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 Abstract 

Black soldier fly (BSF) (Hermetia illucens) is a type of fly that has larvae called maggots with potential as a 

waste bioremediation agent. Maggot from BSF has unique digestive characteristics with a diversity of bacteria 

in it which helps maggot digest organic materials by producing various hydrolytic enzymes. Fecal bacteria in 
maggots also have potential antifungal activity. This research aimed to identify the hydrolytic and antifungal 

enzyme activity of maggot fecal bacteria (Hermetia illucencs). Hydrolytic enzyme activity is carried out by 

measuring the hydrolytic zone in the test medium. The antifungal antagonist test was carried out on 

Phytophthora sp. using the dual agar culture method. The results of the enzyme activity test showed that isolate 
MNM 001 had proteolytic enzyme activity, MNM 002 had amylolytic, and proteolytic enzyme activity, and 

was able to dissolve P elements. MNM 003 had cellulolytic, amylolytic, and proteolytic enzyme activity. From 

the results of the antagonist test, MNM 001, MNM 002, and MNM 003 have antifungal activity against 
Phytophthora sp. of the three isolates, isolates MNM 002 and MNM 003 had the best hydrolytic enzyme 

activity and were identified using the 16S rRNA gene. The results of amplification of the 16S rRNA gene from 

MNM 002 and MNM 003 indicated that the two isolates were close to the genus Brevibacterium. 
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Abstrak 

Black soldier fly (BSF) (Hermetia illucens) adalah jenis lalat yang memiliki larva disebut maggot dengan 

potensi sebagai agen bioremediasi sampah. Maggot dari BSF memiliki karakterisitik pencernaan unik dengan 
keragaman bakteri di dalamnya yang membantu maggot mencerna bahan organik dengan menghasilkan 

beragam enzim hidrolitik. Bakteri pada feses maggot juga memiliki potensi aktivitas antifungi. Tujuan dari 

penelitian ini adalah untuk mengidentifikasi aktivitas enzim hidrolitik dan antifungi dari bakteri feses maggot 
(Hermetia illucens). Aktivitas enzim hidrolitik dilakukan dengan mengukur zona hidrolitik pada medium uji. 

Uji antagonis antifungi dilakukan terhadap Phytophthora sp. dengan metode dual culture agar. Hasil uji 

aktivitas enzyme menunjukkan isolat MNM 001 memiliki aktivitas enzim proteolitik, MNM 002 memiliki 
aktivitas enzim amilolitik, proteolitik, dan mampu melarutkan unsur P. MNM 003 memiliki aktivitas enzim 

selulolitik, amilolitik, dan proteolitik. Hasil uji antagonis MNM 001, MNM 002, dan MNM 003 memiliki 

aktivitas antifungi terhadap Phytophthora sp. Ketiga isolat tersebut, isolate MNM 001, MNM 002, dan MNM 

003 memiliki aktivitas enzim hidrolitik terbaik dan diidentifikasi menggunakan gen 16S rRNA. Hasil 
amplifikasi gen 16S rRNA dari MNM 002 dan MNM 003 mengindikasikan bahwa kedua isolat tersebut 

memiliki kedekatan dengan genus Brevibacterium.  
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INTRODUCTION 

The black soldier fly (Hermetia illucens) is a saprophytic insect in the family Stratiomyidae and 

Ordo Diptera. Popa and Green (2012) mentioned that the Black Soldier Fly (BSF) had 4 phases of 

the lifecycle, starting with egg, larvae, pupa, and mature insect phase. BSF larvae, known as maggots, 

had a 1.8–20 mm length (Liu et al., 2019). Maggots will eat everything in front of them in their living 

media after hatching (Park et al., 2015). Maggot could digest organic waste and loosen it into smaller 

parts of particles (Pendyurin et al., 2021).  Faizin et al. (2021) mentioned that maggots had a unique 

digestion characteristic to be able to absorb the solution, digest organic waste, and high tolerance to 

heat and acid.  

