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Abstract. Kurnianto MA, Kusumaningrum HD, Lioe HN, Chasanah E. 2021. Antibacterial and antioxidant potential of ethyl acetate 

extract from Streptomyces AIA12 and AIA17 isolated from gut of Chanos chanos. Biodiversitas 22: 3196-3206. Streptomyces has been 

recognized as a promising and productive source of antibacterial and antioxidant compounds. The phenotypic and genomic 

characterizations indicated AIA12 and AIA17 are closely related to the S. globisporus ARGB01 and S. misionensis S1-SC15, 

respectively. Incubation on yeast-malt extract broth for nine days (AIA12) and 11 days (AIA17) proved to be the best growth medium 

and optimum antibacterial production time for these two strains. Crude-extract of extracellular secondary metabolites, obtained by ethyl 

acetate extraction, demonstrated broad-spectrum inhibitory activity against Pseudomonas aeruginosa InaCC B52, Staphylococcus 

aureus ATCC 25923, Bacillus cereus ATCC 10876, Escherichia coli ATCC 25922, Salmonella Typhimurium ATCC 14028, and 

Listeria monocytogenes with minimum inhibitory and minimum bactericidal concentrations from 2.5 to 0.31 and 5.0 to 0.31 mg mL-1, 

respectively. Evaluation of antioxidant showed AIA17 crude-extract had moderate DPPH scavenging and antioxidant activities of 

65.122% ± 0.56 and 28.178 ± 0.24 mg ascorbic acid equivalent antioxidant capacity (AEAC g-1), respectively. The identification of 

compounds through profiling with RP-HPLC showed optimum absorbance at 210 and 214 nm, which showed the presence of peptide 

groups in the constituent compounds' molecular structure. These findings indicate that Chanos chanos-derived Streptomyces produces 

valuable bioactive compounds with various promising biological activities. 
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INTRODUCTION 

Estuarine is the confluence between two types of waters 

with different salinity levels, seawater and river. These 

encounters create environmental stresses such as 

fluctuations in salinity levels and continuous tidal gradients 

(James et al. 2007; Nett et al. 2009; Priya dan Anandaraj 

2016). Continuous exposure to this condition can promote 

the adaptation of metabolic pathways and the synthesis of 

various secondary metabolites, especially from specific 

metabolic processes that are only possible if the bacteria 

are in abnormal conditions or conditions to maintain 

bacterial survival (Dholakiya et al. 2017; Tan et al. 2019). 

This is interesting, considering that various new molecules 

with potential biological activity may be obtained from 

unusual sources (Tan et al. 2019). One of the 

microorganisms found in this unique environment is 

Streptomyces sp. (Kurnianto et al. 2020a). 

Streptomyces is bacteria with the widest relative 

abundance throughout the ecosystem that can interact or 

form a symbiosis with eukaryotic hosts (Flórez et al. 2015; 

Lewin et al. 2017; Sivalingam et al. 2019). This ability 

provides bacteria with the physiological capacity and 

genetic potential to express up to twenty types of 

prospective metabolites with various interesting 

bioactivities (Janardhan et al. 2014; Dholakiya et al. 2017; 

Tan et al. 2019). Streptomyces produce various secondary 

metabolites with bioactive properties, especially 

antibacterial currently of clinical importance, such as 

chloramphenicol, clindamycin, lincomycin, daptomycin, 

fosfomycin, kanamycin, and neomycin (Quinn et al. 2020). 

Continuous exploration of various environmental sources, 

especially unexplored or underexploited environments, has 

uncovered various new antibacterial bioactive molecules 

(Sivalingam et al. 2019). The ribosomally synthesized and 

post-translationally modified peptides (RiPPs) constitute a 

large class of antibacterial peptides with a high degree of 

structural diversity and less well-understood bioactivity 

produced by Streptomyces (Arnison et al. 2014; Tan et al. 

2019). Some of the Streptomyces RiPPs that have been 

reported are grisemycin (S. griseus), bottromycin (S. 

bottropensis), and cinnamycin (S. cinnamoneus) (Claesen 

dan Bibb 2011; Ökesli et al. 2011; Huo et al. 2012). Apart 

from antibacterial, further exploration also revealed that 

Streptomyces could produce metabolites with antioxidant 

activity when grown in oxidative stress conditions 

(Janardhan et al. 2014; Sivalingam et al. 2019). 
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Environmental conditions and exposure to abiotic stress are 

thought to trigger the development of survival mechanisms 

in the form of the ability to produce metabolites that can 

act as antioxidants to neutralize the environment induced 

by oxidative stress (Dholakiya et al. 2017; Tan et al. 

2019b). 

Previous studies have isolated 38 isolates from the gut 

of milkfish (Chanos chanos). Twenty-two isolates were 

found to have antibacterial activity (Kurnianto et al. 

