complete, the tools were
removed from the autoclave and were ready
for use.
Bacterial Isolation

Before removing the intestines,
shrimp are first sprayed with alcohol,
rubbed on their bodies, and then sterilized.
The shrimp were then dissected using
sterile surgical scissors from the dorsal to
the anus. After that, the intestines were
gently removed using sterile tweezers and
placed in a dish. Gently massaging the
area with sterile tweezers will remove any
dirt. After that, the intestines were
weighed at 1 g and then ground using a
mortar and pestle until smooth and
sterile

suspended in physiological
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solution, and homogenized using a vortex.
After that, serial dilutions were carried
out by adding 0.5 mL of the sample
suspension into 4.5 mL of physiological
solution in the first tube (107! dilution)
and homogenized using a vortex. Then,
0.5 ml was taken from the first tube and
homogenized in the second tube (102
dilution), and this procedure was repeated
until the third tube (107 dilution). The
results from the 10! to 10 dilutions were
taken as much as 0.2 mL each and
cultured using the spread plate method on
TSA media. The bacteria must be
incubated at 28°C for 18-24 hours in order
to grow.
Bacterial Abundance Calculation

The total number of colonies of
bacteria grown after an incubation period of
18-24 hours was then counted on each TSA
medium, from a 10! to a 10~ dilution, using
a colony counter. After the number of
colonies on each TSA medium was obtained,
bacterial abundance was calculated using the
total plate count (TPC) method using the
formula (Madigan et al., 2006).

1 1
* Culture Volume * Sample Weight

1
Number of Bacteria (CFU/g) = Numberof Colony poes

Morphological Observation
After incubation for 18-24 hours, 25
single colonies were selected that were

visibly distinct. The bacterial colonies were

then observed macroscopically and the
results recorded. Morphology observed
included colony shape, margins, elevation,
texture, color, and size (Suryani & A'yun,
2022). The selected bacteria were then
stocked using the streak plate technique on
TSA media.
Preparation of Vibrio sp. Bacteria

The Vibrio sp. bacteria used include
Vibrio parahaemolyticus, Vibrio
alginolyticus, and Vibrio harveyi. Vibrio
strains used in this study were obtained
from the Research Laboratory Collection
of the Faculty of Fisheries and Marine
Sciences, Jenderal Soedirman University.
The Vibrio sp. bacterial strains were
activated by taking 0.5 pL of the Vibrio sp.
bacterial strain from the stock and then
putting it into TSB (Tryptic Soy Broth)
media and then incubated for 18-24 hours
in an incubator shaker. The growth of
bacteria in TSB media is indicated by
changes in the turbidity of the media.
Media that looks more turbid than before
the incubation time indicates that the
cultured bacteria are growing in that media
(Basir et al., 2023).
Antivibrio Testing of Bacterial Isolates
from Mantis Shrimp Intestines

The  morphologically  observed

bacterial isolates were tested for antivibrio
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activity, including Vibrio parahaemolyticus,
Vibrio alginolyticus, and Vibrio harveyi. The
method used was the dotting method or by
spotting bacteria on agar media using a loop
needle as done by Pamungkas et al., (2018).
The test was carried out by dropping 100ul of
Vibrio Sp. bacterial pellets with a density of
6 x 108 CFU/mL and spreading them using an
L rod on the growth media, then waiting for
3 minutes until the Vibrio bacteria were
absorbed into the media. After that, 1 loop of
bacteria was taken and dotted on the media
containing Vibrio sp. bacteria. The petri dish
was then wrapped until the gap between the
lid and the dish was tightly closed. Then the
bacteria were incubated at 28°C for 48 hours.
Observe and measure the inhibition zone
formed with a caliper as the value of

antivibrio  activity. The formula for

@ Inoculated agar plate

Kirby Bauer
Disc Diffusion
Method

Zone of inhibition

@ Addition of antibiotic discs

Incubation

_' - ° of inhibition

Antimicroblal disc

Bacterial growth

calculating the antibacterial activity value

uses the following formula (Tokasaya, 2010).
Bacterial activity value = Total zone diameter — disc paper diameter

Then, the presentation of anti-vibrio
bacteria can be calculated using the following
formula (Sinatryani, 2014).

Number of anti - vibro bacteriol colonias obtained
Percentags of Anti - Vibrio Bacteria (%) =

Total number of colonies observed

Screening of Antivibrio Activity of
Bacteria from Mantis Shrimp Intestine
Bacterial antivibrio activity was
carried out against several Vibrio strains such
as Vibrio parahaemolyticus, Vibrio harveyi,
and Vibrio algino. Anti-Vibrio activity was
tested using the Kirby Bauer agar diffusion
method with disc paper, as in the journal
written by Hitijahubessy et al. (2022). Test
preparation began by culturing vibrio stained
bacteria on TSB media and then incubating

for 24 hours at 28°C. Vibrio bacteria with a

@ Measurement

e of the zone

Figure 3. [llustration of Antibacterial Activity Testing with the Kirby Bauer Method
(Aryal, 2022).
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density of 10° were then swabbed evenly on
the TSA media using a sterile cotton bud and
left for 3-5 minutes so that the suspension
could absorb into the media (Mayaserli &
Shinta, 2021). Bacterial isolates with a
density of 106 were inserted into a blank disk
measuring 5 mm with 5 pl and left to absorb.
Paper disks containing bacterial isolates were
placed on TSA media containing Vibrio
bacteria and then incubated at 28°C for 48
hours (Radjasa et al., 2004). The antibiotic
ampicillin (30 mg) was used as a positive
control. The diameter of the resulting
inhibition zone was measured to determine
the antivibrio activity of the bacterial isolates
from the intestines of mantis shrimp (Burgess
et al, 2003). An illustration of the
antibacterial activity test can be seen in the

following figure 3.

