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Activities in the Minapadi fish farming ecosystem are closely related to the role of
microorganisms, including degrading bacteria found in sediment. Therefore, in the short
term, this research aims to determine the proportion and activity index of proteolytic
bacteria isolated from the sediment of the mina rice cultivation system. Research is
expected to find the best isolate as a probiotic agent which can be used in fish cultivation
in the long run. The method used is observation. Sediment sampling was carried out using
a purposive random sampling method in two ponds of the Minapadi fish cultivation
system which have different characteristics. Sampling was taken at Block A and Block
E, at each location 3 points were taken, namely inlet, middle and outlet. The results of
the study showed that the proportion of proteolytic bacteria was found in the sediment in
varying proportions in Block A and Block B with respective values, namely inlet (72%;
68%), middle (76%; 72%), and outlet (52%; 48%). Proteolytic activity index with
successive values: inlet (0.4-4.0: 0.2-2.5), middle 0.6-6.0: 0.4-4.0 and outlet (0.3-3.8: 0.6-
4.0). Five bacterial isolates were found to have the highest proteolytic activity index (>4),
namely SAT.2, SAT.7, SAT.12, SAT.11, and SET.10. This research obtained interesting
results regarding the activity index and proportion of proteolytic bacteria isolated from
rice fish sediments. Most of the proportions of proteolytic bacteria from both blocks
showed higher proportions than the general bacteria obtained. Therefore, it can be
concluded that bacterial isolates are capable of biodegrading proteins found in organic
materials.

1. INTRODUCTION

environmental interactions, organisms, and microorganisms
found in the Minapadi pond environment. Considering these

Rice-fish farming system is an integrated method that
combines fish and rice cultivation in one location [1]. This
system is highly effective and efficient in rice fields with
sufficient water availability throughout the year, and the
dynamic interaction associated forms a unique ecosystem.
Fish activity in ponds acts as a biocontrol agent in reducing
pest and weed attacks on rice plants [2]. Meanwhile, rice
plants provide a protective shelter for fish during high water
temperatures, aiding in the reduction of ammonia
concentrations in water, and enhancing nitrogen solubility in
sediments [3]. A rice-fish farming system has a positive effect
on the farmer's economy as well because it creates an
ecosystem by cultivating fish using rice-fish farming
techniques, which can enhance yield diversity, improve soil
and water fertility, reduce the use of chemical fertilizers, limit
the growth of other plants, and reduce pests and diseases [4].
The advantages of the rice-fish farming ecosystem are
influenced by various things, especially the impact of
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advantages, cultivation with the system has potentials for
further development and study. In the rice-fish farming
cultivation system, microorganisms, especially bacteria, have
an important role in increasing the productivity of fish and rice
cultivation [5].

The new ecosystem created through rice-fish farming
system is closely related to the role of microorganisms,
including bacteria present in the environment [5]. However,
the potential of these bacteria has not been fully explored. One
of their functions is the degradation of organic matter
accumulated in sediments [6, 7]. Organic matter contained in
rice-fish farming system sediments mostly originates from
leftover feed, fish feces, as well as remains of rice plants that
fall and accumulate at the bottom of the pond [8, 9]. According
to MacKay [8] fish cultivation using the rice-fish farming
system increases the accumulation of organic matter by 0.09%,
total nitrogen by 0.04%, total phosphorus by 0.38%, nitrogen
availability by 22 ppm, and phosphorus availability by 2 ppm.
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These materials contain undegraded residual proteins which
affect water quality [10], hence, there is a need to explore and
screen for bacteria capable of breaking down organic matter
present in rice-fish farming system sediments [11]. One group
of microorganisms that play a role in protein degradation is
proteolytic bacteria [12]. In the environment, proteolytic
bacteria will break down organic compounds from the protein
group so that they do not accumulate as ammonia which can
pollute the aquatic environment [13]. In another study,
proteolytic bacteria have a positive correlation and both play a
role in bioremediation [14, 15].