2020a). Preliminary screening using cross streak and 

double-layer diffusion method showed AIA12 and AIA17 

had potential inhibitory activity against S. aureus, B. cereus 

and E. coli. Extraction using ethyl acetate has revealed the 

potential antibacterial activity of four Streptomyces isolated 

from milkfish (Chanos chanos) (Kurnianto et al. 2020b). 

Streptomyces is thought to produce semi-polar antibacterial 

compounds so that these compounds can be extracted by 

solvents with the same polarity as ethyl acetate. The study 

of Parthasarathi et al. (2013) showed the effectiveness of 

ethyl acetate in extracting Streptomyces antibacterial 

compounds, in which ethyl acetate extract exhibited better 

antibacterial activity than other solvents. In this study, we 

investigated two isolates of Streptomyces associated with 

Chanos chanos, AIA12, and AIA17, which are thought to 

produce peptide-containing metabolites with potential 

antibacterial and antioxidant activity 

MATERIALS AND METHODS  

Preparation of Isolates 

Two isolates of AIA12 and AIA-17 were isolated from 

the gut of milkfish (Chanos chanos). Lyophilized isolates 

were regenerated by inoculating them on the yeast extract-

malt extract (YEME) broth and incubated for 3 days at 

30oC. The isolates were cultivated in YEME agar and 

incubated at 30oC for 14 days. Test bacteria, i.e., 

Staphylococcus aureus ATCC 25923, Bacillus cereus 

ATCC 10876, Pseudomonas aeruginosa InaCC B52, 

Salmonella enterica serovar Typhimurium ATCC 14028, 

Listeria monocytogenes and Escherichia coli ATCC 25922 

were grown on tryptic soy broth (Oxoid, UK) and 

incubated for 24 hours at 37oC. 

Phenotypic characterization 

The macroscopic morphology of the isolate’s colony 

was analyzed using six different media, i.e., YEME agar, 

nutrient broth (NB; Oxoid, UK), tryptic soy broth (TSB; 

Oxoid, UK), starch casein agar (SCA; Himedia, India), 

actinomycetes isolation agar (AIA; Difco BD, USA), and 

tryptone-yeast extract (ISP-1; Himedia, India). In 

macroscopic morphology, three parameters (production of 

soluble pigment, and color of the aerial and mycelium 

substrate) were observed. The microscopic morphology 

was analyzed using the coverslip method described by 

Shirling and Gottlieb (1966). Gram staining was conducted 

following Cerny (1978). The effect of NaCl and pH 

concentrations on isolates were evaluated by inoculating 

isolates at pH 5.0–10.0 and 2–12% NaCl concentrations on 

inorganic-salt-starch agar (ISP-4; Himedia, India) (Singh et 

al. 2014b). The activity of hemolysin-producing isolates 

was analyzed by inoculating each isolate on sheep's blood 

agar (Bernal et al. 2015). The utilization of carbon sources 

was evaluated by inoculating the isolates on a medium with 

1% concentration of carbon sources (Pridham and Gottlieb 

1948). The API 20 kit (Biomerieux, France) was used to 

determine the ability and response of isolates in producing, 

hydrolyzing or utilizing certain compounds or enzymes 

(Nurkanto and Agusta 2015). All tests were carried out on 

the 7th day after incubation at 30°C. 

DNA extraction, 16S rRNA PCR, and phylogenetic 

analysis 

The AIA12 and AIA17 isolates were incubated in 

YEME broth, incubated at 30°C for 7 days, and centrifuged 

for 15 min at 10,000 rpm to separate cell biomass and 

supernatant. For the DNA extraction process, cell biomass 

was used according to Pitcher et al. (1989). The DNA 

extract was amplified using PCR with primers 9F (5′-

GAGTTTGATCCTGGCTCAG) and 1541R (5′-

AAGGAGGTGATCCAGCC), evaluated by 1% (w/v) 

electrophoresis and sequencing. The sequencing data 

results were processed to obtain complementary sequences 

(contig) with CLUSTAL-X, converted to FASTA, and 

homology identified using the BLASTN program 

(https://blast.ncbi.nlm.nih.gov/Blast.cgi) provided by NCBI 

(www.ncbi.nlm.nih.gov) with a search set database nt 

(nucleotide collection), and a selection optimize program 

for highly similar sequences (megablast). The analysis of 

phylogenetic tree was determined using MEGA 6 with the 

Neighbor-Joining (NJ) algorithm and 1000 bootstraps 

resampling for assessing clade support from the built tree 

topology (Andayani et al. 2015; Felsentein 1985). 

Determination of optimum condition for secondary 

metabolite production 

Three different production media, i.e., nutrient broth 

with glucose (Farris et al. 2011), YEME broth (Shirling 

and Gottlieb, 1966), and gause’s synthetic broth 

(Dholakiya et al. 2017) were used to determine the 

optimum production media. Each isolate was inoculated on 

the medium and incubated for 10 days at 30°C. Harvesting 

of the supernatant was carried out by centrifugation 

(Hermle, Germany) for 15 min at 8000 rpm. Determination 

of the optimum time for secondary metabolite synthesis 

was carried out by measuring the dry weight of bacteria 

cell biomass and the supernatant's antibacterial activity 

from day 3 to day 11 (each 48-h interval) (Dholakiya et al. 

