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The Tirang Beach areain Indonesia is a coastal area with many fish farming ponds,
raising milkfish (Chanos chanos), saline tilapia (Oreochromis niloticus), and deep-
bodied mojarra fish (Gerres erythrourus). Aquaculture activities in this area are
often hampered by bacteria that infect the farmed fish. The use of antibiotics to
prevent disease is a growing trend; however, it can lead to antibiotic resistance
and residues in the environment. Antibiotic resistance is a global problem that is
important to research. This study aimed to monitor the existence of resistant
bacteria in sediment and fish from a traditional pond as well as to identify the
most resistant bacteria using a molecular approach. The research was carried out
from January to April 2024, with data collection using a random sampling method.
Samples were taken from the pond sediment and fish gills at three different
points. Based on the results, the abundance of bacteria in the sediment and fish
gills from the traditional ponds in the Tirang Beach area ranged from 1.53 x 10° to
2.45 x 107 CFU/mL and 7.2 x 10° to 5.52 x 10® CFU/mL, respectively. Furthermore,
the resistance level of bacteria against Tetracycline (30 pg), Chloramphenicol (30
pg), Erythromycin (15 pg), and Ciprofloxacin (5 pg) was 36.67, 6.67, 30.00, and
56.67 percent, respectively. Therefore, the antibiotic resistance tests showed that
the highest resistance was to Ciprofloxacin. Even though the abundance of
bacteria in the sediment was higher than in the fish gills, the resistance bacteria
in the fish gills was 82% greater than in the sediment. Moreover, observation
through the 16S rRNA gene revealed that the most resistant fish bacteria was
Vibrio alginolyticus, which is a rod-shaped Gram-negative bacterium; the most
resistant bacteria in the sediment was identified as Vibrio parahaemolyticus, a
harmful bacterium well-known as a causative agent of Acute Hepatopancreatic
Necrosis Disease (AHPND). Hence, the residual antibiotic in the environment
could trigger resistance in Vibrio spp. associated with fish and sediment in the
traditional pond, despite the absence of antibiotics usage in this farming.
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1. Introduction

Tirang Beach is a tourist destination located in the
Tambakrejo Village, Tugurejo, Tugu, Semarang City.
Tirang Beach is strategically located close to the
busy city center and residential areas. This beach is
situated next to the estuary of the Silandak River
[1]1. The area features many mangrove trees
deliberately planted to combat coastal erosion.
Additionally, there are many fish farming ponds
along the Tirang Coast. Tirang Beach is one area
used to set up ponds in coastal regions. Traditional
ponds at Tirang Beach are managed using
traditional systems, typically characterized by basic
technology and reliance on sea tides for water
exchange. These ponds are maintained by the local
community. Each pond generally has an irregular
shape and is stocked with several types of farmed
fish, such as milkfish, deep-bodied mojarra fish,
saline tilapia, white snapper, spotted catfish,
sembilang fish, and mullet fish. Tirang Beach also
has mangrove forests ponds,
including shrimp and milkfish ponds [2]. Various
human activities at Tirang Beach have led to
polluted wastewater. This water may contain many
pathogenic bacteria that can cause diseases that
affect aquatic organisms if it is not properly
managed [3,4]. Waste-containing pathogenic
bacteria can be carried into the sea through the
drainage systems of Semarang City and the Tapak
River. A previous study found a gene related to
antibiotic resistance to Imipenem, Tetracycline, and
Methicillin from the bacterial communities in the
sediment in Tugu, Semarang, where the mangrove

and numerous

ecosystem was converted into aquaculture ponds
and continues to re-plant the mangrove since 1990
[5]. In 2001, Tendencia and de la Pefia obtained
bacteria from ponds with the highest resistance to
oxytetracycline at 4.3% of the total number of
isolates [6].