Data Analysis

The data obtained from the research
included bacterial abundance, colony
morphology, and antivibrio activity index.
The data was presented in figures, tables,
and graphs, then analyzed descriptively
and compared with the literature.
Results and Discussion
Abundance of Bacteria in the Intestines of

Mantis Shrimp

The abundance of bacteria isolated
from the mantis shrimp intestines varied
across sampling locations. The highest
bacterial abundance was found in samples
collected at Jepara Port, while the lowest
was found in Pemalang Port. The
abundance of bacteria isolated from the

mantis shrimp intestines can be seen in the

Abundance of Bacteria in the Intestines of Mantis Shrimp
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following figure.

The abundance of bacteria in each
location was within normal limits. The
maximum abundance threshold for Vibrio
bacteria in public waters and shrimp
bodies did not exceed 10° CFU/ml
(Taslihan et al, 2015). Bacteria that
reside in the shrimp intestines include
lactic acid bacteria and Vibrio bacteria.
Lactic acid bacteria play a role in the
digestion process and maintain the
balance of bacterial density in the
digestive tract (Atlas & Bartha, 1993).
Lactic acid bacteria can suppress the
presence of pathogenic bacteria such as
Vibrio by competing for space in the
shrimp digestive tract. According to
Widanarni et al., (2012) the presence of
probiotics (Bacillus sp.) was able to
suppress the abundance of Vibrio sp.
bacteria in the shrimp intestines.
Therefore, the abundance of lactic acid
bacteria and the abundance of Vibrio

bacteria in the intestines are interrelated.

The abundance of bacteria in the
intestines of mantis shrimp is thought to
be influenced by the environment. Under
certain temperature conditions, only a
small proportion of bacteria can actively
participate in the digestive tract (Lesel,

1990). Bacteria in water can attach to food

and enter the shrimp's digestive tract
(Wulandari, 2013). If bacteria are tolerant
to alkaline or acidic environments or have
the ability to adhere to the intestines, they
are likely to survive in the shrimp's
intestines (Wijayanto, 2009). Each type of
food consumed can carry different types
of bacteria. Furthermore, bacterial
abundance in the shrimp intestines may
be higher because the intestines are
located along the dorsal abdomen and
serve as a food channel leading to the anus

(Ardiani, 2011).

According to various studies,
environmental factors such as
temperature, salinity, pH, and oxygen also
influence the microbiome in the digestive
tract, one of which is bacteria. Extreme
water changes can lead to an increase in
pathogenic bacteria such as Vibrio.
Consequently, shrimp will have difficulty
selecting bacteria, resulting in a change to
the digestive tract microbiome's diversity
and balance. According to Sukenda et al.,
(2022), the abundance and diversity of
bacteria in the intestines of normal shrimp
were relatively higher than those of
shrimp affected by WFD.

Morphology of Bacteria in the Intestine of
Mantis Shrimp
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Morphological  characterization
was performed by observing the color,
shape, size, edges, and -elevation of
different bacteria. Observations of
bacterial colony characteristics were
based on Bergey's Manual of
Determinative Bacteriology (Holt et al.,
2000). The morphology of bacterial
colonies obtained in this study tended to
vary. Sixty-seven bacterial isolates were
obtained and then categorized into 60
different types. These categories were
created based on differences in the
characteristics of bacterial colonies. Most
of the bacteria obtained were circular and
white in color. Bacterial colony sizes
ranged from small to large, medium, and

punctiform.

Different bacterial shapes are

characteristic of a bacterial species.

According to Ilyas (2001) and Waluyo
(2009), age, environmental factors
(abiotic and biotic), growth media, and
temperature will affect the shape of
bacterial colonies. The color of bacteria
can vary depending on the media used. In
common media such as TSA, most
bacteria are white, yellowish, gray, or
almost clear. The difference in color of
each bacterial colony is influenced by
several factors, such as temperature, pH,
and free oxygen (Waluyo, 2009). The
color of bacteria is produced by pigments
such as anthocyanin, melanin (black,
brown, and orange), carotenoids (red and
yellow), tripirylmethene, and phenazine
(red orange, yellow orange, and dark
orange) (Safrida et al., 2012). Research
conducted by Wiguna et al. (2016) shows
that carotenoids react with porins

(transmembrane proteins), which

Proportion of Bacteria with Antimicrobial Activity

M Jepara

 19%

Cilacap

Figure 5. Percentage Diagram of Bacteria that have Antibacterial Activity
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ultimately inhibits bacterial growth. High
concentrations of carotenoid pigment
extracts showed greater antibacterial
activity.

Percentage and Antivibrio Activity of

Bacterial Isolates in Shrimp Intestines

The results of the antivibrio
activity test of bacteria showed that of the
67 bacterial isolates isolated from mantis
shrimp, 18 of them had antivibrio activity.
The number of isolates with antivibrio
activity reflects the percentage of
antivibrio bacteria found in the intestines
of mantis shrimp. The highest percentage
of antivibrio bacteria was found in shrimp
caught from Pemalang waters, followed
by shrimp caught from Jepara waters and

from Cilacap waters. The percentage of

10

bacteria with antivibrio activity in this

study is presented in the following graph.

This percentage difference is based
on the total number of colonies obtained and
the weight of the shrimp obtained.
Antibacterial activity is influenced by
several factors, such as the concentration or
density of the bacteria tested, the metabolite
content, and the type of bacteria inhibited
(Jawetz et al., 1996). Typically, the higher
the concentration or density of the bacteria
used, the greater the ability to inhibit

bacterial growth (Lestari et al., 2016).