2017). The microdilution assay against Escherichia coli 

ATCC 25922 and Staphylococcus aureus ATCC 25923 

was used to test the antibacterial activity of each 

supernatant (Memarpoor-Yazdi et al. 2012). The low 

optical density value (OD600) in the microdilution assay 

demonstrated higher inhibitory activity.  

Production and extraction of secondary metabolites  

Each isolate was inoculated on yeast-malt extract broth 

and incubated under shaking conditions for 48 h at 30°C. 

Cell biomass was transferred to the optimum production 

medium and incubated in shaking incubator (New 
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Brunswick, Germany) at 180 rpm during the optimum 

production time (AIA-12 for 11 days and AIA-17 for 9 

days) at 30°C. Cell biomass and supernatant were separated 

with a centrifuge (Hermle, Germany) at 8000 rpm for 15 

min. The supernatant was collected and extracted with 

ethyl acetate (Merck, Germany) 1:1 (v/v) in a separating 

funnel. The extraction results were collected and 

concentrated using a rotary evaporator (Buchi, 

Switzerland) to acquire a crude extract of secondary 

metabolites. The concentrated crude extract was 

reconstituted in DMSO 2% (Merck, Germany), and stock 

concentrations were obtained at 10 mg mL-1 

(Gebreyohannes et al. 2013; Zothanpuia et al. 2017). 

Quantitative assay for antibacterial activity 

Crude extracts of secondary metabolites were prepared. 

A total of 20 μL of crude-extract was dripped on a blank-

disc with 6 mm diameter (Oxoid, UK), left to stand for a 

while so that the crude extract was absorbed into the disc, 

then placing the blank-disk on the Mueller Hinton agar's 

surface (MHA; Oxoid, UK) which had previously been 

inoculated by test bacteria. Incubation was carried out for 

24 h at 37°C. The antibacterial activities of the crude 

extract were assessed after completing the incubation 

process by measuring the inhibitory zone (mm) formed 

around the disc (Balouiri et al. 2016). 

Minimum inhibitory and minimum bactericidal 

concentration assay 

A microdilution assay with a 96-well microtiter plate 

was used to measure the minimum inhibitory concentration 

(MIC) value. Crude-extract of the secondary metabolite 

was prepared with concentrations of 10, 5.0, 2.5, 1.25, 

0.625, 0.312, 0.156, 0.078, 0.04, 0.02, 0.009, and 0.004 mg 

mL-1. A total of 100 µL crude extract was put into each 

well of a microtiter plate that had previously been given 

100 µL Mueller Hinton broth (MHB; Himedia, India). 

Next, 100 µL of test bacteria with a density of 1×106 CFU 

mL-1 was inserted into each well of a microtiter plate and 

were incubated at 37°C for 24 h. The Ampicillin (10 µg 

mL-1) and DMSO 2% were used as positive and negative 

controls, respectively. 96-well microtiter plates were 

incubated for 24 h at 37°C. The minimum bactericidal 

concentration (MBC) was analyzed by inoculating the MIC 

test results (three wells with the lowest concentration) onto 

Mueller Hinton agar (MHA; Himedia, India) and 

incubating for 24 h at 37°C (Balouiri et al. 2016). 

Preliminary analysis of antioxidant potential using the 

DPPH method 

The potential antioxidant analysis was conducted by 

combining 2 mL of DPPH solution (in methanol) in a dark 

tube with 2 mL of crude extract of each isolate or standard 

(ascorbic acid). The mixture solution was incubated at 

room temperature for 30 min in the dark. Furthermore, the 

OD solution was measured using a UV-Vis 

spectrophotometer at 517 nm (Janardhan et al. 2014). The 

radical scavenging operation percentage of DPPH was 

determined using the formula: 
 

 

 

Where: Ac was the absorbance of DPPH control, As was 

the absorbance of DPPH in the presence of extract/ 

standard. 

RP-HPLC Profile crude-extracts of secondary metabolites 

Twenty microliters of crude extract of secondary 

metabolites dissolved in methanol were injected into 

Agilent 1200 Series HPLC with XDC-C-18 column (4.60 × 

150mm; 5 µm). The analysis process used an elution 

gradient of 10% A-50% B (A Aceronitril, B Water), for 30 

minutes with a flow rate of 0.5 mL per minute. 

Multiwavelength UV-Vis detectors (MWD) are used to 

detect compounds at 210 and 214 nm for detection of 

carboxyl groups and peptide bonds, and 254 and 276 nm 

for detection of aromatic groups (Djinni et al. 2014). 