Proteolytic bacteria produce protease enzymes [16], which
serve to hydrolyze proteins into amino acids [17]. Protease-
producing bacteria can improve protein digestibility and host
growth, as well as reduce organic pollutants in aquaculture [5,
18]. The proteolytic bacteria have a unique -catalytic
mechanism and are therefore well-suited to bioremediation
due to their broad substrate specificity and high resistance.
Some examples of these bacteria include the genus
Pseudomonas, Vibrio, Bacillus [19, 20], Pseudoalteromonas
[18], Alcaligenes, Flavobacterium, Corynebacterium [21],
Staphylococcus, and Plesiomonas [16]. Proteolytic bacteria
can be detected by measuring the hydrolysis zones around
colonies on selective growth media that contain skim milk.
The media used for proteolytic bacteria is designed to contain
80% casein, which is a type of protein. The hydrolysis process
breaks down protein molecules by breaking the peptide chains
in the medium. Proteolytic activity is measured by dividing the
diameter of the hydrolysis area by the diameter of the bacterial
colony, to obtain a result called the activity index [22-24].
Different bacteria have varying proteolytic activity index, for
example, Hastuti et al. [20] obtained values ranging from 1.62-
2.94, while Mulyasari et al. [25] recorded the largest index of
3.3. The higher proteolytic activity index, the greater the
ability of bacteria to produce protease enzymes.

The presence of proteolytic bacteria in the aquatic
environment is generally higher than other bacteria. This is
closely related to the role of proteolytic bacteria. In rice
cultivation environments, bacteria play a crucial role in fish,
rice plants, and environmental media. Proteolytic bacteria play
a crucial role in accelerating the metabolic breakdown of feed
compounds in fish so that they can be absorbed rapidly. In rice
plants, proteolytic bacteria play a role in the process of
degradation and absorption of nutrients by plant roots. Apart
from that, proteolytic bacteria can synergize with the nitrifying
bacteria group in mineralizing organic materials in the
nitrogen cycle. In the environment, proteolytic bacteria have a
role in degrading protein compounds so that they do not
become environmental pollutants such as ammonia. This
research seeks to discuss more complexly the role of
proteolytic bacteria in the integrated environment of fish and
rice plants, namely mina padi. Additionally, the development
of mina padi fish cultivation in Indonesia is progressing very
rapidly, so probiotics will be needed in the future in order to
support the growth of the plant.

2. MATERIALS AND METHODS
2.1 Research time and place
The research was conducted between September 10 to

November 10, 2022, while the data processing and thesis
preparation continued from January to June 2023. Sediments
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sampling was carried out in rice-fish farming system pond in
Panembangan Village, Cilongok District, Banyumas Regency.
The preparation of tools and materials for conducting the
Gram test, catalase, and oxidase tests of proteolytic bacteria
was performed at the Microbiology Laboratory of
Muhammadiyah Purwokerto University, and the Research
Laboratory, Faculty of Fisheries and Marine Science, Jenderal
Soedirman University.

2.2 Sample collection

Sediment sampling was carried out using a purposive
random sampling method in two rice fish farming system
ponds which have different characteristics. The first is Block
A, at this location 3 points were taken, namely inlet, middle
and outlet. This location is characterized by sandy sediments
that are fed by water directly from the mountains. Then second
is Block E, at this location three points were taken, namely
inlet, middle and outlet. This location has a muddy sediment
type and is irrigated from water passing through residential
areas (Figure 1). The sampling process was carried out using
a sterile spoon, where sediments were taken at the top layer of
the surface, placed in a petri dish under sterile conditions, and
stored in a cool box for further processing in the laboratory.
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Figure 1. Sediments sampling locations of rice-fish farming
system ponds

2.3 Bacteria isolation

Bacteria isolates were taken by weighing 0.1 g of sediments
samples, which were suspended in 1 mL of physiological
solution (NaCl 0.8%), and homogenized with a vortex. The
sample suspension was serially diluted three (10-'-10-%). For
the 10°! dilution, 0.5 mL of the sample suspension was taken
and homogenized with 4.5 mL of physiological solution in the
first tube. And then, take 0.5ml of the tube (10!) dilution and
add in to the tube (10?) dilution than homogenies. This process
was repeated for the subsequent tubes creating dilutions 107,
Subsequently, 0.5 mL of each dilution sample was taken and
cultured using the pour plate method on TSA media.
Incubation was carried out for 18-24 hours at 28°C to facilitate
bacteria growth [26].



2.4 Bacteria abundance calculation

Colonies that grew on each TSA media, namely at dilutions
10! to 10, were counted entirely using a counter tool.
Afterward, the abundance of sediments bacteria was
calculated using the total plate count (TPC) method with
colonies numbering 30-300 [27]. This calculation referred to
the equation outlined by Madigan and Martinko [28].

