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Abstract
The bioactive molecules found in Streptomyces are important due to their potential applications in 
medicine, particularly in combating infections and cancer. Studies have identified various bioactive 
compounds produced by different Streptomyces strains, highlighting their diverse therapeutic 
properties. Streptomyces albus is a prolific source of bioactive molecules, producing a diverse array 
of secondary metabolites with significant pharmaceutical potential. This study aimed to identify 
the bioactive components of Streptomyces strains isolated from marine sediment and assess their 
antioxidant properties. The experimental study was designed based on standard protocols to isolate 
Streptomyces strain from starch casein, which was further confirmed using 16S rRNA sequencing. 
The extracellular products from the strain were extracted using ethyl acetate and a high-efficiency 
vacuum evaporator to identify the active molecules using GC-MS. The antioxidant properties of the 
crude extract, including total phenol content, absolute antioxidant capacity, free radical neutralization 
power, and overall reducing power, were evaluated. All experiments were conducted in triplicate. Mean 
values with standard deviation were reported, and the isolated strain was identified as Streptomyces 
albus DR 57. In addition to eight primary active extracellular compounds, diethyl phthalate and glycyl-
L-proline were detected in this strain. Research has indicated that glycyl-L-proline possesses various 
therapeutic potentials. The phenolic compound (22.23 ± 0.37 µg/mL) identified in this strain serves 
as the principal element responsible for its antioxidant characteristics. This study concluded that the 
identified strain demonstrated significant antioxidant capabilities. Further investigation is required to 
understand the mechanisms involved and to enhance the extraction of these beneficial compounds 
for practical applications.
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INTRODUCTION

 Bacteria represent a significant reservoir 
of innovative natural compounds, with numerous 
bacterial natural products or their derivatives 
actively utilized in pharmaceuticals for both human 
and animal use, as well as in the food industry 
and crop protection.1,2 Research has extensively 
focused on identifying bioactive compounds of 
bacterial origin.3 Streptomyces species exhibit 
remarkable antioxidant properties, as evidenced 
by various studies. These studies highlight its 
potent free radical scavenging abilities, including 
activities against 2,2-diphenyl-1-picrylhydrazyl 
(DPPH), 2,2′-azino-bis (3-ethylbenzthiazoline-6-
sulfonic acid) (ABTS), and superoxide radicals as 
well as protective effects against DNA damage 
and cytotoxicity in cancer cell lines.4 This genus 
contributes to the production of 75% or a greater 
proportion of naturally occurring antibiotics.5,6 
Numerous valuable compounds with significant 
applications in industries such as pharmaceuticals, 
healthcare, and biochemical research originate 
from fascinating natural resources.7 Numerous 
studies have documented the preference 
for natural antioxidants derived from plants; 
nevertheless, alternative studies indicate that may 
also serve as a credible resource for preserving 
natural antioxidants.8-10 Actinobacteria, as a class of 
microorganisms, play a significant role in microbial 
drug discovery due to their ability to synthesize a 
wide array of secondary metabolites and bioactive 
molecules.11 Streptomyces albus strains are 
considered valuable assets for applications such as 
biological control, secondary metabolite synthesis, 
and plant growth enhancement. This bacterium 
is predominantly found in soil. Some bioactive 
compounds, such as daryamides, piperazimycins, 
diethyl phthalate, treptokordin, rioxacarcins, and 
cyclohexyl ethyl ester, have antibacterial, anti-
inflammatory, and anticancer activities.

MATERIALS AND METHODS

Sample collection

 Mangrove soil from a specific site in India 
was used for the research. Soil samples were 
collected from the Pichavaram Mangrove National 
Forest in Killai, Tamil Nadu, India. Soil samples 

were collected from a depth of 15 cm below 
the surface and placed in a septic containers for 
transportation to the working area. Actinomycetes 
were screened from the mangrove soil using a 
Starch Casein Agar (SCA) medium, comprising a 
mixture of 50% seawater and 50% distilled water.