Statistical analysis 

The experiment was repeated three times and expressed 

as mean ± SD (standard deviation). One-way analysis of 

variance (ANOVA) and other data analysis was performed 

using the SPSS 18.0 program, in which the Duncan 

multiple range test (95% confidence interval) was used to 

determine differences that were significantly different 

between means. 

RESULTS AND DISCUSSION 

Phenotypic characterization of isolates 

The morphological characteristics of AIA12 and AIA17 

grown on six different media were found to be varied. 

YEME agar was the best growth media. In this media, 

AIA12 and AIA17 formed gray and white aerial mycelium, 

and cream-light brown and brown substrates mycelium, 

respectively (Figures 1.A.1-2 and 1.B.1-2; Table 1). AIA17 

isolates also showed their ability to produce brown soluble 

pigments. Observations using a light microscope also 

showed that AIA12 had a straight spore chain, while 

AIA17 had a spiral spore chain (Figures 1.A.3 and 1.B.3). 

Physiological characteristics showed both isolates grew 

well on a medium with a pH of 7.0 and a NaCl 

concentration of 8%, and did not show hemolytic activity 

(Table 2). The biochemical characteristics also showed that 

the isolate can hydrolyze starch, produce specific enzymes 

(e.g., urease, β-Galactosidase, and tryptophan deaminase), 

and utilize several carbon sources such as glucose, 

saccharose, amygdaline, and arabinose (Table 2). 
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Figure 1. Morphological appearance of Streptomyces sp. AIA12 dan AIA17 on YEME agar; A: Streptomyces AIA12; B: Streptomyces 

AIA17; 1: Aerial Mycelium; 2: Substrate Mycelium; 3: Microscopic appearance (1000x) 

 

 

Table 1. Cultural characteristic of Streptomyces sp. AIA12 and AIA17 on a different medium 

 

Properties 
Growth medium 

SCA AIA ISP-1 YEME NB TSB 

AIA12 

Growth 

Aerial mycelium 

Substrate mycelium 

Pigment production 

 

Good 

Beige 

White-Beige 

- 

 

Good 

White 

Cream-light brown 

- 

 

Poor 

- 

- 

- 

 

Very Good 

White 

Cream-light brown 

- 

 

Poor 

White 

White 

- 

 

Poor 

- 

- 

- 

AIA17 

Growth 

Aerial mycelium 

Substrate mycelium 

Pigment production 

 

Poor 

Grey 

Grey 

- 

 

Good 

White 

Cream-light brown 

- 

 

Good 

White 

White 

- 

 

Very Good 

White 

Brown 

Brown 

 

Poor 

Yellow 

Yellow 

- 

 

Poor 

- 

Beige 

- 

Note: SCA (strach casein agar); AIA (actinomycete isolation agar); ISP-1 (tryptone-yeast extract); YEME (yeast extract-malt extract); 

NB (nutrient broth); TSB (tryptic soy broth); (-): not formed 

 

 

Table 2. Biochemical and physiological characteristics of 

Streptomyces sp. AIA12 and AIA17 

 

Properties AIA12 AIA17 

Pigment production*  

pH range for growth*  

pH optimum for growth*  

NaCl tolerance* 

Hemolytic activity  

Enzyme production  

Tryptophan deaminase 

β-Galactosidase 

Urease 

Ornithine decarboxylase 

Arginine dihydrolase 

Gelatinase 

Lysine decarboxylase 

Utilization of carbon source 

Glucose 

Saccharose  

Inositol 

Mannitol 

Rhamnose 

Arabinose 

Melibiose 

Sorbitol 

Amygdalin 

Starch hydrolysis 

Citrate utilization 

Voges Proskauer 

Indole production 

H2S production 

Not produce 

5.0-9.0 

7.0 

8% 

Negative 

 

+ 

+ 

- 

- 

- 

+ 

- 

 

- 

- 

- 

- 

- 

+ 

- 

- 

+ 

+ 

+ 

- 

- 

- 

Brown 

6.0-9.0 

7.0 

6% 

Negative 

 

+ 

- 

- 

- 

- 

+ 

- 

 

+ 

+ 

- 

- 

- 

+ 

- 

- 

+ 

+ 

+ 

+ 

- 

- 

Note: (*): Characterization was carried out using optimum growth 

medium (YEME agar); (+): positive reaction; (-): negative 

reaction 

Strain Identification using 16S rRNA-based 

phylogenetic analysis 

The sequencing analysis revealed that AIA12 and 

AIA17 were composed of 1365 bp and 1363 bp 16S rRNA 

gene sequences, respectively. Both isolates belong to the 

genus Streptomyces, in which AIA12 was closely related to 

Streptomyces globisporus ARGB01 (99.56%), and AIA17 

was found to be closely related to Streptomyces misionensis 

S1-SC15 (99.34%) (Table 3). 

