
AACL Bioflux, 2021, Volume 14, Issue 6. 

http://www.bioflux.com.ro/aacl 3623 

 

 

Identification and protease activity of 

opportunistic pathogenic fungi in giant gourami 

(Osphronemus goramy)  
1Sefanya S. V. Zalukhu, 2Rahayu Kusdarwati, 2Rozi 
  

1 Aquaculture Program, Faculty of Fisheries and Marine, Airlangga University, Surabaya, 

Indonesia; 2 Departement of Fish Health Management and Aquaculture, Faculty of 

Fisheries and Marine, Airlangga University, Surabaya, Indonesia. Corresponding author: 

Rozi, rozi@fpk.unair.ac.id 

 

 
Abstract. Giant gourami (Osphronemus goramy) is a freshwater fish originating from Indonesia and 

spread in Southeast Asian countries, such as Malaysia. O. goramy is a broadly cultivated species that is 
sold and consumed in Malaysia, with a high economic value. Efforts to increase O. goramy cultivation 
have led to the emergence of various pathogenic microorganisms, such as fungi. Fungal infections occur 
when O. goramy are under certain conditions, so that the fungus is an opportunistic pathogen. The 
protease enzyme activity test was carried out to determine the proteolytic activity of opportunistic fungal 
pathogens isolated in O. goramy. The study aimed to determine the species and proteolytic activity of 
opportunistic pathogenic fungal targets in O. goramy from the Kampung Gong Badak Fish Market, Kuala 
Terengganu, Malaysia. The method used in the study was a survey through direct sample collection at 
the location, carried out by a purposive sampling method. The sample was a healthy O. goramy. Fungal 
identification was performed by macroscopic (visually) and microscopic methods. The protease enzyme 
activity test was carried out qualitatively by inoculating the fungus on PDA and skim milk media using a 
sterile toothpick. The results showed that there were seven species of opportunistic pathogenic fungi that 
were isolated from the gill and kidneys of O. goramy. Based on the seven species obtained, three species 
remained unidentified and four other species were identified as Exophiala sp., Acremonium sp., 
Saccharomyces sp. and Penicillium kewense. Two types of fungus, Acremonium sp. and P. kewense, 
showed protease enzyme activity, with a protein hydrolysis index of 1.44 and 1.50, respectively. 
Key Words: fungal infections, macroscopic, microscopic, protein hydrolysis index. 

 

 

Introduction. Giant gourami (Osphronemus goramy Lac.) is a freshwater fish originating 

from Indonesia (Budiana & Rahardja 2018) and spread in Southeast Asian countries, 

such as Malaysia (Nugroho 2012). According to the data, O. goramy is a species of fish 

that is sold and consumed in Malaysia (Du & Starr 2010) with a fairly extensive rearing 

cultivation, such as in all districts in Sabah (Inger & Chin 1962). O. goramy have a total 

production volume of 46,877.62 tons, while the overall freshwater commodities reach 

163,757 tons, worth about 324 million USD in 2012 (Yusoff 2015). Compared to 

Malaysia, the production of O. goramy in 2012 in Indonesia was 84,681 tons, with an 

annual production in the subsequent years (until 2016) reaching 149,553 tons 

(Hardaningsih 2018). Efforts to increase the O. goramy cultivation have led to the 

emergence of various pathogenic microorganisms, such as fungi (Kusdarwati et al 2016). 

Fungi, as pathogenic microorganisms, can attack and infect O. goramy (Khairyah et al 

2012). 

O. goramy, as a freshwater fish species, can be attacked by Exophiala sp. 

(Gaskins & Cheung 1986), Acremonium sp. (Shahraki et al 2014), Saccharomyces sp. 