The antibacterial activity
produced can be seen through the clear
zone formed around the disc. The larger
the clear zone formed, the stronger the

antibacterial activity produced by the
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Table 1. Antibacterial Activity Value against Vibrio parahaemolyticus Bacteria

Vibrio parahaemolyticus

Sample Code Mean+Stadev (mm) Category
Ul U2 U3 U4

UMJ 1.3 11,2 10,6 8,7 13,6 11,0£2,0 Strong
UMIJ 1.6 1,9 1,1 1 1,1 1,3+0,4 weak
UMIJ 1.11 1,5 2,4 1,6 2,5 2,0+0,5 weak

UMJ 1.13 4,8 39 5,1 8,2 5,5+1,9 moderate
UM 16 33 5,6 3,2 1,3 3,4+1,8 weak
UM 25 2,3 1,5 0,3 0,4 1,1+1,0 weak

UMP 16 8,2 9,2 4.5 6,1 7,0+2,1 moderate
UMP 21 1,6 4,8 53 33 3,8+1,7 weak
UMP 22 5 3,7 1 3,7 3,4+1,7 weak
UMP 25 4,3 2,7 2,2 2,5 2,9+0,9 weak

bacteria in inhibiting or killing pathogenic
bacteria (Sari et al., 2018). Inhibition
zones can be divided into two, namely the
radical inhibition zone and the irradical
inhibition zone. The radical inhibition
zone is a clear zone or a zone where there
is no bacterial growth around the disc.
The activity of the antimicrobial
inhibition zone is grouped into four
categories, namely: weak (<5 mm),
moderate (5-10 mm), strong (>10-20 mm),
and very strong (>20-30 mm) (Morales et
al., 2003). Meanwhile, the irradical
inhibition zone is a clear zone formed
around the well but still contains resistant
or surviving bacterial colonies because
inhibited
(Martsiningsih et al., 2023). The results of

they are not completely

antibacterial activity testing using the disc

11

diffusion method can be seen in the

following image.

The antibiotic ampicillin was used
as a positive control to determine whether
the tested bacteria could inhibit their
growth or whether they were resistant to
antibacterial agents. Ampicillin is capable
of inhibiting both gram-negative and
gram-positive bacteria by inhibiting the
bacterial cell wall (Rakasiwi et al., 2023).
The tested bacterial isolates secrete
bioactive compounds that can inhibit or
suppress the growth of Vibrio bacteria.
These bioactive compounds damage the
structural components of the cell wall in
Vibrio bacteria. The inhibition of bacterial

growth and the formation of a clear zone

around the test bacteria indicate that the
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Table 2. Antibacterial Activity Value against Vibrio alginolyticus Bacteria

Sample Vibrio alginolyticus MeanztStadev
Code Ul U2 U3 U4 (mm) Category
UMIJ 1.12 3,9 6,5 2.4 2,7 3,9+1,9 weak
UMIJ 2.6 9,7 12,1 5,7 8,4 9,0+2,7 moderate
UMIJ 2.15 3,6 5,7 5,5 5,9 5,2+1,1 moderate
UM 8 4,3 4.4 3,2 1,1 3,3+1,5 weak
UM 20 8,4 4,3 5,1 4,9 5,7+1,8 moderate
UM 25 6,5 9.4 7,7 8,4 8,0+1,2 moderate
Table 3. Antibacterial Activity Value against Vibrio harveyi Bacteria
Sample Code Vibrio harvey! Mean+SD (mm) Category
Ul U2 U3 U4
UMIJ 1.12 12 15,3 8,6 11,1 11,8+2,8 Strong
UMJ 1.15 3,5 1,5 1,6 2,2+1,1 Weak
UMP 12 43 35 8,7 4,9 54423 moderate
UMS 6,5 4,2 3,6 4,9 4,8+1,3 weak

test bacteria are antagonistic to Vibrio
bacteria. The inhibition zones formed by
each test bacterium vary in size. This is
because the bioactive compounds
produced by each bacterium also vary

(Situmeang et al., 2017).

Antibacterial compounds can be
bactericidal or bacteriostatic. Bacteria are
bactericidal if the antibacterial compound
they produce is able to kill the pathogenic
bacteria being tested. The results of this test
are seen through the formation of a clear
bacteria  inhibit

zone. Bacteriostatic

bacterial growth by inhibiting their growth

12

(Van Haren et al., 2007). This is indicated
by bacteria growing around the disc not
being fertile or being crowded out by
bacteria (Lalamentik &

Wewengkak, 2017). The type of cell wall

antagonistic

possessed by bacteria can also vary. Data on
the results of the inhibition zone and zone of
no growth, measured in mm using a caliper,

can be seen in the following table.

In this study, bacterial isolates were
obtained that formed inhibition zones and
zone of no growth. The bacterial isolates
that formed the zone of no growth were

isolates UMIJ 1.3, UMJ 1.13, and UM 25 in
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the test against Vibrio parahaemolyticus
bacteria, then isolates with the code UM 8,
UM 20, and UM 25 in the test against Vibrio
alginolyticus bacteria, and isolates with the
code UM 8 in the test against Vibrio harveyi
bacteria. The best activity value was owned
by the bacterial isolate with the code UM
1.3 which could kill Vibrio
parahaemolyticus bacteria in the strong

category.