The ability of maggots to digest organic waste is powered by the role of gut bacteria living in 

the maggot's digestion system (Zhineng et al., 2021). Several studies verified that gut bacteria living 

in maggot's digestion system help them to digest the organic waste (De Smet et al., 2018; Nguyen et 

al., 2015). A study by Tegtmeier et al. (2021) found 26 isolates of gut bacteria within the digestion 

system of maggots that had the potential as antimicrobials. Gut bacteria in maggots also had the 

potential in bioremediation to reduce antibiotic pollution from cattle waste (Yang et al., 2022). 

Maggot is utilized as a bioremediation agent based on their antimicrobial peptides ability by gut 

bacteria inside them that have antagonistic activity against zoonotic pathogens (Elhag et al., 2022). 

Besides being antibacterial, gut bacterial maggots also had the potential to be antifungal like other 

gut bacteria from several insects  (Zhang et al., 2018) 

One of the fungi pathogens that often attack plants is Phytophthora sp. which belongs to   

Oomycota and ordo Peronosporales as the genera have become interesting topics among researchers 

of their harmful impact on their host plants (Scott et al., 2019). Based on an analysis by Brasier et al. 

(2022) regarding Phytophthora sp. adaptability, Phytophthora sp. had good adaptability, which 

makes it a high-risk pathogen and remains difficult decease to control. Phytophthora sp. caused late 

blight disease in potatoes and tomatoes (Liswani et al., 2018). The species that causes late blight on 

tomatoes and potatoes is P. infestans. Meanwhile, the species that causes the disease in pepper is 

P.capsica (Švecová et al., 2017) Due to their excellent adaptability, Phytophthora sp. often has 

resistance towards fungicides.  

The alternative against the activity of  Phytophthora sp. is using bacteria with antifungal 

activity. The antifungal activity of bacteria is based on their bioactive metabolites such as bioactive 

compounds, lactic acid, acetic acid, fatty acid, hydrogen peroxide, and other metabolites produced by 

bacteria (Alaoui et al., 2021). That metabolite will actively inhibit the mycelium growth of 

Phytophthora sp.; according to a study by Diniz et al. (2022), bacteria with antifungal activity 

identified as bacteria with the capability to produce hydrolytic enzymes such as cellulose, protease, 

and chitinase. Masrukhin et al. (2021), found that bacteria with the highest antifungal activity were 

identified as bacteria that can produce the metabolite Bis(2-ethylexyl). Bacteria with chitinolitic 

activity also had an antifungal activity. This is proven by the study of the chitinase enzyme produced 

by Streptomyces alfalfa could inhibit the growth of fungal pathogens (Lv et al., 2021). The chitinase 

enzyme inhibits the growth of fungal pathogens by breaking glycosidic bonds, which are the primary 

components of fungal cell walls (Alaoui et al., 2021)  

Several bacteria found to have antifungal activity produce lactic acid and have bioactive 

metabolite activity. A study by Zhang et al. (2018) succeeds in identifying gut bacteria with antifungal 

activity against Phytophthora sp. isolated from the cockroach digestion system. There are few studies 

about the antifungal activity of gut bacteria against Phytophthora sp. Meanwhile, Phytophthora sp. 

has become a severe trait to tomato and potato farmers in Indonesia. Therefore, this study intends to 

identify bacteria from BSF larvae feces that have antifungal activity against Phytophthora sp. that 

have a potency as biofungicide to overcome Phytophthora sp. infection on tomato and potato plants. 

MATERIALS AND METHODS  

Gut Bacterial Isolation 

The sample was from maggot cultivation waste or maggot feces from Biotek Cipta Kreasi. 

Samples were kept in sterile plastic bags tightly closed for further analysis. Gut Bacterial was isolated 
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from maggot H.illucens feces by pour plate method using serial dilution. At 10-3, 10-4, and 10-5 

dilutions, the samples were heated at 80 C for 15 minutes. Then 100 µL samples from 10-3, 10-4, and 

10-5 dilutions were spread into nutrient agar and incubated at 37 C for 48 hours. Each dilution level 

was spread into a plate of nutrient agar.  

The result of the isolation was purified and transferred to a new plate of nutrient agar. 

Determination of pure isolates using characteristic determination. The colony characterization was 

determined with the same color of the colony, the same shape, and the same morphological 

appearance. The results of purification were incubated at 37 C for 48 hours. 

Antagonistic Assay Towards Phytophthora sp. 

