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Abstract: The production of freshwater pomfret (Colossoma macropomum) in Indonesia is abundant, but the 

digestive tract waste weighing 10-15% of the fish body is not widely utilized. The fish's digestive tract can 

potentially produce lactic acid bacteria (LAB). Lactic acid bacteria have a proteolytic system that can produce 

extracellular protease enzymes. Protease enzymes are the most widely utilized enzymes in various industries and 

have a global revenue of up to $2.1 billion in 2021. Protease enzymes derived from microbes are in great 

demand due to the efficiency of time, place, cost, and better cultivation techniques than animal and plant 

sources. This study aimed to isolate and identify proteolytic lactic acid bacteria from the intestines of freshwater 

pomfret fish and determine their proteolytic index. The methods used were morphological, biochemical, sugar, 

and proteolytic tests. The BAT-A isolate with the highest proteolytic index of 2.52 with characteristics of Gram-

positive, non-spore, facultatively anaerobic, catalase-negative, non-motile, homofermentative, can ferment 

glucose, maltose, lactose and sucrose which were then identified as proteolytic lactic acid bacteria Enterococcus 

sp which has the potential as a candidate source of protease enzymes from bacteria isolated from the intestines 

of freshwater pomfret. 
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INTRODUCTION 

Freshwater pomfret (Colossoma macropomum) 

has great potential to be utilized. The production of 

freshwater pomfret fish seeds in Indonesia increases 

every year; the data in 2014-2016 were 550,210,00 

heads to 1,453,810,000 heads [1]. The utilization of 

freshwater pomfret commodities is generally only 

consumed by the public as fillet meat, which is only 

about 38% of the fish body; the rest is waste in the 

form of bones, scales, and fish entrails. Some fish 

species are reported to have viscera weighing up to 

10-15% of their body weight [2]. 

The market revenue of protease enzymes 

globally is estimated to reach $2.21 billion by 2021 

and is the most dominant enzyme utilization [3]. 

Protease production from animal sources cannot meet 

the worldwide industrial demand. Therefore, 

microbial sources of protease enzymes are the most 

preferred alternative for commercial production. This 

is due to various advantages, including rapid 

microbial growth, cultivation methods, and relatively 

easy genetic manipulation protocols [3], [4].   

Several studies have found various species of 

proteolytic lactic acid bacteria derived from the 

digestive tract of animals, especially fish [5]. The 

research of Govindaraj et al. (2021) isolated LAB 

from the intestines of freshwater fish, which showed 

significant hydrophobicity and secretion of 

extracellular enzymes such as amylase, protease, and 

lipase[6].  

Efforts to isolate and identify the target 

proteolytic lactic acid bacteria from the intestines of 

freshwater pomfret need to be carried out to obtain a 

candidate source of protease enzymes that are 

effective as an initiation of the utilization of fish guts, 

especially the intestinal organs of freshwater pomfret, 

have not been widely carried out. This study aims to 

isolate and identify proteolytic lactic acid bacteria 

isolates found in the intestines of freshwater pomfret 

(Colossoma macropomum) and determine the index 

value of their proteolytic activity. 

 

RESEARCH METHODS 

The materials used in this study included 10 

freshwater pomfret fish, Merck MRS agar selective 

media, Merck MRS broth, Himedia Skim Milk Agar, 

Phenol Red media, glucose, Himedia SIM media, 

Merck CaCO3, OneMed 70% alcohol, OneMed 96% 

alcohol, Lugol, Otsu 0.9% physiological NaCl 

solution, distilled water, crystal violet, safranin, 

malachite green and OneMed 3% H2O2.  

Tools used include tweezers, knife, petri dish, 

test tube, Hirayama autoclave, Mermet incubator, 

glass slide, Eppendorf micropipette, Nikon light 

microscope, magnetic stirrer, vortex and Laminar Air 

Flow. 

 

Media preparation 

200 ml of physiological NaCl was added to an 

Erlenmeyer flask along with 13.4 grams of MRS agar 

media and one gram of CaCO3, stirred until 

homogeneous. 15 ml of MRS agar and CaCO3 media 

mixture was poured into petri dishes after autoclaving 

for 15 minutes at 121°C and 1 atm pressure [5]. 

 

Bacterial isolation 

Proteolytic lactic acid bacteria were isolated by 

planting (inoculation) of bacteria starting with a 
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multistage dilution process. One gram of mashed 

Pomfret gut was diluted into 9 ml of physiological 

NaCl in a test tube (10-1 series). Dilution continued 

until the 10-8 series, and then injection was carried out 

by taking 1 ml of sample using a micropipette from 

dilutions 10-4 to 10-8 poured into each Petri dish 

containing solid MRS agar media. Petri dishes are 

then shaken, like in Figure 8, until the sample is 

evenly distributed, then at 37ºC for 24 hours, the 

incubation process is carried out [5]. 