One method to combat pathogenic bacteria is the
use of antibiotics, which is an increasing trend;
however, because
inappropriate and excessive doses can lead to
resistance. Overuse of antibiotics can cause
bacteria to become resistant to them. These
bacteria can be found in various locations. Most
studies investigate water, sediments, and other
abiotic factors; however, there is a lack of studies to
compare abiotic and biotic factors [6]. Yuan and

caution is  necessary

colleagues stated that there is no pattern yet in

antibiotic-resistant bacteria associated with
organisms and the environment as well as the
overuse of antibiotics can residues and
development of antibiotic resistance bacteria
(ARB) also antibiotic resistance genes (ARGs) [7].
Hence, this research aimed to determine the level
of resistance of these bacteria to several types of
antibiotics in the biotic and abiotic, e.g., fish and
sediment. This study also identified the most
resistant bacteria to bring recent information on

the evolution of bacteria becoming resistant.

leave

2. Materials and method
2.1.  Study site

The tools used in this research consisted of field
sampling tools and sample analysis. The following
tools were used in sampling: a GARMIN GPS to
determine the sampling point, sediment core that
is used to take sediment samples, stationery to
record the results obtained in the laboratory or in
the field, a camera for documentation at the
sampling location, a DO meter AR8210 Smart
Sensor to measure temperature, a Morinome pH
meter to measure pH and temperature at the
sampling locations, an ATC refractometer to
measure water salinity, a Secchi disk to measure
brightness, a scale stick to measure depth, a plastic
zipper to hold samples from the waters, and a cool
box to store samples temporarily. The tools used for
sample analysis were petri dishes to make media
that will be used for isolating the bacteriq,
measuring cups to measure the volume of a
solution, analytical scales to measure the amount
of material, autoclaves for sterilizing tools, test
tubes for diluting samples, test tube racks, a
Bunsen to minimize tool contamination, a vortex
for homogenizing samples, a hot plate magnetic
stirrer for homogenizing media, a micropipette and
microtip for taking material in the form of a
solution a tube needle for
transferring bacterial isolates to the media, cotton
swabs for taking bacterial suspension, a spray
bottle for rinsing the slide during Gram staining, a
slide for placing bacterial cultures in the Gram
staining test, a dropper pipette for transferring the
solution, a microscope for observing bacteria,
tweezers for taking antibiotic discs, a BIOBASE
Biosafety Cabinet (BSC) to carry out sample

in small volumes,
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planting and pouring media, label paper to mark
the sample, plastic wrap to wrap the petri dish to
make it tighter, and a caliper to measure the
diameter of the clear zone. The test materials used
in this research were sediment and fish samples,
the other wet laboratory materials consist of
Nutrient Broth (NB) and Agar Powder for bacterial
culture media, nystatin for anti-fungal on agar
media, distilled water for instrument calibration
and sample dilution, antibiotic discs for testing
antibiotic resistance, a Gram Kit for Gram staining
test (HIMEDIA), a PCR kit MyTag™ Mix Bioline for
performing amplifications, and 70% alcohol for
sterilizing equipment. The sediment and fish
samples were obtained from ponds in the Tirang
Beach area. The sampling points were
traditional mixed fish pond. The samples were
taken on January 8%, 2024, using a random
sampling method at three points (point 1:
6°57'17.60447"S and 110°21.16.34285"E; point 2:
6°57'17.49175”S and 110°21"14.08104”E; point 3:
6°5715.5”"S and 110°21"14.1"E). Sediment samples
were taken using sediment cores at a depth of 10
cm. The samples were put in plastic zipper bags,
placed in a cool box, and taken to the laboratory for
analysis. Three fish samples were taken in one
collection. The fish chosen were between 7-10 cm
long. The samples were then put in plastic zipper
bags, placed in a cool box, and taken to the
laboratory for
conducted at the Water Quality Laboratory, Faculty
of Fisheries and Marine Sciences,
Diponegoro, Semarang.

in a

analysis. Sample analysis was

Universitas

2.2. Sterilization of tools and materials

Sterilization is an important stage for killing
microorganisms on laboratory equipment to
eliminate contaminants. The tools and materials
were sterilized via the wet sterilization method with
an autoclave at a temperature of 121°C and a
pressure of 2 atm for 20 minutes [8]. This method
was used to sterilize media, liquids, and laboratory
equipment. The items sterilized included petri
dishes, test tubes, seawater, microtips, and agar
media. Tools made of glass, such as Petri dishes and
test tubes, were wrapped in paper before being put
into the autoclave.