Antifungal activity was determined using dual culture antagonistic assay. Bacterial isolates and 

Phytophthora sp. inoculated in the same plate of potato dextrose agar (PDA). The observation was 

made after 48 hours of incubation, and a clear zone formed around the colony to indicate the inhibition 

of Phytophthora sp. growth. The inhibition index of gut bacteria indicates the result of the 

antagonistic assay isolates towards Phytophthora sp. The inhibition index was measured using the 

formula IP =  
R1−R2

R1
 × 100%. IP = Inhibition index (%); R1= = colony diameter of fungi pathogen 

in control; R2= colony diameter of fungi pathogen in assay. The criteria of the inhibition index is 70–

100 (++), the inhibition index is 40–59 (+), and the inhibition index is 0–39 (-) (Utami & Mujahidin, 

2020).  

Characterization of Hydrolytic Enzyme Activity 

Cellulolytic Assay 

The cellulolytic assay was used to identify the enzymatic activity of isolates to produce 

cellulose enzyme cellulose degrader (Murtiyaningsih & Hazmi, 2017) A qualitative assay of the 

enzymatic assay was determined after inoculating isolates to carboxymethyl cellulose (CMC) and 

detecting the clear zone using Congo red solution (Ferbiyanto et al., 2015). Isolates were incubated 

in CMC agar for 48 hours and dripped with Congo red to detect the clear zone. The enzymatic activity 

index was calculated using the formula from Dewiyanti et al. (2022), hydrolytic index =

 
clear zone diameter− colony diameter

colony diameter
. 

Chitinolytics Assay 

Chitinolytics assay was used to identify the enzymatic activity of isolates that produce the 

chitinase enzyme chitin degrader (Setia et al., 2015). The substrate used for the chitinolytic assay was 

chitin agar (0.4 g chitin, 0.07 g K2HPO4, 0.03 g KH2PO4, 0.05 g MgSO4, 7H2O, 2 g agar, 1 mL/L 

trace element) dissolved in 100 mL distilled water. In the chitinolytic assay, the pH of the media must 

be considered and be at pH 6.7–8 so that the enzymatic activity can occur optimally (Nafisah et al., 

2017). Enzymatic activity was detected after a clear zone formed for 7–10 days of incubation (Paulsen 

et al., 2016). 

Amylolytics Assay 

Amylase activity was conducted using the plug agar method in amylum agar (Wulandari et al., 

2019.) Isolates were inoculated to amylum agar and incubated for 24–48 hours until a clear zone 

formed, detection of clear zone formation using Lugol solution. According to a study by Setyati et al. 

(2016) and Wulandari et al. (2019), a clear zone was formed due to amylase enzyme activity from 

isolates bacteria that hydrolyze amylum in agar.  

Lipolytics Assay 

An assay of lipolytic enzyme activity was inoculated on Tween agar media and incubated for 

48 hours (Pham et al., 2021). Tween agar media was made from 0.5 g Tween-80, 0.05 g CaCl2, 0.05 

g K2HPO4, 0.05 g NaNO3, 0.025 g MgSO4, 0.025 g KCl, 0.01 g peptone, 0.75 g agar, and 50 

mLaquades. Lipolytic enzyme activity is detected by whitish salt deposits around a colony of bacteria 

(Pham et al., 2021). 
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Proteolytic Assay 

The proteolytic assay is used to identify the enzymatic activity of isolates to produce protease 

enzymes (Setiawan et al., 2016.).The assay was conducted using skim milk agar as substrate. Skim 

milk agar was used to hydrolyze proteins into amino (Fitriana et al., 2022). Isolates were incubated 

for 24–48 hours in skim milk agar. The proteolytic enzyme activity was detected by a clear zone 

formed due to hydrolysis of casein substrate activity in skim milk agar. The result of hydrolysis was 

used as a source of metabolism by the bacteria (Fitriana et al., 2022). 

Phosphate and Potassium (Kalium) Solubility Assay 

Phosphate and Potassium (kalium) are nutrients that play an essential role in plant growth. 