 

Purification of isolates 

Select five colonies with the largest clear zone, 

perfectly round colonies, flat colony edges, milky 

white or yellowish color, and convex colony 

elevation. The selected colonies were purified using 

the four quadrant scratch technique aseptically onto 

MRS agar solid media; then, incubation was carried 

out at 37ºC for 24 hours. The purification stage with 

the scratch method was repeated 5-7 times to obtain 

truly pure colonies [7],[8]. 

 

Morphological test  

Morphological tests include observation of 

isolate shape, Gram staining, and spore staining. 

Gram staining is done with crystal violet as a primary 

dye, lugol, distilled water, 96% alcohol, and safranin 

solution as a secondary dye. Gram-positive bacteria 

are characterized by purple bacterial cells, and Gram-

negative bacteria are characterized by red bacterial 

cells [9].  

Spore staining is done by the Schaeffer-Fulton 

method through heating using 1% malachite green 

solution as the primary color, distilled water, and 

safranin solution as the secondary color. Spore-

forming bacteria are colored green-blue, and non-

sporing bacteria are colored red. Observations were 

made under a light microscope at 400x and 1000x 

magnification [10]. 

 

Biochemical test 

1. Oxygen response test 

One or two doses of pure bacterial isolates 

were inoculated into liquid MRS broth media 

homogenized with a vortex to determine the type of 

respiration. For 24 hours, the incubation process was 

carried out at 37°C. Observations focused on the 

location of bacterial growth [11]. 

 

2. Catalase test 

A sterile glass slide was applied with one or 

two ounces of pure bacterial isolate and then an 

excess of 3% H2O2 solution with a dropper pipette. 

We observed gas bubbles formed on the object glass. 

The presence of gas bubbles that appear is a sign of 

the presence of catalase enzyme produced by 

bacteria[12]. 

 

 

 

3. Motility test 

The autoclaved SIM media was added to a test 

tube with a lid of 10 ml and waited until it was semi-

solid; an Ose needle containing bacterial isolates up to 

a few centimeters for 24 hours; the incubation process 

was carried out at 37°C. The results show positive 

when bacterial growth is spread throughout the media, 

observed based on the color of the media, which 

becomes cloudy. Non-motile results (negative) if 

bacterial growth does not spread and visible traces of 

Ose needle puncture [13]. 

 

4. Sugar test 

Media for the sugar test is phenol red broth 

base media to which various sugars are added at a 

concentration of 0.1% (w/v). A Durham tube was 

placed in a test tube to observe gas production, and 5 

ml of media was added. One Ose of pure bacteria was 

aseptically inoculated into the media and incubated 

for 24 hours at 37°C. A yellow color change indicates 

success and bubbles trapped in the Durham tube 

indicate gas production [14]. 

 

5. Proteolytic test 

Bacterial inoculation is carried out by bottling 

bacterial isolates with an Ose needle into skim milk 

media that has hardened as many as 5 points, followed 

by incubation at 37°C within 24-48 hours [5]. A clear 

zone around the colony indicates the presence of 

proteolytic activity in bacteria. The proteolytic index 

value was obtained based on the formula: 

PI= 
Clear zone diameter  - colony diameter 

colony diameter
 

 

Data analysis 

The descriptive data analysis method was used 

to analyze the research data. Data collection based on 

morphological, biochemical, and sugar tests was used 

to identify bacterial species based on the book 

Determinative Bacteriology by Bergey (1994) and 

protease enzyme activity tests based on proteolytic 

index. 

 

RESULTS AND DISCUSSION 

Isolation and purification of bacteria 

Bacterial cultivation of dilution series 10-4 to 

10-8 by pour plate method on MRS agar media 

resulted in the number of colonies more than 300 

colonies on cups 10-4 and 10-5, 239 bacterial colonies 

on petri dish10-6, 49 colonies on petri dish10-7 and 1 

colony on petri dish10-8. The colonies were selected 

for purification from cups 10-6 and 10-7 so that they 

were easy to observe and the distance between 

colonies was separate. Two colonies were taken from 

plates 10-6 and three from plates 10-7, producing clear 

zones, perfectly round, milky white, flat colony edges, 

and convex colony elevations. The five isolates were 

purified 7 times with the four-quadrant streak method. 