Molecular characterization
 A bacterial genomic DNA purification 
kit  (HiMedia)  was used to isolate total 
genomic DNA. Primers of 16S rRNA 27F 
(5′-AGAGTTTGATCCTGGCTCAG-3′) and 1492R 
(5′-TACGGCTACCTTGTTACGACTT-3′) were used 
to amplify the 1480 bp gene. PCR conditions 
(Prima96-HiMedia) were as follows: denaturation 
at 94 °C for 3 min, followed by 30 cycles of 
denaturation at 94 °C for 1 min, annealing at 55 
°C for 1 min, extension at 72 °C for 1 min, and a 
final extension at 72 °C for 3 min. The amplified 
products were verified using a 1.2% agarose gel. 
The amplified products were sequenced using 
a Sanger Sequencing DNA Analyzer (Barcode 
BioSciences, Bengaluru). The 16S rRNA sequence 
was submitted to the NCB Inucleotide BLAST to 
assess its identity and similarity to sequences 
from other species in the database. Sequence 
alignment and phylogenetic tree construction 
were performed using MEGA 11 software.

Extraction of biologically active substances
 The growth medium was prepared 
using 50 mL of filtered seawater and 50 mL of 
distilled water. Thus, the inoculum was optimized 
at this particular ratio. Spores from the selected 
actinomycetes strain were collected and inoculated 
into 50 mL of the growth medium, incubating on a 
rotary shaker at 120 rpm for 48 h at 28 °C. After this 
period, 100 mL of production medium was mixed 
with 10% inoculum and incubated at 28 °C for 7 
days at 120 rpm. After fermentation, the mycelium 
and supernatant were separated by filtration, and 
centrifugation was performed at 10,000 rpm for 
30 min at 4 °C. Extracellular compounds were 
extracted using a liquid-liquid extraction method 
with an equal volume of ethyl acetate, followed 
by rotary evaporation to concentrate the extract.

Antioxidant activity
Determination of Total Phenol
 The quantification of total phenolic 
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compounds in five fractions was performed 
using spectrophotometric analysis with the Folin-
Ciocalteu reagent, following a slightly modified 
protocol from Tan et al.12 The extract was mixed 
with Folin-Ciocalteu reagent in a 1:1 ratio, 
followed by the addition of 4 mL of 1 M sodium 
carbonate. The resultant mixture was allowed 
to stand for 15 min. Optical density (OD) was 
measured spectrophotometrically at a wavelength 
of 765 nm. A standard curve was prepared using 
different concentrations of trihydroxybenzoic acid 
(100-1000 µg/mL) to quantify the total phenolic 
content of the extract, expressed as µg of gallic 
acid equivalents (GAE) per mg of extract. The assay 
was conducted in triplicate, and the results were 
averaged to enhance overall precision.

Determination of Total Antioxidant Activity
 The total antioxidant activity of the 
fractions was evaluated following the method 
of Prieto et al.13 An aliquot of 0.3 mL from each 
fraction was mixed with 3 mL of reagent solution, 
which comprised 0.6 M H2SO4, 28 mM Na3PO4, and 
4 mM (NH4)6MoO4. The mixture was incubated at 
95 °C for 90 min in a controlled water bath and the 
OD of each sample mixture was measured at 695 
nm. Ascorbic acid at a 100 µg/mL concentration 
was used as the standard control.

Quantitative Assessment of Free Radical 
Scavenging Activity via DPPH
 The scavenging capacity of each fraction 
was assessed using DPPH.14 Two milliliters of DPPH 
solution (0.002% in methanol) was mixed with 2 
mL of various concentrations (5-200 µg/mL) of 
each fraction and the standard (ascorbic acid) in 
separate tubes. The tubes were incubated in the 
dark at room temperature for 30 min, after which 
the OD was measured at 517 nm using a UV-Vis 
spectrophotometer. The absorbance of the DPPH 
control (which did not contain extract/standard) 
was recorded. The scavenging activity was 
calculated using the formula: Scavenging activity 
(%) = [(A - B) / A] × 100, where A is the absorbance 
of the DPPH control and B is the absorbance of 
DPPH in the presence of the extract/standard.