The sequences of isolates were submitted and deposited 

on GenBank with accession numbers MT774549 and 

MT774550. Phylogenetic tree analysis of two isolates 

based on the neighbor-joining showed both isolates had the 

points at which branches connect (nodes) separated which 

formed two distinct clades, in which AIA12 formed a 

single clade with S. globisporus ARGB01 and AIA17 

formed a single clade with S. misionensis S1-SC15. The 

resulting phylogenetic tree construction is shown in Figure 2. 

Optimum production condition  

The optimum production medium was determined 

based on the highest inhibitory activity. YEME was chosen 

as the best production medium. Microdilution test results 

showed that the OD600 of test bacteria (S. aureus and E. 

coli) exposed to YEME supernatants was lower than 

cultures exposed to other media supernatants (Figure 3). 

The lower optical density indicated the higher inhibitory 

activity against test bacteria. Statistical analysis of S. 

aureus OD600 growth also showed that supernatant 

exposure to YEME produced significantly lower OD600 

than other media. However, different results were found in 

the OD600 growth of E. coli, which were not significantly 

different from other media. 

A.1 A.2 A.3 B.1 B.2 B.3 
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 The measurement of the dry weight of bacterial cell 

biomass indicated the phases of bacterial growth, in which 

the beginning and the end of the growth phase can be seen 

from the increase in cell biomass weight (Figure 4). Both 

isolates ended the lag phase and entered the exponential 

phase (log phase) on day five. In AIA12, the exponential 

phase ends on the 9th-day and begins to enter the stationary 

phase on the 11th-day. Meanwhile, in AIA17, this phase 

was still ongoing until the 11th-day because there was still a 

slight increase in cell biomass. In the antibacterial activity 

test, the OD600 value of the two tested bacteria began to 

decrease on the 5th-day of the incubation period or in the 

exponential growth phase. The OD600 value continues to 

decline with the incubation time and changes in the growth 

phase. The decrease in OD600 value indicated an increase in 

the inhibitory activity of the tested bacteria. In AIA12, 

optimal antibacterial activity was obtained on day 11 or 

when the bacteria were in the stationary phase. Meanwhile, 

in AIA17, optimal antibacterial activity was obtained on 

day 9 or at the exponential phase (Figure 4). These conditions 

were used for further investigation described below.  

The antibacterial activity of secondary metabolite crude 

extracts  

Promising wide-spectrum antibacterial activity was 

demonstrated for the crude extracts of secondary metabolites 

AIA12 and AIA17. The two crude-extract tests showed the 

highest inhibition zone was produced in B. cereus, which 

was 18.5 ± 0.2 mm on AIA12 and 24.7 ± 0.4 mm on 

AIA17. Meanwhile, the lowest inhibition zone in the two 

crude extracts was produced in E. coli, which was 6.3 ± 0.6 

mm in AIA12 and 12.0 ± 0.3 mm in AIA17 (Table 4). 

The microdilution assay on 96-well microtiter plates 

returned MIC values between 2.50 and 0.31 mg mL-1 (Table 

5). In AIA12, the lowest MIC values were detected in P. 

aeruginosa and B. cereus (0.15 mg mL-1). Meanwhile, in 

AIA17, the lowest MIC were demonstrated in E. coli, P. 

aeruginosa, S Typhimurium, S. aureus, and B. cereus (0.31 

mg mL-1). In the MBC test, it was known that the MBC 

values obtained ranged from 5.00-0.31 mg mL-1, with the 

lowest MBC values in AIA12 with P. aeruginosa and B. 

cereus (0.31 mg mL-1) and AIA17 with in E. coli, P. aeruginosa, 

S. Typhimurium, and B. cereus (0.62 mg mL-1) (Table 5). 
 
 
Table 3. Alignment results of the 16S rRNA gene sequence on Streptomyces sp. AIA12 and AIA17 
 

Isolates BLAST result  
Accession 
number 

Max query 
cover (%) 

Max score Total score Max. Ident (%) 

AIA12 Streptomyces globisporus strain ARGB01 MH384424.1 100% 2484 2484 99.56% 
 Streptomyces atratus strain 1536 C13H MK484228.1 100% 2403 2403 98.47% 
 Streptomyces fradiae strain MB-51 MF686458.1 100% 2375 2375 97.88% 
       

AIA17 Streptomyces misionensis strain S1-SC15 AB819392.1 100% 2483 2483 99.34% 
 Streptomyces colonosanans strain MUSC 93 NR169464.1 100% 2427 2427 98.61% 
 Streptomyces koyangensis strain 1234 C7H MK484232.1 100% 2375 2375 97.88% 

  
 
Table 4. Zone inhibition (mm) of crude-extract Streptomyces sp. AIA12 and AIA17 by disc-diffusion method 
 

Bacterial test 
Inhibition zone (mm) 

AIA12 AIA17 Control (+) Control (-) 