CFU
Number of bacteria (7)

= Number of colony X
1
X X .
Culture volume  Sample weight

Dilution
1

2.5 Observation of bacteria morphology

Bacteria that grew on TSA media were first observed
macroscopically for colony morphology, comprising color,
shape, elevation, edge, and size [29]. A total of 25 isolates of
bacteria colonies that grew separately were taken from each
sample dilution. The selection was based on visible
morphological differences, and bacteria were stocked using
the streak plate technique on TSA media.

2.6 Proteolytic activity testing

Proteolytic activity was evaluated by transferring bacteria
culture using an ose needle into TSA media, followed by
streaking on skim milk agar media, and incubation for 48
hours at 28°C. Bacteria isolates with proteolytic activity
showed a clear zone around the colony. The diameter of both
bacteria colony and the clear zone formed was measured to
determine proteolytic activity index [30, 31]. The
measurement results were entered into proteolytic activity
calculation formula as quantitative data [26]. The formula for
calculating proteolytic activity index referred to Firliani et al.
[32]:

Proteolytic Activity
Clear zone total diameter — bacterial colony diameter

bacterial colony diameter

Proportion of proteolytic bacteria was calculated using the
formula by Sinatryani [33]:

Proportion of proteolytic bacteria
Number of proteolytic bacteria colonies obtained

Total number of colonies observed

100

2.7 Gram observation

For the gram observation, 1 drop of 3% KOH was dripped
on the glass object, then a single bacteria isolate was taken
from each culture stock (1 ose) and placed on the stock.
Positive Gram result was characterized by no mucus formation
when the ose was lifted, while negative Gram outcome was
indicated by the formation of mucus [34].

2.8 Catalase test
Catalase testing was performed using one drop of hydrogen

peroxide (H»O;) solution dripped on the glass object.
Proteolytic bacteria isolates were taken up to 1 ose from each
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culture stock and then observed on a glass object containing
H>0O, solution. Positive results were characterized by the
formation of gas bubbles, with the appearance of several
bubbles indicating a weak reaction. Meanwhile, negative
results were characterized by the absence of gas bubble
formation [35].

2.9 Oxidase test

The oxidase test involved taking 1 ose of proteolytic
bacteria isolate, followed by observation on a glass object
added with 1-2 drops of tetramethyl-blue reagent and covered
with filter paper. Positive oxidase result was marked by a
change in the color of the paper to blue or dark purple, while
the absence of color change indicated a negative result [36].

2.10 Data analysis

The data obtained on bacteria abundance, colony
morphology, proteolytic activity index, bacteria abundance,
Gram percentage, catalase, and oxidase test analyzed statistics
and were presented in the form of figures, tables, and graphs.
Therefore, the data were analyzed descriptively and compared
with the literature.

3. RESULTS AND DISCUSSION

3.1 Bacteria abundance in rice-fish farming system
sediments

The abundance of bacteria found in rice-fish farming system
sediments showed varied values at each sampling point, with
greater abundance in the middle point compared to the inlet
and outlet, as shown in Figure 2.

Bacterial Abundance in Rice Fish
Farming Sediments
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Figure 2. Bacteria abundance in rice-fish farming system
sediments

Based on Figure 2, the bacterial abundance value in block
A at the inlet point is 5.7 <105 CFU/g, the middle point is 7.0
x 105 CFU/g, and the outlet point is 7.0 x 105 CFU/qg.
Meanwhile, the bacterial abundance value in block E at the
inlet point was 2.0 <105 CFU/g, the middle point was 9.3 =
105 CFU/g, and the outlet point was 6.0 <105 CFU/g. The
results of the study showed quite high values compared to
research by Kasprijo et al. [37] which reported an abundance
of bacteria from Minapadi pond sediment of 1.8 <105 CFU/g.
The high value of bacterial abundance found in pond
sediments is an indicator of organic material pollution in the
pond [38]. Differences in abundance values at each point



indicate the presence of different organic materials. conditions of bacteria life may cause changes in the

Organic matter contained in rice-fish farming system morphological and physiological properties.
sediments accumulated at the middle point due to water flow
patterns, leading to increased bacteria growth in the center of 3.3 Proteolytic bacteria proportion in rice-fish farming
the pond. There were also significant differences in the flow system sediments
of water. In block A, the water directly originated from the
mountains, while in block E, it passed through the community Proportion of proteolytic bacteria was indicated by the
settlement before entering the pond. This disparity affected the presence of protease enzyme activity produced. This was
accumulation of organic matter contained in sediments. Water showed by the formation of a clear zone around bacteria
flow that has passed through community settlements may colonies (Figure 3). The size of the clear zone indicates
carry organic matter from household waste. The accumulation activity of protease enzymes.

of organic matter caused an increase in the abundance of
bacteria within the sediments [9]. The higher the organic
matter in the pond, the greater bacteria abundance [39].