Potassium is absorbed by plants in the form of K+ ions and has a role as a transport medium of 

nutrients from the soil into the plant (Nurmaliatik et al., 2021). A potassium solubility assay for 

bacteria was conducted using Alexandrov media agar (Sukmadewi et al., 2017) Potassium solubility 

activity was detected in the form of a clear zone around the bacteria colony. Phosphate solubility 

assay was conducted using plug agar method in Pikovskaya agar (0.05 g yeast extract, 1 g dextrose, 

0.5 g Ca3 (PO4)2, 0.05 g (NH4)2 SO4, 0.02 g KCl, 0.01 g MgSO4, 0.00001 g MnSO4, 0.5 g FeSO4, 1.5 

g agar in 100 mL distilled water. Isolates were incubated for seven days at a temperature of 37 C 

and detected by clear zone form. Index solubility was calculated using the formula from Sukmadewi 

et al. (2017), solubility index =  
diameter of clear zone−diameter of colony

Diameter of colony
. 

Identification of Gram Bacteria and Identification Using Gen 16S rRNA 

Identification of Gram bacteria was conducted using the KOH method. Isolate bacteria were 

dripped with KOH 3% and withdrawn with a sterile loop wire. If the isolates formed mucus, the 

bacteria was a gram-negative bacteria. Otherwise, if the isolates didn’t form mucus, the bacteria was 

a gram-positive bacteria. 

Identification of gut bacteria isolates using gen 16S rRNA analysis. Gen 16S rRNA is the most 

comprehensive gen marker because it has the best resolution of phylogeny and has the most complete 

database (Yang et al., 2016). Isolates with high antagonistic index were identified using isolation kit 

bacteria. Isolates were going through the PCR process using forward primer 63f (5’-

CAGGCCTAACACATGCAAGTC-3’) and reverse primer 1387r (5’-

GGGCGGWGTGTACAAGGC-3’) (Marchesi et al., 1998). Mix PCR used were 20µL consisting of 

10µL DNA Polymerase, 1µL from each primer, 6µL NFW, and 2µL template. Isolates went through 

a PCR process with setting pre-denaturation (95 C for 4 minutes), denaturation (95 C for 30 

seconds), annealing (57 C for 30 seconds), elongation (72 C for 1 minute) and post-PCR (72 C for 

7 minutes) in 30 cycles. The product was visualized using agarose gel electrophoresis.  

The results of PCR are sequence data, then analyzed using Seq-Trace until sequence data that 

ready to analyze with BLAST from NCBI. The BLAST results were then aligned using MEGA 11 to 

find out the genetic relationship and phylogeny of isolates towards another bacteria from the National 

Center for Biotechnology Information (NCBI) database.   

RESULTS  

Isolates Purification  

A total of 7 isolates collected from maggot feces with different morphology were successfully 

purified on the medium nutrient agar.   The macroscopic morphology of 7 isolates is shown in Table 

1.  

Table 1. Macroscopic morphology of gut bacterial isolated from maggot feces from maggot 

cultivation waste  

Isolates 
Macroscopic morphology of colonies 

Shape Margin Color Elevation 

MNM 001 Irregular Entire Whitish Flat 

MNM 002 Irregular Entire Cream and whitish Flat 

MNM 003 Circular Entire White Flat 
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Isolates 
Macroscopic morphology of colonies 

Shape Margin Color Elevation 

MNM 004 Circular Entire Whitish Flat 

MNM 005 Circular Lobate Whitish Flat 

MNM 006 Circular Entire Cream Flat 

MNM 007 Irregular Lobate White with the presence of yellow 

coloration from the surface 

Raised 

Antagonistic Activity of Isolates Gut Bacterial Towards Phytophthora sp. 

The agar had been inoculated with Phytophthora sp. in the middle of the agar plate. After 

incubated for 24 hours, isolates were inoculated and incubated for the next 24 hours. Antifungal 

activity results were observed after a total of 48 hours of incubation by measuring the mycelium 

diameter of Phytophthora sp. in the control agar plate and agar plate inoculated with isolates. Based 

on an antagonistic test towards Phytophthora sp., 3 of 7 isolates were found to be able to inhibit 

Phytophthora sp. Isolates with antifungal activity were isolates from 10-3 dilutions (MNM 001) with 

R2 2.4 cm, isolates from 10-4 dilutions (MNM 002) with R2 2 cm; isolates from 10-5 dilutions (MNM 

003) with R2 2.6 cm. The antifungal activities of the three isolates are shown in Table 2.  