2.3. Media Culture Preparation

The media used was Nutrient Agar (NA), composed
of NB (6.5 gr) and Agar Powder (7.5 gr) dissolved in
500 mL of seawater. The solvent used was
seawater, with adjusted to the
environmental salinity at each point, which was
25%. The media was sterilized in an autoclave for
20 minutes at 121°C. After autoclaving, the media

salinity

was supplemented with 75 pg/mL of nystatin as an
antifungal agent [6]. The media was then allowed
to cool slightly to a temperature of around 40-45°C
before being poured into sterile Petri dishes.

2.4. Serial dilution

Serial dilution was carried out to reduce the number
of microbes in the liquid, making calculations
easier [9]. The sample dilution stage was carried
out until it reached the 107 series. Dilution used
sterile seawater with a salinity of 25%. Fish samples
were taken from the gills and then crushed using a
pestle and mortar. Samples of sediment and fish
gills, each weighing 1 gr, were placed in a test tube
containing 9 mL of sterile seawater [10]. The second
test tube was filled with 9 mL of sterile seawater.
This process was repeated until a 107 dilution series
was obtained.

2.5. Bacterial Isolation

The sediment and gill bacteria were isolated using
the pour plate method on Nutrient Agar (NA)
media. The pour plate method was used to obtain
pure cultures with less risk of contamination [11].
The results of the dilution of sediment and gill
samples in series 10 and 10> were each taken 1 mL
and inoculated into a Petri dish aseptically. Then,
the NA medium was poured into the Petri dish. The
Petri dish was gently swirled in a figure eight
motion to mix the bacteria and media
homogeneously [10]. The isolation results were
placed in an incubator for 24 hours at 37°C [12].

2.6. Total Plate Count (TPC)

Total Plate Count (TPC) is a method for growing live
microbial cells in media so that the cells thrive and
form macroscopically visible colonies. Colony
counts were performed using a hand counter to
facilitate the process [10]; 30 and 300 bacterial
colonies were counted. Plates containing <300
colonies were not counted for TPC because they
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were considered Too Numerous To Count (TNTC).
Similarly, samples containing fewer than 30
colonies were not counted because they did not
meet the requirements. The results of the bacterial
colony counts were then calculated with the
formula 1 [13]:

N = Colony per petri dish x

dilution factor (1)
x inoculum volume (mL)

Information:
N = Colony density per sample in Colony Forming
Units (CFU/mL)

2.7. Bacterial purification

Purification was performed to separate bacterial
colonies with different morphologies into single
isolates. The bacteria that grew were differentiated
based on variations in colony morphology, including
size, shape, color, and elevation [14]. Selected
colonies were cultured and purified according to
their respective characteristics. The isolates were
then selected and streaked onto Nutrient Agar
(NA) media using a streak plate technique witha T
scratch type using a loop needle. Each plate was
used for the growth of one type of bacteria. The
bacteria were then incubated for 24 hours at 37°C.

2.8. Antibiotic resistance test

Bacterial isolates were tested with Tetracycline and
Chloramphenicol at a concentration of 30 ug,
Erythromycin at 15 pg, and Ciprofloxacin at 5 pg.
These four antibiotics were chosen because of their
wide use in aquaculture and the abundance of their
antibiotic resistance gene in most places, including
South Korea, China, Sri Lanka, and Italy [7]. The
purified bacteria were grown on agar slant media,
which was placed in tilted test tubes and inoculated
in a zigzag manner. This process aimed to revitalize
the bacteria and create a second culture storage
stock. Bacterial cultures were then incubated for 24
hours at 37°C [9]. The bacterial culture was taken
and placed in 9 mL of sterile seawater with a
salinity of 25%. It was then homogenized using a
vortex, and the turbidity was visually compared
with 0.5 McFarland solution. The purpose of this
comparison was to standardize estimates of the
number of bacteria to be studied. McFarland 0.5
was equivalent to 1.5 x 108 CFU/mL [15]. Incubation
was then carried out for 24 hours at 37°C. The

inhibition zone formed around the disc was
measured in mm for both vertical and horizontal
diameters. The diameter of the inhibition zone
grouped bacteria into three categories: sensitive,
intermediate, and
inhibition zone formed was classified into three
criteria shown in Table 1, and the inhibition zone
was calculated by Formula 2.

resistant to antibiotics. The

Table 1. Bacterial inhibition zone criteria.