Total reducing power
 This assay followed the procedure 
outlined by Subramaniam et al.15 The bioactive 

compound-rich fractions (100 µL) were mixed 
with 1% K3[Fe(CN)6] and incubated at 50 °C for 
20 min; after this, 2.5 mL of 10% trichloroacetic 
acid was added to the mixture and centrifuged at 
5,000 rpm for 10 min. The supernatant (2.5 mL) 
was mixed with 2.5 mL of distilled water and 0.5 
mL of 0.1% FeCl3, and the resulting color intensity 
was measured at 700 nm. Ascorbic acid was used 
as the standard control.

GC-MS identification of bioactive compounds
 The ethyl acetate extracts of the samples 
were analyzed by GC-MS using a Shimadzu 
QP2010 Ultra instrument, connected to a gas 
chromatograph and mass spectrometer. The 
system was equipped with an Elite-1 fused silica 
capillary column. Helium (99.99%) was used as 
the carrier gas at a constant flow rate of 1.21 mL/
min, and an injection volume of 2 L was employed 
with a split ratio of 10. The injector and ion-source 
temperatures were adjusted to 160 °C and 200 °C, 
respectively. The oven temperature was started at 
60 °C and increased to 280 °C over approximately 
22 min. Readings were recorded at 70 eV with a 
scanning interval of 0.5 s. Chemical composition 
was analyzed using the NIST 14 library.16,17

Data analysis
 The experiments were performed thrice, 
and the values were expressed as means and 
standard deviations. Statistical analysis was carried 
out using SPSS software.

RESULTS

 Streptomyces albus DR57 was isolated 
from mangroves oil sediment to confirm that the 
selected colony originated from SCA agar. The 
total genomic DNA was extracted and amplified 
using the 16S rRNA gene (1,500 bp). The amplified 
product was sequenced and subjected to BLAST 
search to confirm its identity. Streptomyces 
albus DR57 sequence was submitted to NCBI 
GenBank under the accession number PP329835. 
Additional related species were selected to 
construct a UPMGA tree18 (Figure 1). This study 
included 13 nucleotide sequences. Unclear 
positions were excluded from the analysis. The 
complete dataset comprised 1,466 locations. 
Phylogenetic analyses were conducted using 
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MEGA11 software.19 The resulting phylogenetic 
tree illustrated the relationships between the 

selected strains, highlighting the distinct clustering 
of Streptomyces albus DR57 with closely related 

Table. Bioactive compound identified by GCMS study from Streptomyces albus DR57

No. Compound Name Rev.  Prob. molecular molecular
  Score % formula weight

1 DiethylPhthalate 837 45.4 C12H14O4 222.24 g/mol
2 Phthalicacid, ethyl hex2-yn-4-ylester 859 11.8 C16H18O4 274.31 g/mol
3 Phthalicacid,cyclohexylethylester 825 3.24 C16H20O4 276.33 g/mol
4 Pyrrolo[1,2-a]pyrazine 1,4-dione, hexahydro 710 43.8 C11H18N2O2 210.27 g/mol
5 4-Octene,2,3,7-trimethyl-,[S-(E)] 706 37 C11H22 154.29 g/mol
6 Glycyl-L-proline 662 8.02 C7H12N2O3 172.18 g/mol
7 1,7-Dimethyluricacid 880 43.05 C7H8N4O3 196.16 g/mol
8 1,1-Dimethyl-2-propenylacetate 867 27.81 C7H12O2 128.169 g/mol

Figure 1. Phylogenetic analysis of UPGMA tree of Streptomyces albus DR57

Figure 2. Antioxidant properties of Streptomyces albus 
DR57

species. Bootstrap values indicated strong support 
for these groupings, reinforcing the phylogenetic 
significance of Streptomyces albus DR57 within its 
clade; Streptomyces sp. has attracted significant 
interest owing to its prospective applications in 
the pharmaceutical sector. The present study 
indicates that Streptomyces albus DR57 produces 
secondary metabolites with significant antioxidant 
activity. A total antioxidant capacity value of 26.13 
± 0.4 µg/mL, a total reducing power of 18.06 ± 
0.51 µg/mL, and the presence of free radicals 
revealed in the DPPH assay indicated a 19.6 ± 
0.62 µg/mL equivalent to the standard. The total 
phenol content quantified equivalent of trihydroxy 
benzoic acid was 22.23 ± 0.45 µg/mL (Figure 2). 
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Further analysis revealed that the secondary 
metabolites exhibited diverse bioactivities, 
suggesting their potential utility in developing 
novel therapeutic agents. For the GCMS analysis, 
eight compounds were identified (Table); apart 
from these, diethyl phthalate and glycyl-L-proline 
are potentially active molecules (Figure 3). These 
compounds have potential therapeutic relevance 
due to their antibacterial, anti-inflammatory, 
and anticancer activities, which warrant further 
investigation to elucidate their mechanisms of 
action and efficacy in the clinical setting.