Then, the five isolates were named BAT-A, BAT-B, 

BAT-C, BAT-D, and BAT-E.  
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Morphological test 

1. Gram staining 

The Gram staining results showed that the five 

isolates were gram-positive; the cells were purple 

after being observed on a light microscope at 400x 

magnification. Cell shape was also observed under a 

light microscope at 1000x magnification at the Gram 

observation stage. Five target isolates have a locus 

cell shape (round), as shown in Figure 1. 

  

 
Figure 1. Gram staining of BAT-A, BAT-B, BAT-C, 

BAT-D and BAT-E isolates 

 

2. Spore staining 

Observation of spores carried out under a light 

microscope at 400x magnification resulted in the five 

isolates having no spores or non-spores that cannot 

maintain the green color of malachite green, seen that 

the cells are red from the safranin solution, which can 

be observed in Figure 2. 

 

 
Figure 2. Spore staining of BAT-A, BAT-B, BAT-C, 

BAT-D and BAT-E isolates 

 

Biochemical test 

1. Oxygen response test 

The data obtained after the bacteria were 

inoculated on MRS broth media shows that the five 

isolates have a type of facultative anaerobic 

respiration, which is the ability of bacteria to live in 

the presence of an oxygen supply but can also survive 

without an oxygen supply. Bacterial growth collected 

at the bottom of the tube and partially floating in the 

middle indicates bacterial growth away from the 

oxygen source, namely the upper surface, shown in 

Figure 3. 

  
Figure 3. Oxygen response of BAT-A, BAT-B, 

BAT-C, BAT-D and BAT-E isolates 

 

2. Catalase test 

Based on the data, the five isolates show 

negative catalase results when dripped with 3% 

H2O2, which does not produce oxygen bubbles, 

meaning that the bacteria do not produce catalase 

enzymes that react with H2O2. 

Motility test 

The data obtained from the motility test, 

namely five isolates of lactic acid bacteria from the 

intestines of freshwater pomfret fish, showed negative 

or non-motile results. It can be seen in Figure 4 that 

the puncture marks on the semi-solid SIM media are 

straight lines without spreading, and the color of the 

media is not cloudy due to the absence of bacterial 

growth that spreads. 

 

 
Figure 4. Motility test  of BAT-A, BAT-B, BAT-C, 

BAT-D and BAT-E isolate 

 

Table 1. Morphological and biochemical test results 

 

Test BAT-A BAT-B BAT-C BAT-D BAT-E 

Colony 

Shape 
Round Round Round Round Round 

Color  
Milky 

White 

Milky 

White 

Milky 

White 

Milky 

White 

Milky 

White 

Margin Regular Regular Regular Regular Regular 

Elevation Convex Convex Convex Convex Convex 

Cell 

Shape 
Coccus Coccus Coccus Coccus Coccus 

Gram + + + + + 

Spore - - - - - 

Response 

O2 
FA FA FA FA FA 

Catalase - - - - - 

Motility - - - - - 

Note: FA = Facultative Anaerob; + = positive; - = negative  

 

3. Proteolytic test 

Bacterial isolates with characteristics of lactic 

acid bacteria, namely gram-positive, non-spore, 

catalase-negative, and non-motile, are then subjected 

to proteolytic tests to determine their potential to 

produce protease enzymes. Five isolates of lactic acid 

bacteria inoculated on skim milk agar media produce 

a clear zone, thus indicating that the five isolates have 

proteolytic activity. The proteolytic index calculated 

from 5 inoculation points is presented in Table 2 as 

follows. Based on the data, isolate BAT-A has the 

highest proteolytic index of 2.52, and isolate BAT-C 

has the lowest proteolytic index of 1.29. 

 

Table 2. Proteolytic test results 

 

Isolate PI 1 PI 2 PI 3 PI 4 PI 5 Average 

BAT-A 3.5 2.6 1.67 2.13 2.71 2.52 

BAT-B 2.6 2.8 2.63 2 1.67 2.34 

BAT-C 1.5 2 1.17 0.78 1 1.29 

BAT-D 1.57 2.8 2.5 1.3 1.1 1.85 

BAT-E 1 1 1.9 0.85 2.17 1.38 

Note: PI = Proteolytic Index 

Sugar test 

 

The sugar test was conducted on BAT-A 

isolate, which has the highest proteolytic index. Based 
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on the data, BAT-A isolate can ferment glucose, 

maltose, lactose, and sucrose. In this test, the type of 

fermentation is also known, namely BAT-A isolate is 

homofermentative bacteria, which means that it only 

produces one main product in its fermentation, 

namely lactic acid, which is known from the change 

in media color from reddish to yellow due to the acid 

formed. In this test, it is also known that BAT-A 

isolate cannot ferment sorbitol and mannitol. Based 

on morphological test data, biochemical tests, and 

sugar tests, the identification of bacteria based on 

Bergey's Determinative Bacteriology 9th Edition book 

is known that BAT-A isolates are lactic acid bacteria 

of the Enterococcus genus that have proteolytic 

activity. 