Escherichia coli ATCC 25922 6.3±0.6 10.0±0.3 27.0±0.1 0±0 
Staphylococcus aureus ATCC 25923 6.7±0.1 19.7±0.5 23.5±0.2 0±0 
Salmonella Typhimurium ATCC 14028 14.5±0.3 15.0±0.3 35.5±0.5 0±0 
Listeria monocytogenes 13.2±0.4 16.2±0.4 24.5±0.5 0±0 
Pseudomonas aeruginosa InaCC B52 16.5±0.1 12.0±0.3 18.5±0.3 0±0 
Bacillus cereus ATCC 10876 18.5±0.2 24.7±0.4 32.0±0.4 0±0 

Note: The value was mean zone of inhibition (mm) ± standard deviation (SD) from three replication; Control (+): Ampicillin 10 µg mL-

1; Control (-): DMSO 2% 
 
 
Table 5. MIC and MBC value of Streptomyces sp. AIA12 and AIA17 crude extract (10 mg mL-1) 
 

Isolates Bacterial Test MIC (mg mL-1) MBC (mg mL-1) 

AIA12 Staphylococcus aureus ATCC 25923 2.50 5.00 
 Bacillus cereus ATCC 10876 0.15 0.31 
 Listeria monocytogenes 2.50 5.00 
 Escherichia coli ATCC 25922 2.50 5.00 
 Pseudomonas aeruginosa InaCC B52  0.15 0.31 
 Salmonella Typhimurium ATCC 14028 1.25 2.50 
     

AIA17 Staphylococcus aureus ATCC 25923 0.31 2.50 
 Bacillus cereus ATCC 10876 0.31 0.62 
 Listeria monocytogenes 0.62 1.25 
 Escherichia coli ATCC 25922 0.31 0.62 
 Pseudomonas aeruginosa InaCC B52  0.31 0.62 
 Salmonella Typhimurium ATCC 14028 0.31 0.62 

Note: MIC: Minimum inhibitory concentration; MBC: Minimum bactericidal concentration 



KURNIANTO et al. – Antibacterial and antioxidant of Streptomyces 

 

3201 

  
 

Figure 2. Phylogenetic tree of Streptomyces sp. AIA12 and AIA17 were constructed with MEGA 6.0 

 

 

  
  

A B 

 

Figure 3. The OD600 value of E. coli (A) and S. aureus (B) exposed to supernatant AIA12 and AIA17 grown on different production 

medium (NBG, GSB, and YEME); Control: E. coli and S. aureus cultured in growth medium without exposing to AIA-12 and AIA17 

supernatants 

 

 

  
A B 

Figure 4. Growth curve of AIA12 (a) and AIA17 (b) based on the bacterial cell biomass during incubation time and the OD600 value of 

E. coli and S. aureus exposed to supernatant AIA12 (a) and AIA17 (b) during the incubation time 

GSB YEME NBG 

            Growth curve              S. aureus             E. coli 
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Potential antioxidant activity  

The DPPH method was chosen since it is the most 

common and reasonably simple approach for measuring the 

radical scavenging activity of active biological particles. 

The results of DPPH radical scavenging activity and 

antioxidant activity of both extracts are presented in Table 

6. Our results showed that the percentage of DPPH radical 

scavenging activity was directly proportional to the 

antioxidant activity, where crude extract AIA17 at a 

concentration of 10 mg mL-1 has higher DPPH radical 

scavenging activity (65.12% ± 0.6) and potential 

antioxidant activity (28.2 ± 0.2 mg AEAC g-1) than those of 

AIA12. 

Crude-extracts of secondary metabolites profile 

Qualitatively, the two crude extracts of secondary 

metabolites produce similar RP-HPLC profiles (Figure 5). 

The similarity in the dominant peaks that appeared at 15 

minutes was detected at 210 and 214 nm. More peaks were 

detected with a more intense area in this wavelength, in 

which the peaks were scattered at the initial (RT 0-10 min) 

and mid (RT 10-20 min) retention time. These results 

indicate that the compounds contained in the crude extract 

of secondary metabolite experience optimal absorption. 

Different results were obtained at 254 and 276 nm, where 

there were only a few peaks with a smaller area. The peaks 

were also only scattered at the initial (RT 0-10 min) 

retention time. 
 

 

Table 6. DPPH free radical scavenging activity of Streptomyces 

sp. AIA12 and AIA17 crude extract (10 mg mL-1) 

  

Extracts Scavenging activity (%) 
Antioxidant activity 

(mg AEAC g-1) 

AIA12 18.95±0.7a 7.9±0.3a 

AIA17 65.12±0.6b 28.2±0.2b 

Note: The value was mean percentage of scavenging 

activity or antioxidant activity ± standard deviation (SD) 

from three replication; (a and b): different letters in the 

same column represent significance 

 

 

 

 

Figure 5. HPLC chromatogram metabolite-crude-extract profile from Streptomyces AIA12 (A) and AIA17 (B)  isolates detected at 210, 

214, 254, and 276 nm; HPLC chromatogram control (YEME medium extracted with ethyl acetate) profile detected at 210, 214, 254, and 

276 nm (C) 