DISCUSSION

 Streptomyces species demonstrate high 
antioxidant activity, with some extracts showing up 
to 94.84% scavenging activity in the DPPH assay. 
The reducing power of streptomyces extract is 
also significant, with some showing up to 81.83% 
ferric-reducing ability. This suggests that these 
strains can effectively donate electrons, further 
contributing to their antioxidant capacity.20 The 
DPPH assay is a reliable method for assessing free 
radical scavenging, with Streptomyces species 
exhibiting substantial inhibition percentages such 
as 62% and 78% for specific isolates. Bioactive 
compounds such as GABA and phenolic derivatives 
significantly improve their capacity for radical 
scavenging.21 Diethyl phthalate can be utilized 
in immuno detection processes by developing 
artificial coating antigens.22 It poses potential 
risks to aquatic life, as evidenced by studies 
showing its toxic effects on the hematological 
parameters of fish, indicating that even sub-lethal 

concentrations can disrupt biological functions.23 
Moreover, glycyl-L-proline has been identified 
as a promising candidate for enhancing wound 
healing due to its role in collagen synthesis and 
cellular proliferation, highlighting the need for 
further research into its mechanisms of action.24 
Additionally, combining these two compounds may 
offer novel therapeutic avenues, particularly in 
regenerative medicine and environmental safety, 
warranting comprehensive studies to explore their 
synergistic effects. Another potential compound, 
glycyl-L-proline (Gly-Pro), and its derivatives have 
garnered attention for their neuroprotective 
properties and potential therapeutic applications, 
particularly in neurodegenerative diseases. Kaneko 
et al.25 indicate that Gly-Proanditscyclicform, 
cyclicglycyl-L-proline, enhanced neural plasticity 
and facilitated learning in ischemic stroke models. 
Additionally, glycine-L-proline-L-glutamate analogs 
have shown promise in modulating oxidative 
stress and neuronal death, suggesting their 
potential in treating Alzheimer’s disease.26 
Furthermore, ongoing research has elucidated 
their roles in cellular signaling pathways and 
neuroinflammation. Recent studies have also 
explored the synergistic effects of Gly-Pro 
derivatives and other neuroprotective agents, 
highlighting their potential to enhance the efficacy 
of combination therapies. As Streptomyces 
albus has diverse pharmaceutical applications, 
particularly in developing antibiotics, anticancer 
agents, and other therapeutic agents, exploring 
its metabolites has revealed promising avenues 
for drug development. The biosynthetic pathways 
of these antibiotics have been extensively studied, 

Figure 3. Potential bioactive molecule from Streptomyces albus DR57
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allowing for genetic manipulation to enhance 
production.27 Moreover, optimizing fermentation 
conditions to maximize yield and potency could 
lead to more effective treatments for various 
diseases. The Streptomyces albus DR57 strain 
exhibited promising antioxidant properties, and 
further research is needed to understand the 
exact mechanism and optimize these beneficial 
compounds for future applications. Additionally, 
this strain can produce secondary metabolites 
downstream of novel compounds under varying 
environmental conditions with enhanced efficacy.

CONCLUSION

 The antioxidant capacity, reducing 
ability, and free radical scavenging potential 
of Streptomyces species, as partially assessed 
through the DPPH assay, revealed its significant 
potential for therapeutic applications. The findings 
of this study indicate that the strain Streptomyces 
albus DR57 exhibits notable antioxidant activity, 
effectively neutralizing free radicals. Bioactive 
compounds can be further isolated and developed 
for commercial applications.
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