  

  
Figure 1. Control antagonistic assay, antifungal activity towards Phytophthora sp. (a), MNM 001 

isolates (b), MNM 002 isolates (c), and MNM 003 isolates (d) 

Based on the antagonistic test of isolates towards Phytophthora sp., the highest level of 

antifungal activity was shown by MNM 002 isolate with an inhibition index of 0%, as indicated by 

the shortest diameter of Phytophthora sp. growth. The highest antifungal activity of isolates is shown 

in Figure 1. 

Table 2. Antifungal activity of gut bacterial isolated from maggot feces from maggot cultivation 

waste  

Isolates 

The diameter of Phytophthora sp.  

(cm) 
Inhibition index (IP) 

(%) 
R1 (control) R2 (treatment) 

NM 001 4 2.4 40 

MNM 002 4 2 50 

MNM 003 4 2.6 35 

a b 

c d 
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Isolates 

The diameter of Phytophthora sp.  

(cm) 
Inhibition index (IP) 

(%) 
R1 (control) R2 (treatment) 

MNM 004 4 4 0 

MNM 005 4 4 0 

MNM 006 4 4 0 

MNM 007 4 4 0 

 

Extracellular Enzyme Production of Gut Bacterial Isolates 

After the antagonistic assay, isolates with antifungal activity are referred to as MNM 001, MNM 

002, and MNM 003. Identification of extracellular enzyme production was done to determine the 

ability of the isolates to produce hydrolytic cellulase, chitinase, amylase, protease, and lipase 

enzymes. Screening was also done to determine the ability of the isolates to dissolve phosphate and 

potassium ions. The results of the hydrolytic enzyme assay are shown in Figure 2. 

   
Figure 2. Hydrolytic enzyme assay of gut bacterial isolated from maggot feces on cultivation waste 

cellulolytic assay (a), amylolytic assay (b), and proteolytic assay (c) 

From the cellulolytic enzyme assay, MNM 003 tested positive to had the ability to hydrolyze 

cellulose. It is indicated by the clear zone formed after the drip congo red solution to the CMC medium 

(Figure 2a). There were no isolates with the ability to hydrolyze chitin, as indicated by the absence 

of a clear zone after 7 days of incubation. MNM 002 and MNM 003 were tested with the ability to 

hydrolyze the starch in the medium used for amylolytic assay (Figure 2b). Meanwhile, in the lypolytic 

assay, there were no isolates tested positive to hydrolyze lypose in tween medium. All of the isolates 

MNM 001, MNM 002, and MNM 003, tested positive to hydrolyze the skim with the highest 

hydrolytic index of 1,41 from MNM 003 (Table 2, Figure 2c). It can be detected in the form of a clear 

zone after dripping lugol solution into the skim milk agar medium. MNM 002 was the only isolate 

with the ability to dissolve phosphate in the Pikovskaya medium, as indicated by a clear zone formed 

after 6 days of incubation. Meanwhile, no isolates formed a clear zone in the Alexandrov medium 

after 7 days of incubation. The results of hydrolytic enzyme and phosphate & and potassium solubility 

are presented in Table 3. 

Table 3. Hydrolytic activity enzyme produced by gut bacterial isolates from maggot feces in maggot 

cultivation waste 

Isolates 

Hydrolytic index  

Cellulolytic 

activity 

Chitinolytic 

activity 

Amylolytic 

activity 

Lipolytic 

activity 

Proteolytic 

activity 

Phosphate 

solvent activity 

Potassium 

solvent activity 

MNM 001 - - - - 0.89 - - 

MNM 002 - - 4.03 - 0.82 0.75 - 

MNM 003 4.97 - 2.5 - 1.41 - - 

 

Molecular and Gram Identification of Fecal Bacterial Isolates 

After the hydrolytic enzyme assay, two isolates showed the best hydrolytic enzyme activity. 

The isolates, MNM 002 and MNM 003 were tested further for molecular and gram identification. 