(Andlid et al 1999), and Penicillium sp. (Ito & Abu 1985). However, recent studies 

reported that other fungal species that often attack O. goramy were Saprolegnia sp., 

Aphanomyces sp., Aspergillus sp., Alternaria sp., Rhizopus oryzae and Curvularia lunata 

(Khairyah et al 2012). Fungal infections occur when O. goramy are under certain 

conditions, so that the fungus is an opportunistic pathogen, depending on the body 

resistance, age, disease and previous infections experienced by O. goramy (Brown et al 
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2012). Another factor is the poor water quality. The water quality factor is related to the 

place where O. goramy is found. The studied O. goramy specimens were obtained from 

the Kampung Gong Badak Fish Market, Kuala Terengganu, Malaysia. Ishak (2010) 

reported that the water quality such as temperature, dissolved oxygen (DO) and the 

degree of acidity (pH), that differ between the fish market and the cultivation, can affect 

the presence of fungal infections in O. goramy. 

However, all previous studies were focused on the identification of fungi in O. 

goramy, in general. To our knowledge, very few studies concerning the identification of 

opportunistic pathogenic fungi and and their protease enzymatic activity have been 

conducted. The protease enzymatic activity test was carried out to determine the 

proteolytic activity of opportunistic fungal pathogens isolated in O. goramy. The 

production of protease enzymes by the fungi can influence the hosts infection process. 

Based on the background that has been mentioned, it is necessary to know the type and 

proteolytic activity of the opportunistic pathogenic fungi in O. goramy from Kampung 

Gong Badak Fish Market, Kuala Terengganu, Malaysia. 

  

Material and Method 

 

Isolation of fungi. The isolation technique of opportunistic pathogenic fungi in O. 

goramy was carried out in accordance with the study of Pinzari et al (2010): (1) tools 

and materials preparation by using a cotton swab; (2) performing the isolation process 

(in a sterile position near a bunsen flame), by touching a sterile cotton bud to the target 

organs (gill, kidney, liver, eye, muscle, and liver); (3) performing a swabbing process on 

the surface of Potato Dextrose Agar (PDA), Mycosel Agar (MA) and Oatmeal Agar (OA) 

media; (4) wrapping the petri dish with parafilm, then (5) storing the isolated results in 

an incubator, at 24-25ºC, and (6) waiting for the next 3 days (fungi usually grow for 3-5 

days after incubation). 

 

Purification of fungi. The purification process of opportunistic pathogenic fungi in O. 

goramy is first carried out by observing the results of the isolation (visually). If the 

fungus has grown, then the purification process can be carried out on PDA + antibiotic 

media that has been made and on Potato Dextrose Broth (PDB) media. The purification 

process is carried out in a sterile position (near a bunsen flame)as follows: (1) by taking 

a small amount of fungus from the original medium, using a sterile toothpick that has 

been autoclaved, then (2) by touching it to the center of the PDA + antibiotic media and 

PDB media, (3) by wrapping the petri dish with parafilm, (4) by storing the purified fungi 

in an incubator at 24-25ºC and (5) by waiting until the next day, then (6) by observing 

the fungus purification results. The fungi purification method using a sterile toothpick was 

in accordance with the study of Nevalainen et al (2014). 

 

Identification of fungi. The identification of opportunistic pathogenic fungi in O. 

goramy was carried out macroscopically and microscopically (Widiastutik & Alami 2014; 

Hastuti et al 2015). The macroscopic identification process was carried out by opening 

the parafilm that encloses the petri dish, then by opening the lid of the petri dish (inside 

the fume hood), by taking pictures of the fungus and by observing the fungus visually. 

Then, the microscopic identification process was carried out by dripping lactophenol 

cotton blue dye (sufficiently) onto the object glass using a micropipette, by taking the 

mushrooms from the media using a toothpick, by placing the mushrooms on the object 

glass containing lactophenol cotton blue, by flattening the fungus with lactophenol cotton 

blue dye (with toothpick) and by covering it with a cover glass. Finally, the fungus was 

microscopically observed under a microscope with 400x and 1,000x magnification (with 

immersion oil), and pictures of the fungus visible under the microscope were taken.  