Diameter zone

Antibiotic
R | S
Tetracycline [16] <14 15-18 =19
Erythromycin [16] =13 14-17 =18
Chloramphenicol [16] =12 13-17 =18
Ciprofloxacin [17] <15 16-19 =20

The following formula was used for calculating the
inhibition zone [18]:

{(DV-DC)+(DH-DC)}
HEV-LE) DN (2)

where DV is the vertical diameter, DH is the

Inhibition zone=

horizontal diameter, and DC is the disc diameter.
2.9. Gram stain test

The Gram staining test was carried out on bacteria
that form a clear zone on the agar medium. This
test was done according to the Gram Stain-Kit
instructions by taking bacterial isolates with a
circular needle and streaking them on a glass
object. Then, crystal violet was added for one
minute, followed by washing with sterile distilled
water and drying. Furthermore, the bacterial
isolate was dropped onto Lugol and left for one
minute before washing again with sterile distilled
water. The bacterial isolate was then subjected to
the Gram Decolorizer for five seconds until the
crystal violet no longer dissolved, followed by
washing again with sterile distilled water. Finally,
safranin was added to the bacterial isolate and left
for 45 seconds before being washed with sterile
distilled water, dried, and examined under a light
microscope with 1000 times magnification.

2.10. Molecular identification

Molecular identification was carried out through
DNA extraction, DNA amplification, and DNA
visualization. DNA extraction was done by placing
bacterial isolates in a microtube containing 250 pL

of 10% Chelex. The microtube was then
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homogenized with a vortex for 20 seconds.
Moreover, it was centrifuged at 13,000 rpm for 15
seconds. The microtubes were then placed on a
heating block at 95°C for 45 minutes. After
heating, the sample was vortexed again for 20
seconds and centrifuged at 13,000 rpm for 15
seconds. The supernatant was extracted with a
micropipette and transferred to a new microtube.
Amplification was performed using the Polymerase
Chain Reaction (PCR) technique. Initially, 1 pL of
template DNA or extracted DNA was mixed with the
PCR mix in a PCR tube. The PCR mix consisted of
12.5 pL of Mytaq DNA, 1 pL each of forward primer
27F and reverse primer 149R, and 9.5 pL of ddH20.
The PCR tube was then gently shaken and placed in
the thermal cycler. Amplification conditions were
set as follows: pre-denaturation at 95°C for three
minutes, denaturation at 95°C for one minute,
annedaling at 53.9°C for one minute, extension at
72°C for one minute, and final extension at 72°C for
seven minutes, for a total of 30 cycles [19].
Electrophoresis was carried out by preparing a 1%
agarose gel, which was made by dissolving 0.4 g of
agarose in 40 mL of Tris-Boric EDTA (TBE) and
heating it on a hotplate until it boiled. After adding
3 pL of a green gel dye, the agarose was poured into
a gel mold and allowed to harden. The 1% agarose
gel was then placed in an electrophoresis tank and
submerged in 11X TBE. Electrophoresis
performed for 30 minutes at 100 volts and 400
milliamps. The first well was filled with a mixture of
2 pL of Ladder DNA and 1 pL of Loading Dye as a
marker, while the subsequent wells were filled with
a mixture of 2 uL DNA template and 1 pL Loading
Dye. The agarose gel from electrophoresis was then
inserted into a UV Doc for DNA visualization. The

wdas
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DNA visualization results were sent to PT. Genetic
Science, Jakarta, to determine the 16S RNA gene
sequence. The results were aligned with nucleotide
sequences using the MEGA 11.0 application.
Sequencing was identify genes by
comparing them with sequence data in GenBank
[20]. The GenBank used is the National Center for
Biotechnology (NCBI).
sequences showing similarity were further analyzed
using the Basic Local Alignment Search Tool
(BLAST) to compare the target sequence with
existing database sequences and identify similar
ones.