Based on the gram identification, MNM 002 and MNM 003 both identified as gram-positive bacteria.  

a b c 
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Molecular identification was performed using the amplification of gen 16S rRNA. The 

alignment results of sequence MNM 002 and MNM 003 aligned with BLAST showed that the isolates 

MNM 002 and MNM 003 had a resemblance to the Brevibacterium sp. The BLAST results are shown 

in Table 4. Furthermore, the BLAST results were aligned using MEGA 11 and the phylogenetic 

relationship of MNM 002 and MNM 003 with recognized members of Brevibacterium sp. shown in 

Figure 3. 

Table 4. Similarity presentation gen 16S rRNA sequence of isolate MNM 002 and MNM 003  
Isolates Species affiliation (GenBank) Query Cover E value Similarity Accession number 

MNM 002 Brevibacterium linens 97% 0.0 86.37% KR140272.1 

MNM 003 Brevibacterium epidermidis 100% 0.0 100% KY992553.1 

 
Figure 3. Phylogenetic tree based on 16S rRNA gene sequence, showing the phylogenetic 

relationship of isolate MNM 002 and MNM 003 with a recognized member of 

Brevibacterium sp. 

DISCUSSION  

A total of 7 isolates with different macroscopic morphology were collected from maggot feces 

and were tested for their antifungal activity towards Phytophthora sp. (Table 1). The result of the 

antagonistic assay was found 3 isolates have antifungal activity towards Phytophthora sp. (Figure 1 

and Table 2). This result is under the study by Kim and Kim, (2020) that evidence of antifungal 

activity towards Phytophthora sp. by gut bacteria from Allomyrina dichotoma larvae. The 3 isolates 

are referred to as MNM 001, MNM 002, and MNM 003.  

The isolation was done from maggot cultivation waste with some gut bacteria left in there. 

Sampling from maggot feces in maggot cultivation waste was based on a study by Pendyurin et al. 

(2021) which showed that maggot cultivation waste includes zoo compost. To become an ideal zoo 

compost, the cultivation waste needs the activity of several microbes from the maggot digestion 

system taken out with maggot feces (Insam & de Bertoldi, 2007). This was also supported by a study 

by Wang et al. (2022) stated that earthworms found bacteria left in their feces and it could modify the 

soil composition. So, therefore, sampling and isolation were done to identify antifungal and 

hydrolytic enzyme activity in gut bacteria from maggot feces in maggot cultivation waste. 

From the cellulolytic assay, MNM 003 tested positive to have the ability to produce cellulose 

hydrolytic enzyme that works to inhibit the performance of cellulose as a specific biomolecule cell 

wall of Phytophthora sp. (Figure 2a). A study by de Lourenço et al. (2020) found that Phytophthora 

sp. has a special genome consisting of specific biomolecules that can degrade cellulose of plant cell 

walls.  
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Based on a study done by Zhineng et al. (2021), found that fecal bacteria of a maggot (H. 

illucens) played a role in digesting organic material in a maggot. Fecal bacteria from maggot H. 

illucens have the potency to produce the enzyme cellulose degrader (Dantur et al., 2015) With that 

ability, gut bacteria from maggot H. illucens have a big potential to become antifungal agents, 

especially for Phytophthora sp. Since, Phytophthora sp. has characteristics such as its cell walls being 

composed of cellulose just like the other oomycetes (Wu et al., 2019). So, gut bacterial from maggot 

H.illucens has big potential to become an antifungal agent for Phytophthora sp. by degrading its cell 

walls using cellulose hydrolytic enzyme.  

MNM 001, MNM 002, and MNM 003 all tested positive for proteolytic assay, as indicates to 

have the ability to hydrolyze skim in skim agar medium (Table 3). It is under the study of Jing et al. 

(2020) that gut bacteria from insects had the enzymatic activity as protein degrader. This result is 

related to the attack mechanism of Phytophthora sp. towards its host plant using protein genome 

elicitins to degrade the plant cell wall (Hardham, 2005). Bacteria with proteolytic enzyme activity 

inhibit the growth of Phytophthora sp. by degrading those genome proteins in Phytophthora sp. from 

the amylolytic assay, MNM 002, and MNM 003 tested positive for amylolytic enzyme activity 

(Figure 2b). A study done by Gandotra et al. (2018) evidence that the amylolytic enzyme activity of 

gut bacteria played a role in the digestion system and carbohydrate metabolism in insects. MNM 002 

is the only isolate with Phosphate solubility activity (Table 3). The result is supported by a study done 

by Callegari et al. (2020) also identified the ability of gut bacteria from maggot H.illucens as 

phosphate phosphate solvent and recycle the element of phosphorus as the marker of phosphate ion.  