 

Protease activity test. The protease activity test was carried out qualitatively according 

to the Standard Operating Procedure (SOP) at the Laboratory of Health Aquatic 

Organisms Universiti Malaysia Terengganu, using PDA media + skim milk as a substrate. 

The fungal isolates were then inoculated in the center of the media using a sterile 
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toothpick. Then, the media that had been inoculated with fungi was stored in an 

incubator at a temperature of 24-25ºC for several days, until a clear zone was formed 

around the fungal colonies. The proteolytic activity is usually indicated by the presence of 

a clear zone around the fungal colony (positive test). The clear zone produced in the 

positive test was the result of the media protein substrate hydrolysis by the protease 

enzyme produced by the fungal isolates (Yuniati et al 2015). 

 

Results. Opportunistic pathogenic fungi in O. goramy from the Kampung Gong Badak 

Fish Market, Kuala Terengganu, Malaysia were isolated from muscles, kidney, liver, eyes, 

gill organs and water sample. The fungus was isolated in PDA, MA and OA media, using 

samples from the kidney and gill of O. goramy. No opportunistic pathogenic fungi were 

found in the muscle, liver, eye and water samples. 

The isolates of opportunistic pathogenic fungi were purified on PDA and PDB 

media. Based on Table 1, there were 7 isolates of purified fungi. The purified fungal 

isolates were derived from PDA (4 isolates), mycosel agar (1 isolate) and oatmeal agar (2 

isolates), as media of origin. 

 

Table 1 

Purification results of opportunistic pathogenic fungi in Osphronemus goramy 

 

No Media of origin Target organ Isolate code 

1 Potato Dextrose Agar (PDA) Kidney HKPDA 

  Gill HGI5 

  Gill HGI6 

  Gill HGIIPDA 

2 Mycosel Agar (MA) Gill HGIII 

3 Oatmeal Agar (OA) Kidney HKOA 

  Gill HGIIOA 

 

Identification of opportunistic pathogenic fungi. Based on the identification of 

opportunistic pathogenic fungi in O. goramy from Kampung Gong Badak Fish Market, 

Kuala Terengganu, Malaysia, it was found that the O. goramy sample was overgrown by 

four types of fungi. The first fungus identified as Exophiala sp. (McGinnis 1980). This 

fungus can be purified in PDA media. Exophiala sp. has a gray-black color with a smooth 

velvet-like structure, while the microscopic characteristics are the round conidia and the 

erect conidiophores (Figure 1).  

 

 
Figure 1. Macroscopic and microscopic characteristics of Exophiala sp. (a: conidia, b: 

conidiophore). 

 

The second fungus identified as Acremonium sp. (Domsch et al 2007; Akmalasari et al 

2013). This fungus can be purified in PDA media. Acremonium sp. has pale, orange 

colonies, a dense texture (in the middle) and wavy edges, while the microscopic 
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characteristics are a spherical conidia, an elongated phialid, and erect conidiophores 

(Figure 2). 

The third fungus identified as Saccharomyces sp. (Kurtzman & Fell 1998; 

Widiastutik & Alami 2014). This fungus can be purified in PDA media. Saccharomyces sp. 

has white colonies, a round shape, and a soft texture, while the microscopic 

characteristics are the spreading spherical spores (Figure 3). 

 

 
Figure 2. Macroscopic and microscopic characteristics of Acremonium sp. (a: conidia, b: 

conidiophore, c: phialid). 

 

 
Figure 3. Macroscopic and microscopic characteristics of Saccharomyces sp. (d: spore). 

 

The fourth fungus identified as Penicillium kewense (Kulik 1968). This fungus can be 

purified in PDA media. P. kewense have purplish-brown colonies and a slightly rough 

texture, while the microscopic characteristics are the round and ellipsoid conidia, the 

elongated phialid and the erect conidiophore (Figure 4). 

Then, the O. goramy sample was overgrown with fungi that have white colonies 

and a smooth (like cotton) texture, their microscopic characteristics being the elongated 

threads, with some pointed ends, and the round conidia (Figure 5). These characteristics 

cannot identify the type of fungus, so the fungus with the isolate code HGII3 is said to be 

unidentified. The HGII3 fungus can be purified on PDA and PDB media. 