A 

B 

C 
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Discussion 

Genomic identification confirmed the AIA12 and 

AIA17 isolates to be closely related to Streptomyces 

globisporus ARGB01 (99.56%) and Streptomyces 

misionensis (99.34%), respectively. Typical general 

morphological features of the Streptomyces genus were 

seen on the two isolates (Gebreyohannes et al. 2013; 

Hasani et al. 2014). The study of Abdel-Aziz et al. (2019) 

showed S. globisporus had a whitish-yellow aerial 

mycelium and pale yellow substrate mycelium, does not 

produce pigment, had a straight sporophore type, and was 

able to produce H2S. These morphological characteristics 

were similar to those found in AIA12. The differences were 

seen in the biochemical characteristics, in which AIA12 

was unable to produce H2S. Meanwhile, Ser et al. (2016) 

showed that S. misionensis had characteristics such as 

yellowish-white aerial mycelium and strong yellow 

substrate mycelium, producing melanoid pigments, being 

able to grow optimally at 40oC, pH 7.0, and NaCl tolerance 

0-6% (optimum 0-4%), catalase-positive, negative 

hemolytic activity, hydrolyze starch, and able to utilize 

various carbon sources such as glucose, sucrose, raffinose, 

lactose, and sorbitol.  

Despite being in the same species, the morphological 

characteristics found in S. misionensis were different from 

those of AIA17. The difference is in the aerial coloration 

and the mycelium substrate, of which AIA-17 has white 

and brown colors, respectively. Another difference is in the 

biochemical characteristics, where AIA17 cannot utilize 

carbon sources such as sorbitol. This difference was 

thought to be due to differences in strains between the two 

isolates, which resulted in differences in the biochemical 

profile and patterns of carbon source utilization of each 

isolate (Davelos et al. 2004; Lee et al. 2014; Tan et al. 

2019). According to Tan et al. (2019), although the results 

of genomic identification showed a high similarity of the 

16S rRNA gene (> 98%), variations in phenotypic 

characteristics displayed by isolates were still possible. 

Production media is an important factor that must be 

considered when optimizing antibacterial compounds 

(Vilches et al. 1990). The findings of the optimization 

showed that the best production medium was YEME broth. 

This media consists of yeast extract, malt extract and 

glucose as a carbon source, a nitrogen source and a source 

of nutrients needed for bacterial growth. At an optimal 

composition, this content can increase cell growth and the 

production of antibacterial compounds (Abdelghani 2017; 

Al Farraj et al. 2020). Sánchez et al. (2010) stated that the 

composition of the growth medium with proper nutrition 

will increase the production of antibacterial. Further 

research showed that antibacterial compounds began to 

appear to be synthesized on the 5th day of incubation or the 

initial logarithmic phase. This can be seen from the 

decreased optical density (OD) of the test bacteria growth.  

In AIA12, the maximum decrease in OD occurred on 

day 11 (stationary phase). This time is thought to be the 

optimum time for antibacterial synthesis. These results 

were similar to Dholakiya et al. (2017), which showed that 

the incubation period for optimum antibacterial synthesis 

occurred in the stationary phase. Unlike AIA12, AIA17 

showed a maximum decrease in OD on day 9 (late 

logarithmic phase), and there was another increase in OD 

on day 11 (stationary phase). This is unusual since 

secondary metabolite production is common during the 

ideophase (late log to stationary phase) (Sánchez et al. 

2010). Several factors are suspected to cause this, such as 

genetic factors and environmental factors (Bibb 2005). 

According to Sanchez dan Demain (2002) environmental 

factors such as the type and concentration of nutrients 

(sources of nitrogen, carbon and phosphorus) formulated in 

culture media affect the regulation of metabolism to 

produce antibacterial secondary metabolites. The 

formulation of the production media can also shift the 

antibacterial production phase (Aharonowitz 1980). Based 

on the type of nutrition, some nutrients are consumed by 

bacteria quickly and slowly. Carbon sources such as 

glucose can be rapidly consumed by bacteria and used to 

produce cells, while nutrients that are slowly consumed are 

used to form secondary metabolites (Sánchez et al. 2010). 

In addition, there are also nutrients that must be consumed 

before other nutrients are consumed. Kominek (1972) 

showed that S. niveus consumed ammonium sulfate earlier 

than proline. Although it results in inhibited antibacterial 

production, it is still necessary that proline is also 

consumed, which high proline consumption will produce 

high antibacterial. Some nutrients can suppress or 

accelerate antibacterial synthesis (Sánchez et al. 2010). 