 

Discussion 

Isolation and purification of bacteria 

Isolation separates one type of bacteria from its 

original environment by inoculating a small sample 

into culture media. The use of 0.9% physiological 

NaCl in the dilution series to maintain the same 

osmotic pressure as the usual environment of living 

bacteria prevents the rupture of bacterial cells due to 

the difference in osmotic pressure inside the cell 

compared to outside the bacterial cell. Two colonies 

were taken from petri dish10-6 and three from petri 

dish10-7, producing clear zones, perfectly round, 

milky white, flat colony edges, and convex colony 

elevations. Isolated lactic acid bacteria that have 

round-shaped colony morphology, milky white, flat 

edges, and convex elevations [7,15]. 

Purification of 5 isolates was carried out with 

the four-quadrant method 7 times. The principle of 

isolate purification is to separate 1 type of bacteria 

from a mixed culture by inoculating 1 separate colony 

into a new medium. Purifying bacteria is important in 

the identification process so there are no test errors 

due to contaminants or different types of bacteria in 1 

isolate culture [8]. The pure isolates obtained were 

BAT-A, BAT-B, BAT-C, BAT-D and BAT-E. Pure 

isolates were inoculated on MRS broth as stock 

culture. 

 

Morphology test 

Testing and observing the morphology of 

bacteria is an important part of studying the nature of 

an organism. Physical characteristics affect biological 

functions, including how to adapt and obtain nutrients 

to interact with other organisms, not just to see the 

physical form of an organism [16]. 

 

Gram staining  

Gram staining aims to determine the nature of 

a bacterium with gram-positive or gram-negative 

characteristics with differential staining techniques 

using crystal violet solution as a primary dye and 

safranin solution as a secondary dye. The nature of 

Gram is based on the structure of the cell wall owned 

by bacteria. Gram-positive bacteria have a thicker cell 

wall morphological structure and are dominated by 

peptidoglycan (around 60-90%) compared to Gram-

negative bacteria. The thick layer of peptidoglycan in 

Gram-positive bacteria will be hydrated by alcohol, 

causing the pores of the bacterial cell wall to close 

and block the exit of the violet-iodine crystal complex 

from the cell [9,17]. 

Cell shape was also observed under a light 

microscope at 1000x magnification at the Gram color 

observation stage. Five isolates, BAT-A, BAT-B, 

BAT-C, BAT-D, and BAT-E, have a cocci (round) 

cell shape. The nature of Gram-positive bacteria and 

round-shaped cells is also found in research on lactic 

acid bacteria isolates from the digestive tract of fish 

such as eel fish [18] and milkfish [15]. Bacteria with 

Gram-positive and cocci-shaped properties are also 

common morphological characteristics of lactic acid 

bacteria. 

 

Spore staining 

Spore staining aims to determine the presence 

or absence of spore structures in bacteria with the 

Schaeffer-Fulton method using malachite green and 

safranin dyes. Non-spore lactic acid bacteria cells 

cannot retain the green color of malachite green. The 

existence of spore structures in bacteria is related to 

how to defend themselves in extreme environments 

such as temperature, humidity, and harmful 

chemicals. Bacteria with spore cells can bind and 

maintain the dye so that flushing with distilled water 

has no effect because the spores have a hard and thick 

sheath structure. In nonsporic bacteria, after rinsing 

with distilled water and then stained with safranin, the 

cells are red as a marker of bacteria that do not have a 

spore structure based on the Scheffer-Fulton method. 

The findings follow the research of Irwansyah (2018) 

in his research on lactic acid bacteria from the 

digestive tract of star pomfret fish with characteristics 

that do not have a spore structure [19]. 

 

Biochemical test 

1. Oxygen response test 

Anaerobic, facultative bacteria respiration type 

is a unique group of bacteria that can grow and 

develop with or without oxygen. From an 

evolutionary perspective and concerning oxygen 

demand, facultative anaerobic bacteria have the 

microenvironment's most widespread and diffuse 

capacity [20]. 