The O. goramy sample was then overgrown with fungi that have white colonies 

with a smooth vto slightly rough and dense texture (in the middle), while the microscopic 

characteristics are a shape like elongated fine fibers and the round conidia (Figure 6). 

These characteristics cannot identify the type of fungus, so the fungus with the isolate 

code HGI5b is said to be unidentified. HGI5b fungi can be purified in PDA and PDB media. 
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Figure 4. Macroscopic and microscopic characteristics of Penicillium kewense (a: conidia, 

b: conidiophore, c: phialid). 

 

 
Figure 5. Macroscopic and microscopic characteristics of HGII3 fungi (a: conidia). 

 

 
Figure 6. Macroscopic and microscopic characteristics of HGI5b fungi (a: conidia). 

 

Then, the O. goramy sample was overgrown with fungi that have white colonies, a 

greenish center and a smooth texturewhile its microscopic characteristic is a shape like 

elongated fine threads (Figure 7). These characteristics cannot identify the type of 

fungus, so the fungus with the isolate code HGII1a is said to be unidentified. HGII1a 

fungi can only be purified in PDA media. 
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Figure 7. Macroscopic and microscopic characteristics of HGII1a fungi. 

 

The complete data of the identification of opportunistic pathogenic fungi in O. goramy 

from Kampung Gong Badak Fish Market, Kuala Terengganu, Malaysia can be seen in 

Table 2. 

 

Table 2 

Identification results of opportunistic pathogenic fungi in Osphronemus goramy 

 

No Isolate code Species of fungus 

1 HGII3 Unidentfied 

2 H2KPDA, HGI6 Exophiala sp. 

3 HGI5b Unidentfied 

4 HGIII2b Acremonium sp. 

5 H6KPDA Saccharomyces sp. 

6 HGIII1a Penicillium kewense 

7 HGII1a Unidentfied 

 

Furthermore, the macroscopic and microscopic characteristics of the opportunistic 

pathogenic fungi that were identified in O. goramy from the Kampung Gong Badak Fish 

Market, Kuala Terengganu, Malaysia can be seen in Table 3 and Table 4. 

 

Table 3 

Macroscopic characteristics of opportunistic pathogenic fungi in Osphronemus goramy 

 

No Species of fungus Form Color Elevation Margin Surface 

1 Exophiala sp. Irregular Grayish black Raised Undulate Compact 

2 Acremonium sp. Circular Pale orange Raised Undulate Compact 

3 Saccharomyces sp. Circular White Raised Undulate Smooth 

4 Penicillium kewense Circular Purplish brown Raised Entire Rough 

 

Table 4 

Microscopic characteristics of opportunistic pathogenic fungi in Osphronemus goramy 

 

No Species of fungus Conidia/spore Conidiophore Phialid 

1 Exophiala sp. Round conidia Erect conidiophores Without phialid 

2 Acremonium sp. Round conidia Erect conidiophores Long phialid 

3 Saccharomyces sp. Round spores Without conidiophores Without phialid 

4 Penicillium kewense Oval conidia Erect conidiophores Long phialid 

 

Protease activity test of opportunistic pathogenic fungi. Based on the results of the 

protease activity test in O. goramy from Kampung Gong Badak Fish Market, Kuala 

Terengganu, Malaysia, it was found that two species of fungi showed a protease 

enzymatic activty: Acremonium sp. and P. kewense (Figure 8). The test results of the 

protease enzymatic activity of opportunistic pathogenic fungi in O. goramy from 

Kampung Gong Badak Fish Market, Kuala Terengganu, Malaysia can be seen in Table 5. 
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Figure 8. Protease activity test of opportunistic pathogenic fungi in Osphronemus goramy 

(A: Acremonium sp., B: Penicillium kewense). 