used to

Information Nucleotide

3. Result and discussion

3.1. Abundance of bacteria

Deep-bodied mojarra fish (Gerres erythrourus)
were used in this study. According to the obtained
results, the highest TPC value from the sediment
samples came from Point 3, with an average of 5.52
x10® CFU/mL; the lowest value was at Point 2, which
was 7.2 x 10° CFU/mL (Table 2). Sample 1.B.2 was
deemed ineligible for counting using TPC due to
having a total colony of <30 colonies. Meanwhile,
sample I.A.1 was classified as TNTC because the
value was >300 colonies. The TPC values for
sediment samples indicated that the highest TPC
value was observed from Point 2, namely 2.45 x 107
CFU/mL, while the lowest value was at Point 3, with
abundance at 1.53 x 10 CFU/mL (Table 3). Sample
S.A.2 was classified as TNTC. From the result, the
sediment bacteria have more abundance rather
than in fish gills. The similar findings also found
from Yuan and colleagues’ studies [7].

Table 2. Calculation results of Total Plate Count on fish samples.

Point Sample code Dilution Number of Colonies Total Plate Count (CFU/mL)
1 1.LA.1 104 371 TNTC
I.B.1 10 34 3.40 x 10°
Average TPC (CFU/ mL) 3.40 x 10°
9 1.A.2 104 72 7.20 x 10°
1.B.2 10 29 -
Average TPC (CFU/ mL) 7.20 x 10°
3 ILA.3 104 104 1.04 x 10°
1.B.3 10°° 100 1.00 x 107
Average TPC (CFU/ mL) 5.52 x10°

I: fish gills; A:10* dilution; B: 107 dilution; numbers (1,2,3): sampling point; TNTC: Too Numerous to Count
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Table 3. Calculation results of Total Plate Count on sediment samples.

Point Sample code Dilution Number of Colonies Total Plate Count (CFU/mL)

1 S.A1 104 170 1.70 x 10°
S.B.1 10-° 243 2.43 x 107
Average TPC (CFU/ ml) 1.30 x 107

9 S.A.2 104 353 TNTC
S.B.2 10-° 245 2.45 x 107
Average TPC (CFU/ ml) 2.45 x 107
3 S.A3 104 240 2.40 x 10°
S.B.3 10-° 66 6.60 x 10°
Average TPC (CFU/ mL) 1.53 x 10°

S: sediment; A:10° dilution; B: 107 dilution; numbers (1,2,3): sampling point; TNTC: Too Numerous to Count

3.2. Antibiotic resistance test

The activity of the inhibition zone formed from the
resistance test against the four antibiotics got
different results for each bacterial isolate. The most
resistant bacterial isolate in the sediment was
tested with Tetracycline, as evidenced by the
inhibition zone of 7.3 mm in isolate S.A.2.b (Table
4). The most resistant fish isolate was tested with
Erythromycin with an inhibition zone of 0 mm on
isolate I.A.1.d. Differences in the diameter of the
inhibition zone can be caused by the ability of
antibiotics to inhibit or kill bacterial growth will be
different between each isolate. Varied diameters of
inhibition zones indicate distinct levels of resistance
to antibiotics for each bacterium. A smaller zone of
inhibition suggests a higher level of resistance to
antibiotics in the bacterial isolate. Conversely,
bacterial isolates that produce larger inhibition
zone diameters are impede the
performance of antibiotics in killing or inhibiting
their growth.

The inhibition zone formed signifies the antibiotic's
capability to inhibit microbial protein synthesis and
its bacteriostatic nature [21]. Bacterial resistance
can occur due to two factors: primary factors and
supporting factors. Primary factors are the use of
antibiotic agents, the emergence of antibiotic-
resistant bacterial strains, and the dissemination of
resistant bacterial strains to other bacteria.
Supporting factors encompass the location of
infection, the effectiveness of antibiotics in
reaching the target organ of infection at
therapeutic concentrations, and environmental
ecology [22].