 

2. Catalase test 

The catalase test is performed to determine the 

biological properties of bacteria in secreting the 

enzyme catalase. Catalase is an enzyme produced by 

some species of bacteria. This enzyme protects 

bacteria from hydrogen peroxide (H2O2), which can 

damage and kill them. Catalase will convert hydrogen 

peroxide into water molecules (H2O) and oxygen gas 

(O2). As a result, if there is abundant hydrogen 

peroxide, it will make catalase very active so that 
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there is a rapid increase in O2 production, resulting in 

bubbles [12]. One of the common characteristics of 

lactic acid bacteria is that these bacteria do not secrete 

the enzyme catalase [21]. 

 

3. Motility test 

A motility test determines the movement or 

distribution of bacteria on the growth media. This 

motility test is based on the presence or absence of 

flagella structures in a bacterium. Motility is defined 

as the movement of cells in some form of movement. 

Many bacterial cells are motile because it allows them 

to escape from unfavorable conditions and exploit 

new resources or environments. Combined with 

chemotaxis, the ability to sense chemical compounds 

and other movements, bacteria can take nutrients and 

reach specific niches. In this sense, motility is also 

included in the interaction between microorganisms 

and their hosts[22]. Non-motile properties in lactic 

acid bacteria were also found in Irwansyah's (2018) 

research on lactic acid bacteria isolates from the 

digestive tract of star Pomfret [19]. 

 

4. Proteolytic test  

The five isolates of the target lactic acid 

bacteria produced clear zones on skim milk agar 

media, thus indicating that the five isolates had 

proteolytic activity. Bacteria that produce clear zones 

on skim milk agar media indicate their ability to 

produce extracellular protease enzymes. Extracellular 

proteases are important for the consumption and 

hydrolysis of proteinaceous nutrients. Extracellular 

proteases have significant roles and several 

applications in different industries. Microbially 

derived proteases account for about 40% of all global 

enzyme sales [23]. The results are in line with 

research on isolating proteolytic bacteria from the 

catfish digestive tract [24], eel [18], and Bonylip barb 

[25], which produced isolates of lactic acid bacteria 

with proteolytic activity. 

Proteolytic activity exists because there is a 

proteolytic system in lactic acid bacteria. In the 

process, this system can produce peptides and amino 

acids through the hydrolysis of protein compounds 

into simpler forms of compounds. Lactic acid bacteria 

cannot synthesize amino acids for their metabolic 

needs, so they need proteins from outside to degrade 

and utilize the amino acids produced [26].  

The ability of bacteria to produce protease 

enzymes can now be further developed into protease 

enzyme producers for industry. As part of 

environmentally friendly technology, the application 

of protease is very broad, having promising potential 

for the future. The last few decades have seen the 

exploration of the application of this enzyme in other 

industries, not only food technology but also textile, 

leather, detergent, agriculture, and pharmaceutical 

industries [26]. 

 

 

5. Sugar test 

This sugar test determines the characteristics of 

bacteria, namely their ability to ferment various types 

of carbohydrates and determine the type of 

fermentation. Lactic acid bacteria can ferment 

carbohydrate types because carbohydrates are the 

main carbon source of energy [27-28]. 

 Based on morphological test data, biochemical 

tests, and sugar tests, the characteristics of BAT-A 

isolates, according to Bergey's Determination 

Bacteriology, are included in the Enterococcus genus. 

Enterococcus is a microorganism in various places, 

including water, plants, soil, food, and the digestive 

tract of animals and humans. Enterococcus has been 

widely used as a starter in food fermentation because 

of its biotechnological properties, namely enzymatic 

activity, especially proteolytic [29]. 

In previous studies, there were also several 

findings of Enterococcus genus lactic acid bacteria in 

the digestive tract of fish and processed fish products 

that have proteolytic activity, such as the isolation of 

lactic acid bacteria from anchovies found E faecium, 

E faecalis, and E durans [30], glass fish intestines 

found Enterococcus sp [31] and Tor fish digestive 

tract found E. faecalis [32]. 

 

CONCLUSION 

Proteolytic lactic acid bacteria isolates 

obtained from intestinal samples of freshwater 

pomfret (Colossoma macropomum) are 5 isolates with 

similar characteristics. Isolate BAT-A has the highest 

proteolytic index of 2.52 and can ferment 

carbohydrate types of glucose, lactose, maltose, and 

fructose with homofermentative fermentation type, so 

based on its characteristics, it is identified as 

Enterococcus sp. Enterococcus sp bacterial isolates 

from freshwater pomfret intestines can be an 

alternative source of protease enzymes the industry 

needs. 
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