Molecular identification was performed on the isolates with the best result of hydrolytic enzyme 

activity, MNM 002 and MNM 003. The isolates were identified using 16S rRNA gene analysis. The 

result of the aligned 16S rRNA gene sequence from BLAST had a resemblance to the Brevibacterium 

sp. MNM 002 had a resemblance to the Brevibacterium linens while MNM 003 had a resemblance to 

the Brevibacterium epidermidis (Table 4). The resemblance was convinced by the neighbor-joining 

tree result from MEGA that suggests the genetic closeness and phylogenetic relationship between 

MNM 002 with Brevibacterium linens and MNM 003 with Brevibacterium epidermidis (Figure 3) 

Based on a study of Forquin-Gomez et al. (2014) succeeded in isolating Brevibacterium linens 

from cheese and isolating Brevibacterium epidermidis from mammals' epidermis. Mounier et al. 

(2009) state that B. linens are found in a habitat with a high salinity. Maggots consume food waste 

and can resist high salinity, so it makes B. linens able to live within the digestion system of maggots. 

Hanim et al. (2021) also support the possibility of B.linens living in a maggot digestion system. 

According to Bonomo et al. (2015), B. linens have high proteolytic enzyme activity same as high 

proteolytic enzyme activity in MNM 002. B.linens also have the potential to increase plant’s salinity 

tolerance (Chatterjee et al., 2018). A study by Esikova et al. (2023) isolated B. epidermidis from soil 

and identified B. epidermidis as gram-positive bacteria, same as the MNM 003. Esikova et al. (2023) 

also mentioned that B. epidermidis has potential as a bioremediation agent, and under-gut bacterial 

maggot potential as a bioremediation agent.  

With the antifungal activity of MNM 001, MNM 002, and MNM 003 towards Phytophthora 

sp., it can be developed as biofungiside bacteria-based. The ability of MNM 002 as a phosphate 

solvent and its phylogenetic relationship with B. linens can increase a plant’s salinity tolerance 

making it a potential bacteria for organic fertilizer and increasing the plant's tolerance to extreme 

conditions (Chatterjee et al., 2018). The ability of MNM 003 to produce cellulose, amylase, and 

protease enzymes and its phylogenetic relationship with B.epidermidis, make it a bioremediation 

agent with the ability to degrade organic waste and degrade toxic chemicals in soils (Esikova et al., 

2023; Handayani et al., 2021). 

CONCLUSION  

Based on the results, 7 gut bacteria were isolated from maggot feces. Three of 7 gut bacterial 

isolates from maggot feces in maggot H.illucens cultivation waste, MNM 001, MNM 002, and MNM 

003 isolates showed antifungal activity towards Phytophthora sp. and have some hydrolytic enzyme 

activity such as cellulolytic, amylolytic, proteolytic, and phosphate solubility. MNM 002 is the isolate 
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with the highest antifungal activity and has also been shown to have amylolytic and proteolytic 

enzyme activity. MNM 002 is the only isolate with the ability as a phosphate solvent. MNM 001 is 

an isolate with proteolytic enzyme activity. The best hydrolytic enzyme activity was shown in MNM 

003 with cellulolytic, amylolytic, and proteolytic enzyme activity. MNM 003 was the isolate with the 

highest ability to hydrolyze cellulose and skim, and MNM 002 was the isolate with the highest ability 

to hydrolyze starch. As the isolates with the most hydrolytic enzyme activity, MNM 002 and MNM 

003 were tested for molecular identification using the 16S rRNA gene. The amplification of 16S 

rRNA shows the genetic closeness between MNM 002 and MNM 003 with the Brevibacterium genus.  

In this study, the antifungal activity was tested antagonistically on one species of fungus, 

namely Phytophthora infestant. Still, it needs to be tested antagonistically against several types of 

phytopathogenic fungi from other taxa. This is because the antifungal bioactive compound content 

produced by isolates MNM 02 and MNM 03 has not been identified. And it is not yet known whether 

they have the same antifungal activity. 
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