Additionally, the antivibrio activity
of each isolate falls into the weak to
moderate category. Meanwhile, the isolates
that formed inhibition zones were isolates
UMJ 1.6,UMJ 1.11, UM 16, UMP 21, UMP
22, and UMP 25 in the test against Vibrio
parahaemolyticus bacteria, then isolates
with the code UMJ 1.12, UMJ 2.6, and UMJ
2.15 in the test against Vibrio alginolyticus
bacteria, and isolates with the code UMJ
1.12, UMJ 1.15, and UMP 12 in the test
against Vibrio harveyi bacteria. The
difference in inhibition zones is influenced
by several factors such as the speed of
antimicrobial diffusion, the degree of
bacterial sensitivity, and the speed of

bacterial growth (Soleha, 2019).

Furthermore, the ability of test
bacteria to inhibit pathogenic bacteria is
influenced by the food or carbon source

they receive during the culture period.

13

The carbon source or nutrients in the agar
medium influence bacterial growth rate
and metabolism (Rinihapsari et al., 2023).
Bacteria can utilize the nutrients in the
culture medium as growth factors or to
produce bioactive compounds that inhibit
the growth of pathogenic bacteria (Radji,
2019). The salinity level of the medium
also plays a significant role because the
bacteria tested originate from marine

biota (Hamidah ez al., 2019).

Bacteria have cell walls composed

of phospholipids and an autolayer
(several types of proteins). Peptidoglycan
1s present between the outer and inner
membranes in small amounts. Therefore,
the cell wall of Vibrio bacteria is not
easily denatured, unlike that of gram-
positive bacteria, because its cell wall is
composed of polysaccharides (Helmiyati
& Nurrahman, 2010). Based on
differences in inhibition zones formed by
each test bacterium, it appears that the
bacteria are capable of inhibiting Vibrio
bacterial growth and colonization. This
can be influenced by the bacteria's ability
to adhere, and

move (motility),

chemotaxis to nutrients and organic

matter (Imada et al., 2007).

Every bacterial species has a

different growth cycle, which includes the
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log phase and the early stationary phase
in producing antibacterial compounds.
Typically, bacteria will produce these
compounds optimally during the 24-hour
and 48-hour incubation periods (Pratiwi,
2008). With longer incubation times, the
bacteria's ability to produce antibacterial
compounds can decrease because after
that time, the bacteria can form and
activate proteases or other inactivators
that reduce antibacterial activity (Hoover
& Steenson, 1993). Incubation
temperature also affects the bacterial
growth cycle on the plate. Lowering the
incubation temperature below the
maximum temperature and the maximum
incubation time can prolong the lag phase
of growth (Jiwintarum et al., 2021).

Conclusion

The results of the research showed
that 27% of Jepara bacteria have antivibrio
activity, 44% of Pemalang bacteria have
antivibrio activity, and 16% of Cilacap
bacteria have antivibrio activity. The
antivibrio activity values obtained from the
three locations are 1.1-11.0 mm against
Vibrio parahaemolyticus bacteria, 3.3-9.0
mm against Vibrio alginolyticus bacteria, and
2.2-11.8 mm against Vibrio harveyi bacteria.
The highest antibacterial activity values
Vibrio

against Vibrio parahaemolyticus,

14

alginolyticus, and Vibrio harveyi bacteria
were owned by isolates UMJ 1.3, UMJ 2.6,
and UMJ 1.12, respectively.

References

Ahyong, S. T., Chan, T.-Y., & Liao, Y.-C.
(2008). 4 catalog of the mantis shrimp
(Stomatopoda) of Taiwan. National
Taiwan Ocean University.
https://www.vliz.be/imisdocs/publicatio
ns/245752.pdf

Annisa, N., Sarjito, & Prayitno, S. B. (2015).
Pengaruh perendaman ekstrak daun
sirih (Piper betle) dengan konsentrasi
yang berbeda terhadap gejala klinis,
kelulushidupan, histologi, dan
pertumbuhan udang

vaname
(Litopenaeus vannamei) yang diinfeksi
Vibrio harveyi. Journal of Aquaculture
Management and Technology, 4(3), 54—
60.
https://ejournal3.undip.ac.id/index.php/
jamt/article/view/9463/9189

Ardiani, U. (2011). Analisis keberagaman
genetik gen 16S rRNA dan karakterisasi

fisiologis bakteri asal usus udang
vaname (Litopenaeus vannamei) dari
berbagai (Skripsi).  Institut
Pertanian Bogor.

Aryal, S. (2022). Kirby Bauer Disc Diffusion
Method For Antibiotic Susceptibility
Testing. Microbe Notes.
https://microbenotes.com/kirby-bauer-
disc-diffusion/

Atlas, R. M., & Bartha, R. (1993). Microbial
ecology:
applications. Benjamin Cummings.

umur

Fundamentals and

Ministry  of  National  Development
Planning/National Development
Planning  Agency  (BAPPENAS).


https://www.vliz.be/imisdocs/publications/245752.pdf
https://www.vliz.be/imisdocs/publications/245752.pdf
https://ejournal3.undip.ac.id/index.php/jamt/article/view/9463/9189
https://ejournal3.undip.ac.id/index.php/jamt/article/view/9463/9189
https://microbenotes.com/kirby-bauer-disc-diffusion/
https://microbenotes.com/kirby-bauer-disc-diffusion/

Journal of Artha Biological Engineering, Vol. 4, No. 1, 2026 (1-19)

(2024). Indonesian biodiversity strategy
and action plan (IBSAP) 2025-2045.
BAPPENAS. https://lcdi-
indonesia.id/wp-

content/uploads/2025/02/IBSAP-2025-

2045.pdf

Basir, B., Kariyanti, K., & Isnansetyo, A.