The antibacterial activity analysis of crude extracts of 

secondary metabolites (extracted by ethyl acetate) AIA12 

and AIA17 showed that the compounds responsible for 

biological activity were extracellular so that they can be 

extracted and quantified (Passari et al. 2015). Ethyl acetate 

was used in the extraction process because it had a polarity 

level that matches the secondary metabolites produced by 

Streptomyces so that the extraction process is maximized 

(Kumala et al. 2015). The antibacterial activity analysis 

showed that the crude-extract AIA12 and AIA17 had 

broad-spectrum inhibitory activity. In AIA12, these results 

differ from those of Kaweewan et al. (2018) who found 

that the antibacterial thiopeptide (Glowbimycin) and 

Radamycin produced by S. globispours NRRL B-2709 

were able to inhibit only Gram-positive bacteria (B. 

subtilis, S. aureus, and M. luteus). In AIA17, the results of 

this study are similar to Saadouli et al. (2020), which 

showed that S. misionensis V16R3Y1 is capable of 

producing broad-spectrum antimicrobial peptides, which 

have dual roles as antibacterial and antifungal. The content 

of compounds and the level of purity of different 

compounds are thought to cause the differences in 

antibacterial activity shown (Umerska et al. 2018). The 

study Zhang et al. (2009) showed that the purification 

process of pentocin 31-1 (adsorption at pH 4.5 and release 

at pH 7.0, and Sephadex G-10 gel filtration 

chromatography) was able to increase its antibacterial 

activity up to 1381 times compared to its activity as cell 

culture supernatant. 

Natural extracts derived from microorganisms have not 

been widely used and can contain many antioxidants 
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(Huang et al. 2005; Tan et al. 2019). The study results 

showed that crude-extract AIA17 (10 mg mL-1) had 

65.12% free-radicals scavenging activity. These results 

indicate a moderate antioxidant potential. Study by Lee et 

al. (2014) and Kemung et al. (2020) identified a crude 

extract of Streptomyces sp. MJM 10778 (close to S. 

misionensis NBRC 13063) and Streptomyces sp. MUSC 14 

was able to show free-radicals scavenging activity reaching 

81.2%±0.2 at concentration 10 mg mL-1 and 24.7%±2.22at 

concentration 4 mg mL-1, respectively. Study by Tan et al. 

(2019) also found higher free-radicals scavenging activity 

reaching 42.33%±3.98 at concentration of 4 mg mL-1 from 

crude extract of Streptomyces sp. MUM212. The difference 

in potential as an antioxidant in each bacterium is thought 

to be due to biotic or abiotic pressures that were 

continuously found in their habitat environment so that 

microorganisms need to express metabolites with 

antioxidant activity as a survival mechanism to neutralize 

environmental conditions that can induce oxidative stress 

(McKee 1995).  

Qualitatively, the RP-HPLC profiles of the two crude 

extract secondary metabolites had identical profiles. The 

AIA12 and AIA17 profiles of crude-extract secondary 

metabolites had the highest absorption at 210 and 214 nm.  

The absorption at these wavelengths indicates a 

compound's ownership with one or more peptide bonds in 

the amido-chromophore group in its molecular structure 

(Praveen et al. 2008). Several amino acid such as threonine, 

methionine, and leucine were also detected at these 

wavelengths (Ezra et al. 2004).  In 254 and 276 nm, only 

AIA12 showed identical peaks. The presence of a 

detectable peak at this wavelength indicates the possession 

of aromatic moiety in its molecular structure (Taniguchi et 

al. 2014). The RP-HPLC profile can also show 

hydrophobicity properties (Kurnianto et al. 2020b). The 

AIA12 crude extract appears to be more hydrophobic than 

AIA17. This was indicated by more peaks, higher intensity 

and wider area at a retention time of 15-30 minutes. Based 

on these results, it was estimated that the two extracts have 

different constituent compounds (presumably peptides). 

AIA12 crude extract was estimated to contain compounds 

with more hydrophobic properties and have aromatic 

groups. Meanwhile, AIA17 contains compounds with more 

hydrophilic properties. Further purification and 

identification steps using LC-MS/MS are needed to find 

out more about the constituent compounds and the 

characteristics of the compounds contained in the extracts 

of AIA12 and AIA17. According to Gadde et al. (2017), 

antibacterial proteins or peptides generally contain cationic 

and hydrophobic residue. The cationic residue serves to 

assist the attachment of the peptide to the bacterial cell 

membrane, while the hydrophobic residue is related to the 

antibacterial activity by the insertion mechanism into the 

cell membrane through hydrophobic interactions 

(Naarmann et al. 2006). 

In conclusion, studies of isolates AIA12 and AIA17 

showed that they were potential producers of bioactive 

compounds. They were identified as Streptomyces and had 

several interesting characteristics such as salt and pH 

tolerance ability, production of several enzymes, and 

bioactive compounds. The crude extract analysis showed 

that the two isolates could produce bioactive compounds 

with potential antibacterial and antioxidant agents. As 

antibacterial agents, both crude-extracts exhibit broad-

spectrum antibacterial activity against Gram-negative and 

Gram-positive bacteria. The extract of AIA17 shows 

considerable antioxidant activity in scavenging DPPH 

radicals. These potentials suggest that Streptomyces 

isolated from an unusual niche environment can become a 

natural product source with a wide range of biological 

activities. 
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