Another factor that affected the difference in the abundance
of bacteria was the type of sediments. In Block A rice-fish
farming system pond, the sediments were majorly sandy,
while Block E had a muddy type. These differences
significantly affected the abundance and community of
bacteria [40]. According to Irene et al. [41], the presence of
bacteria was more predominant in mangrove areas with sandy
and muddy sediments types.

Bacteria colonies 1

e

Skim milk media J

3.2 Morphology of bacteria in rice-fish farming system

sediments Figure 3. Protease enzyme activity produced by proteolytic
bacteria

The morphology of bacteria colonies observed varied
significantly, consisting of 102 different types, out of the 150 The clear zone that forms around bacterial colonies is the
isolates obtained. The morphological variations were result of breaking down protein peptide bonds into simpler
classified based on Bergey's Manual of Determinative peptides [46]. Casein contained in skim milk is a protein
Bacteriology [29] which included shape, elevation, edge, color, consisting of phosphoprotein which binds to calcium and
and size. Based on the results, the colony shapes obtained were forms calcium calceinate salt which makes the growth medium
circular, irregular, filamentous, rhizoid, spindle, and for proteolytic bacteria white [23, 47]. Protease enzymes
punctiform, while elevations consisted of convex, crateriform, produced by bacteria cause casein to hydrolyze into soluble
raised, pulvinate, umbonate, and flat. Furthermore, edges amino acids so that the white color in the growth medium
comprised entire, undulate, lobate, and filamentous. The disappears and a clear zone form around the bacterial colony
colony colors included milky, clear, grayish, creamy, [48]. The proportion of bacteria capable of producing protease
brownish, and yellowish-white, yellow, white, brownish- enzyme activity was calculated to determine the distribution
yellow, creamy brown, and light yellow, while sizes consisted of proteolytic bacteria found in Rice-Fish farming sediments.
of small, medium, and large. According to Rice-Fish systems sediments, proteolytic

The differences in colony morphology indicated that bacteria play an important role in the degradation of proteins
bacteria isolates stemmed from various species [42]. Factors found in organic matter.
that affect variations in shape, color, and general Proteolytic activity test showed that among the 150 bacteria
morphological characteristics of bacteria include age, certain isolates obtained from rice-fish farming system sediments, 97
growth requirements, environment (biotic and abiotic), food exhibited proteolytic activity. The highest proportion of
(growth medium), temperature, pH, and free oxygen [43, 44]. proteolytic bacteria was found at the middle point, followed
According to Zuraidah et al. [45], the environmental by the inlet and outlet, as presented in Table 1.

Table 1. Proteolytic bacteria proportion in rice-fish farming system sediments

Number of Isolates Number of Proteolytic Isolates Proportion (%)

Sample

Block A Block E Block A Blok E Block A Block E

Inlet 25 25 18 17 72 68

Middle 25 25 19 18 76 72

Outlet 25 25 13 12 52 48
Based on Table 1, the highest proportion of proteolytic parts including roots, straw, and flowers present in the pond.
bacteria was found at the middle point in both blocks, namely These materials serve as a source of protein for proteolytic
76% in block A and 72% in block E. The accumulation of bacteria [8]. According to previous research, the abundance of
protein-containing organic matter caused the high proportion protein sources in the pond facilitates the dominance of
of proteolytic bacteria found at the midpoint of rice-fish proteolytic bacteria to carry out their function as protein
farming system pond sediments. This organic matter stemmed decomposers [49]. The high protein content provides a suitable

from leftover feed and fish feces [11], as well as rice plant environment for their growth and development [50].
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3.4 Proteolytic activity index of bacteria in rice-fish
farming system sediments

Proteolytic bacteria activity index was obtained by dividing
the diameter of the clear zone by that of the colony. The
highest average proteolytic activity index value was obtained
at 48 hours of incubation time, as presented in Figure 4.
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Figure 4. Proteolytic activity index of bacteria in rice-fish
farming system sediments
Description: Quartile 1 (q1): The lowest distribution of proteolytic index
data; Minimum: The lowest proteolytic index value; Median: The middle
value of proteolytic index; Mean: Average value of proteolytic index;
Maximum: Highest proteolytic index value; Quartile 3 (q3): Highest
proteolytic index data distribution; Box plot: Proteolytic index data set.