 

Table 5 

Protease activity test results of opportunistic pathogenic fungi in Osphronemus goramy 

 

No 
Isolate 

code 

Species of 

fungus 

Protease activity test 

results 

Protein hydrolysis 

index 

1 HGII3 Unidentified Negative (-) - 

2 HGI6 Exophiala sp. Negative (-) - 

3 HGI5b Unidentified Negative (-) - 

4 HGIII2b Acremonium sp. Positive (+) 1.44 

5 H6KPDA Saccharomyces sp. Negative (-) - 

6 HGIII1a Penicillium kewense Positive (+) 1.50 

7 HGII1a Unidentified Negative (-) - 

 

Discussion. It is known that the fungus is found in the gill and kidney of O. goramy. No 

fungus was found in the muscle, liver, eye and water samples. These results are in 

accordance with Andika et al (2014) and Zakaria et al (2020): fungi can grow in the gill 

and kidney of O. goramy. Four types of fungi were identified in the O. goramy sample: 

Exophiala sp., Acremonium sp., Saccharomyces sp. and P. kewense. 

 

Table 6 

Identification of opportunistic pathogenic fungi in Osphronemus goramy (in this study) 

compared with other studies 

 

No Location Species of fungus Source 

1 
Kuala Terengganu, 

Malaysia 
Exophiala sp., Acremonium sp., 

Saccharomyces sp., Penicillium kewense 
Present study 

2 
East Java, 

Indonesia 
Saprolegnia sp., Aphanomyces sp. 

Budiana & Rahardja 

(2018) 

3 
Central Java, 

Indonesia 
Aspergillus sp. 

Khumaidi & Hidayat 

(2018) 

4 
West Kalimantan, 

Indonesia 
Saprolegnia sp. Andika et al (2014) 

5 Selangor, Malaysia Aphanomyces sp. Afzali et al (2013) 

6 Isfahan, Iran 
Penicillium sp., Acremonium sp., 

Alternaria sp. 
Shahraki et al (2014) 

7 Vienna, Austria Aphanomyces invadans Majeed et al (2017) 

 

The fungi that have been identified are opportunistic pathogenic fungi, usually 

saprophytic and which do not cause disease in animals and humans. This fungus has the 

potential to cause disease if it is in a certain environment or when the host's immune 

condition decreases (Vázquez-González et al 2013). The first factor that causes 

opportunistic pathogenic fungi in O. goramy, is the difference in the water quality 

between the cultivation area and the fish market where the O. goramy is found. The 

water in the fish market in Malaysia has a temperature ranging from 28 to 36ºC, the DO 

ranging from 2-12 mg L-1 and the pH ranging from 5.5 to 8.5, while the optimum 
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conditions for O. goramy, according to Khairyah et al (2012), are: a temperature of 28-

32ºC, a DO not inferior to 2 mg L-1, and a pH of 6.5-8.5. Variations in the water quality 

at the fish market can cause stress, leading to suboptimal survival and growth, due to 

the O. goramy’s increased susceptibility to fungal attacks. 

The second factor that causes the opportunistic pathogenic fungi development 

consists of environmental factors during the isolation process, such as air humidity and 

room temperature. A high humidity can increase the water absorption and fungi growth. 

The room temperature factor is related to the incubation temperature of 24-25ºC during 

the isolation and purification process, lower than the temperature at the fish market. The 

difference in temperature beween the fish market and incubation temperature is caused 

by several factors, such as the sampling time, fungus metabolism and nutrient absorption 

by each fungi species. Opportunistic pathogenic fungi can grow at temperatures of 25-

37ºC (Vázquez-González et al 2013). The incubation temperature is as follows: for the 

Exophiala sp. it is of 25ºC for 5-21 days (Libert et al 2016), for the Acremonium sp. it is 

of 25ºC for 3-7 days (Park et al 2017), for the Saccharomyces sp. it is of 25ºC for 14 

days (Anoop et al 2015) and for the P. kewense the is of 25ºC for 7 days (Houbraken et 

al 2012). Based on the mentioned literature, it appears that the types of opportunistic 

pathogenic fungi in O. goramy can be incubated at room temperature, resulting in 

variable growth times, depending on the ability of each fungi species to grow. 