(2023). Aktivitas antibakteri tumbuhan
darat dan pesisir dari Sulawesi Selatan
terhadap penyakit Vibrio. Marlin, 4(1),
49.
http://dx.doi.org/10.15578/marlin.V4.11
.2023.49-56

Burgess, J. G., Boyd, K. G., Armstrong, E.,

Jiang, Z., Yan, L., Berggren, M., May,
U., Pisacane, T., Granmo, A., & Adams,
D. R. (2003). The development of a

marine natural product-based
antifouling paint. Biofouling,
19(Suppl.), 197-205.

https://doi.org/10.1080/0892701031000
061778

Darajati, W., Pratiwi, S., Herwinda, E.,

Radiansyah, A. D., Nalang, V. S.,
Nooryanto, B., Rahajoe, J. S,
Ubaidillah, R, Maryanto, L,
Kurniawan, R., Prasetyo, T. A., Rahim,
A., Jefferson, J., & Hakim, F. (2016).
Indonesian biodiversity strategy and
action plan 2015-2020. BAPPENAS.

Gonzalez-Pastor, R., Carrera-Pacheco, S. E.,

Zuiiga-Miranda, J., Rodriguez-Pdlit,
C., Mayorga-Ramos, A., Guaman, L. P.,
& Barba-Ostria, C. (2023). Current
Landscape of Methods to Evaluate

Antimicrobial Activity of Natural
Extracts. Molecules (Basel,
Switzerland), 28(3), 1068.

https://doi.org/10.3390/molecules28031
068

15

Fitri, F. A., Feliatra, F., & Yoswati, D.

(2020). Sensitivity test of Vibrio sp.
bacteria isolated from Dumai sea waters
to antibiotics. Asian Journal of Aquatic
Sciences, 3(2), 189-192.
https://doi.org/10.31258/ajoas.3.2.189-
192

Fu, X., He, J., Wang, J., Shen, F., Qiu, J.,

Chen, C., Zhang, D., & Guo, H. (2024).
Specific gut bacterial taxa inhabited in
healthy shrimp (Penaeus vannamei)

confer protection against Vibrio
parahaemolyticus challenge.
Aquaculture, 579, 740192.

https://doi.org/10.1016/j.aquaculture.20
23.740192

Haliza, N., & Elviantari, A. (2024). Uji

aktivitas antibakteri dari hepatopankreas
lobster pasir dan lobster batu terhadap
bakteri patogen. Journal of Tropical
Bioresources and Biotechnology, 1(1),
8-12.
https://jurnal.uts.ac.id/index.php/satond
a/article/download/3863/1774

Hamidah, M. N., Rianingsih, L., &

Romadhon, R. (2019). Aktivitas
antibakteri isolat bakteri asam laktat dari
peda terhadap E. coli dan S. aureus.
Jurnal llmu dan Teknologi Perikanan,
1(2), 11-21.
https://doi.org/10.14710/itpi.2019.674

2

Hitijahubessy, H., Samid, A., Kristiyanti

Jalmaf, W., Hasanela, N., Huwae, L. M.
C., & Perikanan Negeri Tual. (2022).
Antibacterial activity of sernai leaves
(Wedelia biflora) against Vibrio sp.
Biofaal  Journal, 3(1),  43-50.
https://doi.org/10.30598/biofaal.v3ilpp
43-50



https://lcdi-indonesia.id/wp-content/uploads/2025/02/IBSAP-2025-2045.pdf
https://lcdi-indonesia.id/wp-content/uploads/2025/02/IBSAP-2025-2045.pdf
https://lcdi-indonesia.id/wp-content/uploads/2025/02/IBSAP-2025-2045.pdf
https://lcdi-indonesia.id/wp-content/uploads/2025/02/IBSAP-2025-2045.pdf
http://dx.doi.org/10.15578/marlin.V4.I1.2023.49-56
http://dx.doi.org/10.15578/marlin.V4.I1.2023.49-56
https://doi.org/10.1080/0892701031000061778
https://doi.org/10.1080/0892701031000061778
https://doi.org/10.3390/molecules28031068
https://doi.org/10.3390/molecules28031068
https://doi.org/10.31258/ajoas.3.2.189-192
https://doi.org/10.31258/ajoas.3.2.189-192
https://doi.org/10.1016/j.aquaculture.2023.740192
https://doi.org/10.1016/j.aquaculture.2023.740192
https://jurnal.uts.ac.id/index.php/satonda/article/download/3863/1774
https://jurnal.uts.ac.id/index.php/satonda/article/download/3863/1774
https://doi.org/10.14710/jitpi.2019.6742
https://doi.org/10.14710/jitpi.2019.6742
https://doi.org/10.30598/biofaal.v3i1pp43-50
https://doi.org/10.30598/biofaal.v3i1pp43-50

Journal of Artha Biological Engineering, Vol. 4, No. 1, 2026 (1-19)

Holt, J. G., Krieg, N. R., Sneath, P. H. A.,
Staley, J. T., & Williams, S. T. (2000).
Bergey’s manual of determinative
bacteriology. Lippincott Williams &
Wilkins.

Hoover, D. G., & Steenson, L. R. (1993).
Bacteriocins of lactic acid bacteria.
Academic Press.

Ihtifazhuddin, M. 1., Nursyam, H., &
Ekawati, A. W. (2016). The influence of
fermentation time in the physical and
chemical composition of fermented
soybean husk by using Aspergillus niger
on the quality of raw feed materials. The
Journal  of  Experimental  Life
Science, 6(1), 52-57.
https://doi.org/10.21776/ub.jels.2016.0
06.01.12

Ilyas, S. (2001). Mikrobiologi dasar: Diklat
kompilasi 28. Universitas Sumatera
Utara Press.