The results showed that the most resistant bacterial
isolates were tested with Ciprofioxacin, while the
most intermediate was found with Tetracycline

unable to

(Figure 1; Table 4). The most sensitive isolates were
observed with Chloramphenicol. In three out of the
four antibiotics tested, fish isolates exhibited a
higher number of resistant isolates. Isolates tested
with Chloramphenicol showed an equal number of
resistant isolates in both types of samples (Figure
2). The most resistant fish isolates were observed in
the with  Ciprofloxacin. that
demonstrated the highest resistance to three out of
the types tested were
predominantly from fish gill samples. This
phenomenon is believed to be due to the long-term
use of antibiotics, enabling bacteria in the fish's
body to adapt and develop resistance. Resistance
occurs when bacteria undergo gene mutations or
acquire mutated genes from other organisms that
encode resistance in response to antibiotic use [23].
Furthermore, gills are among the organs where
bacteria are most readily found. Gills serve as the
primary target
antibiotic treatment due to their function as water
filters for oxygen acquisition [24]. Unlike fins and
tails, which serve as means of locomotion, bacteria
can easily attach to gills [25]. Gills have lamellae
that play a crucial role in oxygen filtration while
also serving as a pathway for pathogens to enter
and infect them, as organic material present in the
gills can serve as a food source for these pathogens
[26]. Gill infections are more prevalent than in
other organs due to the exposure of these organs to
microbiota [27]. The highest number of resistant
bacterial isolates were observed in tests with
Ciprofloxacin. The presence of resistant isolates is
believed to be due to the prolonged use of
Ciprofloxacin, enabling bacteria in the body to
adapt and develop resistance to antibiotics.
Ciprofloxacin functions by inhibiting two bacterial

tests Isolates

four of antibiotics

for infectious diseases and
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enzymes: DNA gyrase and topoisomerase IV [28].
Additionally, the antibiotic Ciprofloxacin is a type of
antibacterial that is frequently used to treat
diseases due to its broader spectrum of action in
treating bacterial infections [29]. The increased use
of antibiotics raises the likelihood of pathogenic
bacteria modifying their cell structure to
counteract antibiotic interactions, leading to
antibiotic resistance [30]. Conversely, the highest

A. Sabdaningsih et al. / Advances in Environmental Technology 10(4) 2024, 360-373.

number of bacterial isolates in the sensitive
category were observed in tests with the antibiotic
Chloramphenicol. This high level of sensitivity may
be attributed to the infrequent use of this antibiotic
in treatment, as indicated by research by Sasongko
[31]. They found that Chloramphenicol had the
lowest level of resistance to E. coli compared to

other antibiotics tested.

Table 4. Results of inhibitory zone measurements in sediment and fish gill bacterial isolates.

Inhibition Zone

Isolate TE 30 pg Category E 15 pg (mm) Category C 30 ug Category CIP 5 ug Category
(mm) (*) (*) (mm) (*) (mm) (*)
S.A.l.a 22.68 S 22.83 S 28.08 S 21.07 S
S.A.2.a 14.48 | 23.87 S 16.67 | 11.74 R
S.A.2.b 7.30 R 1.74 R 19.73 S 9.55 R
S.A3.a 15.52 | 24.90 S 8.30 R 21.35 S
S.B.1.a 25.33 S 27.62 S 26.97 S 16.97 |
S.B.1.b 19.92 S 25.61 S 22.50 S 13.10 R
S.B.1.c 23.77 S 27.32 S 30.39 S 17.05 |
S.B.1.d 21.46 S 26.58 S 24.48 S 16.12 |
S.B.2.a 23.51 S 26.48 S 21.08 S 14.54 R
S.B.3.a 28.97 S 32.67 S 19.49 S 18.88 |
S.B.3.b 18.24 | 21.75 S 26.12 S 18.98 |
S.B.3.c 23.53 S 27.05 S 23.60 S 16.57 |
S.B.3.d 26.81 S 28.34 S 33.24 S 20.89 S
S.B.3.e 25.00 S 25.07 S 26.45 S 22.02 S
lLAl.a 19.68 | 33.77 S 34.44 S 10.83 R
ILA1.b 12.20 R 21.95 S 21.56 S 11.83 R
lLAl.c 14.14 | 3.34 R 19.65 S 12.18 R
lLA1.d 16.39 | 0.00 R 22.20 S 9.27 R
l.LA.2.a 13.01 R 3.81 R 19.72 S 7.56 R
LA.3.a 10.28 R 15.09 I 24.64 S 22.84 S
I.B.1.a 12.88 R 16.70 I 31.52 S 23.02 S
1.B.1.b 10.89 R 5.74 R 20.70 S 16.64 |
I.B.1.c 12.42 R 3.98 R 18.83 S 13.5 R
I.B.2.a 10.33 R 3.60 R 19.41 S 8.17 R
.B.2.b 14.16 | 22.98 S 22.86 S 11.66 R
1.B.2.c 12.29 R 23.18 S 9.64 R 11.23 R
1.B.3.a 15.05 | 2.46 R 19.99 S 8.03 R
1.B.3.b 12.63 R 22.92 S 23.07 S 9.90 R
1.B.3.c 13.67 R 2.88 R 19.50 S 8.48 R
1.B.3.d 14.42 | 25.07 S 22.94 S 10.92 R