The proteolytic index values obtained in our research
ranged from 0.1 - 6.0. The distribution of proteolytic bacteria
obtained from each sampling point is presented in the box plot
in Figure 4. There are differences in the proteolytic index at
each sampling point. These differences indicate the ability of
bacteria to produce protease enzymes [51], as also stated by
Paskandani et al. [52]. Each bacteria species has varying
capabilities of producing protease enzymes with different
activity index [16]. Based on the results, certain bacteria
isolates did not yield proteolytic index, evidenced by the
absence of clear zones around colonies due to the inability to
produce protease enzymes [53]. Another factor that affected
the difference in proteolytic index was the length of incubation
time. This factor influenced the production of protease
enzymes [54].

Based on the results, bacteria isolates obtained had a high
proteolytic activity index > 3, characterized by the formation
of large clear zones [55]. According to Irene et al. [41],
proteolytic index was categorized into 4 groups, namely very
low (£ 1), low (1-2), medium (2-3), and high (> 3). Proteolytic
activity index values obtained are presented in Table 2. Of the
97 bacterial isolates that have proteolytic activity index, then
narrowed down to 25 bacterial isolates with the highest
proteolytic activity index of more than three (>3). The high
index of proteolytic activity indicates the ability of bacteria to
produce protease enzymes. The amount of protease enzyme
produced shows the potential of bacteria as environmental
bioremediation agents [56].

Table 2. Highest proteolytic bacteria activity index

Block Point  Best Isolate  Proteolytic Activity Index (cm)
Block A Inlet SAI8 4.0
SAI.15 3.8
SAI.16 3.7
SAL23 3.8
Middle SAT.1 3.1
SAT.2 4.2
SAT.6 3.6
SAT.7 6.0
SAT.11 4.2
SAT.12 55
SAT.13 4.0
SAT.14 3.7
SAT.21 3.4
Outlet SAO.2 3.8
SAO.7 3.3
SA0.15 3.3
Block E Inlet SEIL.25 3.4
Middle SET.1 4.0
SET.2 4.0
SET.10 4.2
SET.20 4.0
SET.21 3.8
SET.22 3.7
SET.23 3.5
Outlet SEO.5 4.0

Description: SALS: Sediments block A inlet isolate 8, etc.; SAT.1: Sediments block A middle isolate 1, etc; SAO.2: Sediments block A outlet isolate 2, etc;
SEI25: Sediments block E inlet isolate 25; SET.1: Sediments block E middle isolate 1, etc; SEO. 5: Sediments block E outlet isolate 5.

This study obtained interesting results regarding the activity
index and proportion of proteolytic bacteria isolated from rice-
fish sediments. Most of the proportions of proteolytic bacteria
from both blocks showed higher proportions than the general
bacteria obtained. Then as many as 25 bacterial isolates
showed an activity index in the high category. Several studies
state that the presence and high activity index of proteolytic
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bacteria shows a positive correlation with the protein content
in the environment. The higher the number of proteolytic
bacteria, the higher the protein content in the environment.
This is because protein is a carbon source for proteolytic
bacteria so that the presence and activity of proteolytic bacteria
are closely related [57]. The results of this research can
illustrate that the protein content in the rice-fish system



environment has organic material, especially high protein. The
presence of proteolytic bacteria in this environment has a very
good impact on the environment. The buildup of protein in the
environment will cause increased levels of ammonia which
can be toxic to cultivated biota. However, the presence of
proteolytic bacteria will break down protein compounds and
synergize with nitrifying bacteria which will convert them into
nitrites and nitrates so that they can be beneficial for the
environment [15, 58]. The potential and abilities of these
bacteria continue to be developed by researchers in order to
obtain environmentally friendly biotechnology products as
bioremediation agents.

3.5 Gram test results, catalase and oxidase activity of
proteolytic bacteria

The gram, catalase, and oxidase tests were carried out to
further assess the characteristics of proteolytic bacteria, and
the results obtained are presented in Table 3.