Helmiyati F. A., & Nurrahman. (2010).
Pengaruh konsentrasi tawas terhadap
pertumbuhan bakteri Gram positif dan
negatif. Jurnal Pangan dan Gizi, 1(1),
1-6.
https://media.neliti.com/media/publicati
ons/116514-1D-pengaruh-konsentrasi-
tawas-terhadap-pert.pdf

Imada, C., Koseki, N., Kamata, M.,
Kobayashi, T., & Hamada-Sato, N.
(2007). Isolation and characterization of
antibacterial substances produced by
marine actinomycetes.
Actinomycetologica, 21(1), 27-31.
https://doi.org/10.3209/saj.SAJ210104

Jawetz, E., Melnick, J. L., & Adelberg, E. A.
(1996).  Mikrobiologi  kedokteran
(Medical microbiology) (Alih bahasa
oleh I. Setiawan, R. F. Maulany, E.

16

Nugroho, & M. Aldeburg). EGC.

Jiwintarum, Y., Diarti, M. W., & Zaeniati, B.

L. (2021). Variasi suhu inkubasi
mempengaruhi jumlah sel vegetatif dan
spora Bacillus sphaericus. Poltekita:
Jurnal Ilmu Kesehatan, 15(1), 76-83.
https://doi.org/10.33860/jik.v15i1.415

Kaemudin, K., Erlina, A., & Taslihan, A.

(2016). Aplikasi ekstrak allisin untuk
pengendalian penyakit kotoran putih
pada udang vaname (Litopenaeus
vannamei) di Balai Besar Perikanan
Budidaya Air Payau Jepara. In
Prosiding Seminar Nasional Tahunan
Ke-V Hasil Penelitian Perikanan dan
Kelautan (pp. 257-262).
https://eprints.undip.ac.id/51283/1/B2 _
11(31).pdf

Lalamentik, G. J., Wewengkang, D. S., &

Rotinsulu, H. (2017). Aktivitas
antibakteri ekstrak karang lunak Klyxum
sp. yang diperoleh dari Teluk Manado.
PHARMACON, 6(3), 46-56.
https://doi.org/10.35799/pha.6.2017.16
549

Lesel, R. (1990). Thermal effects on bacteria

in the gut of rainbow trout and African
catfish. In R. Lesel (Ed.), Microbiology
in poikilotherms (pp. 33-38). Elsevier.

Lestari, Y., Ardiningsih, P., & Nurlina.

(2016). Aktivitas antibakteri Gram
positif dan negatif dari ekstrak dan
fraksi daun nipah (Nypa fruticans
Wurmb.) asal pesisir Sungai Kakap
Kalimantan Barat. Jurnal Kimia
Khatulistiwa, 5(4), 1-8.
https://jurnal.untan.ac.id/index.php/jkk
mipa/article/view/16274/14156

Luangtrakul, W., Boonchuen, P., Jaree, P.,

Kumar, R., Wang, H.-C, &


https://doi.org/10.21776/ub.jels.2016.006.01.12
https://doi.org/10.21776/ub.jels.2016.006.01.12
https://media.neliti.com/media/publications/116514-ID-pengaruh-konsentrasi-tawas-terhadap-pert.pdf
https://media.neliti.com/media/publications/116514-ID-pengaruh-konsentrasi-tawas-terhadap-pert.pdf
https://media.neliti.com/media/publications/116514-ID-pengaruh-konsentrasi-tawas-terhadap-pert.pdf
https://doi.org/10.3209/saj.SAJ210104
https://doi.org/10.33860/jik.v15i1.415
https://eprints.undip.ac.id/51283/1/B2_11(31).pdf
https://eprints.undip.ac.id/51283/1/B2_11(31).pdf
https://doi.org/10.35799/pha.6.2017.16549
https://doi.org/10.35799/pha.6.2017.16549
https://jurnal.untan.ac.id/index.php/jkkmipa/article/view/16274/14156
https://jurnal.untan.ac.id/index.php/jkkmipa/article/view/16274/14156

Journal of Artha Biological Engineering, Vol. 4, No. 1, 2026 (1-19)

Somboonwiwat, K. (2021). Cytotoxicity
of Vibrio parahaemolyticus AHPND
toxin on shrimp hemocytes, a newly
identified target tissue, involves binding
of toxin to aminopeptidase N1 receptor.
PLOS Pathogens, 17(3), e1009383.
https://doi.org/10.1371/journal.ppat.100
9463

Luthfiani, L., Ghofar, A., & Purwanti, F.

(2018). Komposisi jenis ikan hasil
tangkapan sampingan (bycatch) pukat
dorong di tambak lorok,
semarang. Management of Aquatic
Resources Journal (MAQUARES), 7(3),
288-297.

https://ejournal3.undip.ac.id/index.php/

maquarcs

Madigan, M. T., Martinko, J. M., & Brock, T.

D. (2006). Brock biology of
microorganisms. Pearson Prentice Hall.

Marbun, J., Harpeni, E., & Wardiyanto, W.