S: Sediment; I: fish gills; A:10* dilution; B:10°° dilution; numbers (1,2,3): sampling point; (a,b,c,d): pure isolate; R: Resistant; I:
Intermediet; S; Sensitive: TE: Tetracycline; C: Chloramphenicol; CIP: Ciprofloxacin; E: Erythromycin; (*)= CLSI, 2021.
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Fig. 1. Categories of inhibition zones formed in bacteria against (a)Tetracycline, (b) Erythromycin, (c)

Chloramphenicol, and (d) Ciprofloxacin.

3.3. Gram staining

Based on the results of the Gram staining test on
the most resistant isolates, both types of isolates
exhibited red bacilli, indicating that the bacteria
were Gram-negative (Figure 3). Bacilli-shaped
bacteria are the most abundant bacteria in
nature [32]. This finding aligns with research by
Kamelia et al. [26], which stated that 64.7% of
the tested bacteria exhibited bacilli morphology,
while the remaining were cocci. Gram-negative
bacteria are unable to retain the iodine color
when exposed to alcohol. They possess cell walls

containing small amounts of peptidoglycan
compared to Gram-positive bacteria, but they
have an outer membrane  comprising
lipoproteins, phospholipids, and
lipopolysaccharides,  rendering them less
resistant [33]. The lipopolysaccharide content
also makes Gram-negative bacteria more virulent
than Gram-positive bacteria. Gram-negative
bacteria can thrive in environments containing
nitrogen and phosphorus originating from
farmed fish waste and leftover feed. Generally,
Gram-negative bacteria are pathogenic in fish
[34].
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Fig. 2. Comparison of resistant and non-resistant isolates (a) Tetracycline, (b) Erythromycin, (c) Chloramphenicol, and
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Fig. 3. Gram staining results of the most resistant bacteria in 1,000 X magnification (S.A.2.b: sediment bacterium;

I.A.1.d: fish bacterium).
3.4. Resistantisolate

The most resistant isolates in fish and sediment
were subjected to PCR to determine the species.
The electrophoresis results indicated that bacterial
DNA fragments from both sediment and fish
samples had a size of 1,500 base pairs (Figure 4).
The size of an organism's genomic DNA varies
depending on the organism. Prokaryotic organisms
generally have smaller genomes, both in terms of
base pairs and the number of genes, compared to

eukaryotic organisms [35]. The sequencing results
of each forward and reverse primer were then
combined by reversing the sequencing results to
perform pairwise reversal (reverse complement).
The base sequences obtained from the sequencing
results were then combined and analyzed using the
BLAST program. The results of 16S rRNA sequence
analysis using the BLAST program indicated that
isolate exhibited 100%
similarity to Vibrio alginolyticus, while the most

the most resistant fish
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exhibited 99.20%
similarity to Vibrio parahaemolyticus (Table 5).

resistant sediment isolate

10000 bp

2000 bp
1500 bp

1000 bp
750 bp

500 bp

250 bp

Fig. 4. Results of DNA electrophoresis of fish and
sediment bacterial genomes; 12: sample S.A.2.b; 13:
sample [LA.1.d.