Based on data from several other studies (Table 6), it is known that O. goramy 

can also be attacked by other opportunistic pathogenic fungi, such as Saprolegnia sp., 

Aphanomyces sp., Aspergillus sp. and Alternaria sp. These fungi can be found in eggs, 

fins, skin, gills, eyes and water samples. This is in accordance with Andika et al (2014), 

which states that a suboptimal water quality has the potential to cause fungal attacks on 

O. goramy eggs. The fungal attack is accompanied by a rapid spread, especially on the 

skin, fins, gills and eyes of O. goramy. Compared with the conducted studies, 

opportunistic pathogenic fungi were only found in gill and kidney of O. goramy. The fungi 

found on the gill, which is a part of the respiratory system, are due to the entrance of 

materials that come from outside the fish's body. The gill uses mucus as a surface 

barrier, which is toxic and can catch microorganisms (including fungi) that enter the fish's 

body. Fungi found in the kidney are due to the poor water quality (Jasmanindar 2011). O. 

goramy can also ingest fungal spores with the water or feed that has been contaminated 

by fungi (Pinheiro et al 2018). 

Opportunistic pathogenic fungi were not found in samples of other target organs, 

such as eye, liver and muscle in this study due to a too low density: during the isolation 

process, no fungi were growing on the media (Olga 2012), also due to the contamination 

with bacteria inhibiting the growth of fungi. Opportunistic pathogenic fungi were found 

neither in the water samples. The reason is that water sampling was only carried out on 

the surface and the water was not stirred first (when sampling), resulting in a low density 

of the fungus to be isolated. Stirring of the water sample should be done slowly to 

resuspend the sediment at the bottom (Wulandari et al 2014). 

The protease activity test in this study was carried out qualitatively using skim 

milk mixed in PDA media. After the inoculation and incubation process, two types of 

fungi, Acremonium sp. and P. kewense, showed the protease enzymatic activity. This is 

in accordance with Jain et al (2012) and Ikram-ul-haq et al (2006) who stated that fungi 

of the genus Acremonium and Penicillium can show a protease activity. Skim milk 

contains casein as a protease substrate. The activity of protease enzymes can be seen 

from the hydrolysis of casein into soluble peptides and amino acids, which are then used 

by the metabolism of the cell growth and development (Setiawan et al 2016). The 

hydrolysis of casein in the media was indicated by the presence of a clear zone around 

the fungal colonies. The occurrence of higher proteolytic activity is indicated by the wider 

clear zone formed (Ikhsanudin et al 2019). 

The protein hydrolysis index was calculated by comparing the diameter of the 

clear zone with the diameter of the fungal isolate colonies (Hastuti et al 2017). The 

difference of the Protein Hydrolysis Index values in each fungal isolate was due to the 

different ability of each fungus to produce protease enzymes. P. kewense has a Protein 

Hydrolysis Index of 1.50 while Acremonium sp. has a protein hydrolysis index of 1.44. 
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According to Ahmad et al (2013), the category of protein hydrolysis index is low if lower 

than 2.1, moderate if ranging from 2.1 to 3.1 and high if greater than 3.1. The Protein 

Hydrolysis Index of both the mentioned opportunistic pathogenic fungi was in the low 

category (<2.1). 

The production of protease enzymes by fungi can affect their infectious potential 

towards their hosts. Protease enzymes can help fungi degrading the main components 

that make up the cuticle of their host. Acremonium sp. and P. kewense had a low Protein 

Hydrolysis Index, meaning that both fungi had a low ability to produce protease 

enzymes. The lower the protease enzyme produced, the lower the degree of 

pathogenicity (virulence) of the fungus (Supiyanto et al 2019). With a low ability to 

produce protease enzymes, Acremonium sp. and P. kewense can be said to have no 

potential to cause death or even disease in O. goramy. 