(2019). Penanganan penyakit white
feces pada udang vaname (Litopenaeus
vannamei) menggunakan aplikasi pakan
yang dicampur ekstrak lengkuas merah
(Alpinia purpurata K. Schum.). Depik,
8(2), 76-86.
https://doi.org/10.13170/depik.8.2.1357
0

Martsiningsih, A., Suyana, S., Noviani, A.,

Rahmawati, U., Sujono, S., & Dwi
Astuti, F. (2023). Pengaruh waktu
inkubasi terhadap diameter zona hambat
antibiotik pada uji sensitivitas bakteri
Klebsiella pneumoniae. Meditory: The

daya hambat dan daya bunuh ekstrak
buah mengkudu (Morinda citrifolia
Linn.) terhadap pertumbuhan bakteri

Staphylococcus aureus. Jurnal
Kesehatan Perintis (Perintis's Health
Journal), 8(1), 67-74.

https://doi.org/10.33653/ikp.v&811.622

Morales, G., Sierra, P., Mancilla, A., Paredes,

A., Loyola, L. A., Gallardo, O., &
Borquez, J. (2003). Secondary
metabolites from four medicinal plants
from northern Chile: Antimicrobial
activity and biotoxicity against Artemia
salina. Journal of the Chilean Chemical
Society, 48(2), 13-18.
http://dx.doi.org/10.4067/S0717-
97072003000200002

Pamungkas, N. D., Firmansyah, A., & Ethica,

S. N. (2018). Isolasi dan uji patogenitas
bakteri indigen penghasil enzim selulase
dari limbah ampas kelapa di pasar
tradisional Ngawen untuk bioremediasi.
In  Prosiding  Seminar  Nasional
Mahasiswa Universitas
Muhammadiyah Semarang (Vol. 1, pp.
261-267).

https://prosiding.unimus.ac.id/index.ph

p/mahasiswa/article/view/155

Pratama, P. N., Prayitno, S. B., & Sarjito.

(2014). Pemanfaatan ekstrak daun
binahong  untuk  penanggulangan
penyakit bakteri pada udang windu.
Journal of Aquaculture Management
and  Technology, 3(4), 281-288.

https://ejournal3.undip.ac.id/index.php/

Journal of Medical Laboratory, 11(1), jamt/article/view/7344

1-8. Pratiwi, S. T. (2008). Mikrobiologi farmasi.
https://doi.org/10.33992/meditory.v11i Penerbit Erlangga.

1.2361 Radjasa, O. K., Marten, T., Brinkoff, T.,

Mayaserli, D. P., & Shinta, D. Y. (2021). Uji Grossart, H.-P., Sabdono, A., & Simon,

17


https://doi.org/10.1371/journal.ppat.1009463
https://doi.org/10.1371/journal.ppat.1009463
https://ejournal3.undip.ac.id/index.php/maquares
https://ejournal3.undip.ac.id/index.php/maquares
https://doi.org/10.13170/depik.8.2.13570
https://doi.org/10.13170/depik.8.2.13570
https://doi.org/10.33992/meditory.v11i1.2361
https://doi.org/10.33992/meditory.v11i1.2361
https://doi.org/10.33653/jkp.v8i1.622
http://dx.doi.org/10.4067/S0717-97072003000200002
http://dx.doi.org/10.4067/S0717-97072003000200002
https://prosiding.unimus.ac.id/index.php/mahasiswa/article/view/155
https://prosiding.unimus.ac.id/index.php/mahasiswa/article/view/155
https://ejournal3.undip.ac.id/index.php/jamt/article/view/7344
https://ejournal3.undip.ac.id/index.php/jamt/article/view/7344

Journal of Artha Biological Engineering, Vol. 4, No. 1, 2026 (1-19)

M. (2004). Antibacterial activity of
coral-associated bacteria. Journal of
Coastal Development, 7(2), 141-147.
https://ejournal.undip.ac.id/index.php/c
oastdev/article/view/969/832

Radji, M. (2019). Buku ajar mikrobiologi:

Bancaran
thesis).

Surabaya  dan

(Undergraduate
Universitas Airlangga.

Situmeang, S. M. F., Musthari, & Riadi, S.
(2017). Isolasi dan wuji aktivitas
antimikroba bakteri asam laktat (BAL)

Anyar
Bangkalan

Panduan  mahasiswa  farmasi & dari  yoghurt dalam menghambat
kedokteran (J. Manurung, Ed.). Penerbit pertumbuhan bakteri Escherichia coli
Buku Kedokteran EGC. dan Salmonella typhi. Jurnal Biosains,
Rakasiwi, D., Astuti, W., & Marliana, E. 3(3), 144-152.
(2023). Potensi antibakteri ekstrak https://doi.org/10.24114/jbio.v3i3.8302

etanol meniran (Phyllanthus niruri L.)
terhadap bakteri Streptococcus sobrinus
dan Salmonella typhi. Jurnal Atomik,
8(1), 23-27.
https://jurnal.kimia.fmipa.unmul.ac.id/i
ndex.php/JA/article/view/1204

Rinihapsari, E., Onesiforus, B. Y., &

Nugroho, S. M. (2023). Pengaruh
pemanasan berulang media nutrient
agar terhadap hasil uji sensitivitas.
Antigen: Jurnal Kesehatan Masyarakat
dan Ilmu  Gizi, 1(3), 18-26.
https://doi.org/10.57213/antigen.v1i3.1
91

Safrida, Y. D., Yulvizar, C., & Devira, C. N.

(2012). Isolasi dan karakterisasi bakteri
berpotensi probiotik pada ikan kembung
(Rastrelliger sp.). Depik, 1(3),200-203.
https://doi.org/10.13170/depik.1.3.124

Sari, N. P., Sari, R., & Untari, E. K. (2018).

Antibacterial activity test of bacteriocin
from Lactobacillus brevis,
Lactobacillus casei, and Lactobacillus
plantarum  against ~ Gram-positive
pathogenic bacteria. Journal of Tropical
Biodiversity and Biotechnology, 3(3),

85. https://doi.org/10.22146/1tbb.38138

Sinatryani, D. (2014). Kelimpahan bakteri

selulolitik di muara Sungai Gunung

18

Tokasaya, P.