Based on the phylogenetic tree, which includes
several sequence data from the NCBI GenBank for
comparison, it is evident that the bacteria from the
most resistant fish isolate (lI.A.1.d) were on the
same branch as Vibrio alginolyticus (Figure 5). This
bacterium is Gram-negative and has a rod shape. It
is commonly found in marine environments due to
its ability to survive high salt levels. V. alginolyticus
is a pathogenic bacterium that contaminates
aquaculture biota [36]. It often attacks fish when
their immune system is weak, leading to infections
and injuries that may result in death [37]. Moreover,
this bacterium can cause eye, ear, diarrhea, and
opportunistic infections in humans [38]. Similarly,
the most resistant sediment isolate (S.A.2.b) was

Table 5. BLAST results of fish and sediment DNA isolates.

on the same branch as Vibrio parahaemolyticus
with a bootstrap value of 99% (Figure 6). The
numbers on each branch of the tree show the
bootstrap value [35]. Vibrio parahaemolyticus is an
aquatic bacterium belonging to the Vibrionaceae
family. V. parahaemolyticus is Gram-negative and
has a rod shape. This bacterium is categorized as
quite dangerous  pathogenic
parahaemolyticus primarily attacks farmed fish,
such as shrimp, and is one of the leading causes of
disease in shrimp, notably as the causative agent of
Acute Hepatopancreatic Necrosis Disease [39]. V.
parahaemolyticus can also be pathogenic in the
human body because it contains the toxin
Thermostable Direct Hemolysin (TDH) or
Thermostable Direct Hemolysin Related Hemolysin
(TRH), which can cause nausea, vomiting, stomach
cramps, fever, and watery to bloody diarrhea. V.
parahaemolyticus can contaminate cultivated
biota; if consumed by humans, it can cause disease
or poisoning [40]. Quantitatively, more than one-
third of the bacterial isolates tested exhibited
resistance to Tetracycline and Ciprofloxacin. This
finding indicates the residuals antibiotic in the
environment could trigger resistance in bacteriq,
even though in the traditional pond is absence of
antibiotics usage. Regular monitoring of water
quality and disease surveillance can help minimize
bacterial infections. Government intervention in
controlling and monitoring the use and sale of
antibiotics is also essential. Additionally, training
sessions for drug sellers, feed distributors, and
farmers on increasing awareness of the dangers of
antibiotics will contribute to reducing their use in
aquaculture. Monitoring antibiotics in aquaculture
will facilitate a better understanding of their usage
and associated factors [41]. Rational use of
antibiotics is necessary to prevent the spread of
antibiotic-resistant bacteria [42].

bacteria. V.

Per.
Sample Code Species Score Query Coverage er. Acc. Number
Identity
Fish Gills . . . .
(1LA1d) Vibrio alginolyticus strain FBC23-131 750 100% 100.00% OR875846.1
Sediment Vibrio parahaemolyticus strain CZB-31 449 99% 99.20% KT023512.1

(S.A.2.b)
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Fish Gills [.A.1.d

ORE&73846.1 Vibrio alginolyticus strain ST4S

ORE36754.1 Vibrio owensii

CPO16345 1 Vibrio natriegens

KR347338.1 Vibrio harveyi

OQE29281.1 Vibrio orientalis

0Q230427.1 Vibrio campbelli

LC722373.1 Vibrio neocaledonicus

LC722372.1 Vibrio chemaguriensis

FRE73782.1 Photobacterium damselae

Fig. 5. Tree phylogenetic of antibiotic-resistant fish
bacterial 16S rRNA genes  (Neighbor-Joining
construction using 1000 bootstrap).

4. Conclusion

Based on the results, the abundance of bacteria in
the sediment and fish gills from the traditional
ponds in the Tirang Beach area was 1.53 x 10® to 2.45
x 107 CFU/mL and 7.20 x 10° to 5.52 x 10® CFU/mL,
respectively. The morphological characteristics of
sediment and fish gill bacterial isolates were
macroscopically dominated by a circular shape,
with the dominant color being milky white,
elevation being raised, and entire edges. Overall,
the highest resistance for all the isolates comes
from Ciprofloxacin. The most resistant bacteria in
fish gill identified as Vibrio alginolyticus type, a rod-
shaped Gram-negative bacterium, while the most
resistant sediment bacteria found were recognized
as Vibrio parahaemolyticus from the 16S rRNA gene.
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