Among the 97 bacteria isolates with proteolytic activity, 57
were Gram-positive, while 40 were negative. These results
show the predominance of Gram-positive proteolytic bacteria
compared to the negative ones. Gram-positive bacteria are
generally found in sediments and soils [59], have thick
peptidoglycan walls that protect cells from extreme

environmental conditions, and also contribute the
degradation of complex compounds [60].

Based on the results, 77 isolates were found to have positive
catalase activity, indicating that the majority of proteolytic
bacteria produced the catalase enzyme. This enzyme is used
by bacteria to catalyze the decomposition of hydrogen
peroxide into water and oxygen, as well as methanol, ethanol,
formic acid, thiols, and phenols [61]. Hydrogen peroxide is
toxic to bacteria cells because it potentially inactivates
enzymes in cells, causing harm [62]. The elevated production
of catalase enzymes was caused by increased oxygen levels,
the large accumulation of H>SO> in cells, and high organic
matter. The prevalence of catalase-producing bacteria can
serve as an indicator of pollution levels [63, 64].

A total of 59 proteolytic bacteria isolates were found to have
positive oxidase activity, indicating that the majority of
proteolytic bacteria produced the enzyme, cytochrome oxidase
[65]. This enzyme plays a crucial role in the electron transport
chain during aerobic respiration, enabling bacteria to reduce
molecular oxygen, leading to the production of water and
energy as byproducts. Bacteria lacking this enzyme rely on
fermentation rather than respiration for energy metabolism
[66-68]. The production of cytochrome oxidase enzyme can
also be used to identify certain bacteria [69].

to

Table 3. Gram, catalase, and oxidase test results of proteolytic bacteria

Block Point Gram Test Catalase Test Oxidase Test

(*) ) () () () ()

Block A Inlet 6 12 16 2 7 11

Middle 14 5 13 6 8 11

Outlet 6 7 10 3 7 6

Block E Inlet 10 7 11 6 14 3

Middle 17 1 17 1 15 3

Outlet 4 8 10 2 8 4

Table 4. Characteristics of proteolytic bacteria isolates with potential

Isolate Code Form Elevation Edges Gram Catalase Oxidase 1P
SAT.2 Circular Convex Entire + + + 42
SAT.7 Filamentous Umbonate Filalmentous + - - 6,0
SAT.11 Circular Umbonate Entire + + - 4,2
SAT.12 Circular Pulvinate Entire + - - 55
SET.10 Irregular Flat Undulate + + + 4,2

Description: SAT.2: Sediments block A center isolate 2, SAT.7: Sediments block A center isolate 7, SAT.11: Sediments block A middle isolate 11, SAT.12:
Sediments block A middle isolate 12, SET.10: Sediments block E middle isolate 10; IP: Proteolytic Index.

Among the 97 bacteria isolates capable of producing
proteolytic enzymes, 5 exhibited the highest activity index,
namely SAT.2, SAT.7, SAT.12, SAT.11, and SET.10.
Specifically, isolates SAT.2 and SET.10 showed positive
Gram staining as well as catalase and oxidase activity, while
SAT.7 and SAT.12 exhibited positive Gram staining, negative
catalase, and oxidase activity. Isolate SAT.11 was positive
Gram, with positive catalase, and negative oxidase activity.
The five bacteria isolates showed great potential as degraders
of organic matter contained in rice-fish farming system
sediments. However, their precise identity was unknown,
indicating the need for further biochemical and molecular
characterization.

4. CONCLUSION

Based on the study results, there was a difference in the
abundance of bacteria between Blocks A and E, where the
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abundance of bacteria in Block E was higher, namely around
2.0 - 9.2 high organic material content. Proteolytic bacteria
form different proportions in the two blocks despite their
relatively high bacterial abundances (Table 4). The highest
proportion of proteolytic bacteria was found at the middle
point of the two blocks, namely in Block A (76%) and Block
E (72%). This difference in proportion is related to the
accumulation of organic material with high protein content
which is carried by water currents and settles in the middle of
the pond. The high proportion of proteolytic bacteria found in
sediment indicates a faster degradation process of organic
material in the pond. This research also obtained five bacterial
isolates that had the highest proteolytic activity index (>4),
namely SAT.2, SAT.7, SAT.12, SAT.11, and SET.10. The
high activity of the protease enzyme produced by the five
isolates obtained shows its high ability to degrade proteins
found in organic materials. These five isolates have the
potential to convert organic waste and fish waste into probiotic
agents that can break down organic compounds in the



environment.
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