Soleha, T. U. (2019). Uji kepekaan terhadap

antibiotik. JuKe Unila, 5(9), 119-123.
https://juke.kedokteran.unila.ac.id/inde
x.php/juke/article/view/644

Sukenda, Wahjuningrum, D., Widanarni, &

Kurniawinata, M. 1. (2022). Struktur
komunitas mikrobiota wusus udang
vaname (Penaeus vannamei) dan media
pemeliharaan selama wabah white feces

disease. Institut Pertanian Bogor.

Suryani, S., & A’yun, Q. (2022). Isolasi

bakteri  endofit dari  mangrove
Sonneratia alba asal Pondok 2 Pantai
Harapan Jaya Muara Gembong, Bekasi.
Bio-Sains: Jurnal llmiah Biologi, 1(2),
12-18.

https://doi.org/10.6084/m9.figshare.235
64679

Taslihan, A., Fairus, M., & Supito, S. (2015).

Petunjuk teknis pengendalian penyakit
berak putih (white feces disease) pada
udang vaname di tambak. Direktorat
Jenderal Perikanan Budidaya,
Kementerian Kelautan dan Perikanan.
(2010). Sponge-associated
producing
compounds and their genetic diversity
analysis (Thesis). Bogor Agricultural
University.

bacteria antimicrobial


https://ejournal.undip.ac.id/index.php/coastdev/article/view/969/832
https://ejournal.undip.ac.id/index.php/coastdev/article/view/969/832
https://jurnal.kimia.fmipa.unmul.ac.id/index.php/JA/article/view/1204
https://jurnal.kimia.fmipa.unmul.ac.id/index.php/JA/article/view/1204
https://doi.org/10.57213/antigen.v1i3.191
https://doi.org/10.57213/antigen.v1i3.191
https://doi.org/10.13170/depik.1.3.124
https://doi.org/10.22146/jtbb.38138
https://doi.org/10.24114/jbio.v3i3.8302
https://juke.kedokteran.unila.ac.id/index.php/juke/article/view/644
https://juke.kedokteran.unila.ac.id/index.php/juke/article/view/644
https://doi.org/10.6084/m9.figshare.23564679
https://doi.org/10.6084/m9.figshare.23564679

Journal of Artha Biological Engineering, Vol. 4, No. 1, 2026 (1-19)

Tran, L., Nunan, L., Redman, R. M.,
Mohney, L. L., Pantoja, C. R.,
Fitzsimmons, K., & Lightner, D. V.
(2013). Determination of the infectious
nature of AHPND. Diseases of Aquatic
Organisms, 105(1), 45-55.
https://doi.org/10.3354/da002621

Van Haren, F. M. P., Foudraine, N., &
Gillham, M. (2007). Infection and

Elsevier.

sepsis.
https://doi.org/10.1016/B978-
075067572-7.50038-2

Waluyo, L. (2009). Mikrobiologi lingkungan.
UMM Press.

Walewangko, G. V. C., Bodhi, W., & Kepel,
B. J. (2015). Uji resistensi bakteri
Escherichia coli yang diisolasi dari plak
gigi menggunakan merkuri dan
ampisilin.  Jurnal e-Biomedik, 3(1).
https://doi.org/10.35790/ebm.v3i1.6634

Wibowo, M. H., Nugroho, W. S., & Asmara,
W. (2011). Profil plasmid Escherichia
coli  resisten terhadap  beberapa
antibiotika ~ yang  diisolasi
peternakan ayam komersial. Jurnal Sain
Veteriner, 29(1), 43-50.
https://doi.org/10.22146/jsv.290

Widanarni, W., Wahjuningrum, D., &
Puspita, F. (2012). Aplikasi bakteri

dari

19

probiotik melalui pakan buatan. Jurnal
Sains Terapan, 2(1), 19-29.

Wiguna, A. S., Kusmita, L., & Radjasa, O. K.
(2016). Uji aktivitas antibakteri pigmen
karotenoid dari isolat bakteri simbion
karang  lunak  Sarcophyton  sp.
Indonesian Journal of Pharmaceutical
Science and Technology, 3(3), 92-98.
https://doi.org/10.15416/ijpst.v3i3.9176

Wijayanto, U. (2009). Analisis in vitro
toleransi isolat bakteri asam laktat asal

daging sapi terhadap pH lambung, pH
usus, dan garam empedu sebagai
kandidat  probiotik  (Undergraduate
thesis). Institut Pertanian Bogor.
Wulandari, D. (2013). Pengaruh pemberian
probiotik terhadap penurunan bahan
organik dalam air media pertumbuhan
udang vannamei (Litopenaeus
BBPBAP  Jepara

thesis).  Universitas

vannamei)  di
(Undergraduate
PGRI Semarang.

Zorriehzahra, M. J., & Banaederakhshan, R.
(2015). Early mortality syndrome
(EMS) as an emerging threat. Advances
in Animal and Veterinary Sciences, 3(2),
64-72.
https://doi.org/10.14737/journal.aavs/2
015/3.25.64.72



https://doi.org/10.3354/dao02621
https://doi.org/10.1016/B978-075067572-7.50038-2
https://doi.org/10.1016/B978-075067572-7.50038-2
https://doi.org/10.35790/ebm.v3i1.6634
https://doi.org/10.22146/jsv.290
https://doi.org/10.15416/ijpst.v3i3.9176
https://doi.org/10.14737/journal.aavs/2015/3.2s.64.72
https://doi.org/10.14737/journal.aavs/2015/3.2s.64.72