 

Table 7 

Protease activity test of opportunistic pathogen fungi compared to other studies 

 

No Species of fungus Enzyme Source 

1 
Acremonium sp., 

Penicillium kewense 
Protease Present study 

2 Exophiala sp. 
Lipase, DNAse, α-Amylase, 

Pectinase, Cellulase, 

Protease 

Mythili et al (2014) 

3 Acremonium sp. Protease Abd-ElAzeem et al (2019) 

4 Saccharomyces sp. 
Amylase, Protease, 

Pectinase 

Jayalakshmi & 

Umamaheswari (2017) 

5 Penicillium sp. Protease Ikramul-haq et al (2006) 

 

Based on the data in Table 7, it appears that the types of fungi identified in this study 

can also produce enzymes other than protease enzymes, such as lipase, DNAse, amylase, 

α-amylase, pectinase, and cellulase enzymes. These enzymes have different characters 

and functions. Lipase enzyme are usually secreted by fungi to degrade components of the 

plasma membrane of their host, for using it as a source of nutrition. The DNAse enzyme 

has the ability to cut DNA into small fragments, destroying it, so the presence of this 

enzyme can reduce the quantity of DNA extract produced by fungi (Marwayana 2015). 

The amylase enzyme can hydrolyze starch substrates into simpler carbohydrate 

compounds such as maltose and glucose. Lipase degradation products can be a source of 

nutrition during the fungal colonization. Amylase enzymes produced by fungi are more 

stable than enzymes produced by bacteria. Amylase enzymes can be classified according 

to the way they cleave the glysosidic bonds; α-amylase is an endo-amylase that 

hydrolyzes alpha 1,4-glycosidic bonds, randomly generating dextrins, oligosaccharides 

and monosaccharides. Pectinase enzymes can be induced to the fungi in the presence of 

a pectin substrate. This enzyme is very important in the process of fungal 

phytopathology. Finally, cellulase enzymes are grouped based on their specific activity on 

the substrate: endoglucanase, cellobiohydrolase, and exoglucohydrolase. These three 

enzymes work together in breaking down cellulose. Fungi that produce proteases and 

pectinases are usually potentially pathogenic. Fungi will be mutualistic and sometimes 

they become saprophytes when they produce cellulase enzymes (Susilowati et al 2020). 

Based on Table 7, it is known that Exophiala sp. and Saccharomyces sp. should be 

able to produce protease enzymes. In this study, the absence of protease enzyme 

activity in these fungus could be caused by the short testing time, so that the proteolytic 

activity produced was not significant. The short test time was accompanied by a slower 

fungal growth time, so that only a few fungi grew on the media, and these fungi did not 

show the expected proteolytic activity. Other factors, such as temperature, pH, as well as 

the substrate and enzyme concentrations, can also affect the activity of protease 

enzymes (Sajuthi et al 2010). 

Based on the results of the current study, the O. goramy sample specimens were 

healthy: the fish had a bright color, the body was clean from parasites, the organs were 
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complete and undamaged and their movement was agile (Syafar et al 2017). The seven 

fungal species identified did not cause disease in the O. goramy samples. The reason is 

that the fungi identified had a low density and the potential to produce toxic metabolites 

(mycotoxins) only in low amounts and under certain conditions (Noveriza 2008). 

Mycotoxins can interfere with the health of the host causing various forms of clinical and 

pathological changes. However, the presence of fungal growth in fish does not always 

cause mycotoxins production (Kumaji 2018). 

 

Conclusions. Seven species of opportunistic pathogenic fungiwere isolated from the gill 

and kidney of O. goramy: three species were undentified and four other species were 

identified as Exophiala sp., Acremonium sp., Saccharomyces sp. and P. kewense. Two 

types of fungus, Acremonium sp. and P. kewense showed a protease enzymatic activity, 

with the protein hydrolysis index of 1.44 and 1.50, respectively, which correspond to the 

low category (<2.1). 
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