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ABSTRACT: The increasing concern over multidrug resistance in
pathogens has led to an ongoing search for novel antibiotics derived
from soil actinobacteria. In this current investigation, actinobacteria
were isolated from the rhizosphere of bamboo plants collected within
the Megamalai forest of the Western Ghats in the Theni zone of
Tamil Nadu, India. These actinobacteria were subjected to
characterization, and their growth conditions were optimized to
enhance the production of bioactive compounds. To assess
antibacterial properties, the isolated Actinobacteria underwent testing
using the agar plug method. The strain exhibiting notable
antibacterial activity underwent further characterization through 16s
rRNA gene sequencing and subsequent phylogenetic analysis.
Employing response surface methodology (RSM), cultural conditions
were fine-tuned. Bioactive compounds were extracted from the culture medium using ethyl acetate, and their antibacterial and
antioxidant effects were evaluated through disc diffusion and DPPH radical scavenging methods, respectively. Ethyl acetate extracts
were analyzed by using FT-IR and GC−MS techniques. In total, nine strains of Actinobacteria were isolated from the rhizosphere
soil of bamboo. Among these, strain BS-16 displayed remarkable antibacterial activity against three strains: Staphylococcus aureus (19
mm), Bacillus subtilis (12 mm), and Streptococcus pyogenes (10 mm). This strain was identified as Streptomyces sp. The optimal
conditions for bioactive compound production were determined as follows: malt extract (10 g), yeast extract (5 g), dextrose (5 g),
pH 6.5, and temperature 30 °C. After a 7-day incubation period, the results showed a 6% increase in production. The ethyl acetate
fraction derived from strain BS-16 exhibited dose-dependent antibacterial and antioxidant activities. FT-IR and GC−MS analyses
revealed the presence of active compounds with antibacterial effects within the extract. Consequently, further investigation into the
BS-16 strain holds promise for scaling up the production of bioactive compounds possessing antibacterial and antioxidant properties.

1. INTRODUCTION
In the 21st century, antimicrobial resistance (AMR) stands out
as a paramount global health issue, presenting significant threats
to humanity’s well-being.1 Recognizing this, the World Health
Organization (WHO) pinpointed AMR as one of the foremost
10 global health risks in 2019. Consequently, the pursuit of novel
antibacterial compounds has become evenmore urgent, with the
aim to counter the proliferation of AMR infections within
clinical environments.

Actinobacteria show great potential in creating secondary
compounds that are being studied for various bioactive
molecules such as antibiotics, anticancer, and antivirals for the
treatment against different ailments.2 In addition, actinomycetes
are considered a source of agroactive compounds, plant growth-
promoting agents, biocontrol molecules, and bioremediation.3

Actinomycetes are responsible for nearly 70% of all known
microbial secondary metabolites.4 Macrolides, β-lactams,
aminoglycosides, angucyclinone, phenazines, anthracyclines,

benzoxazolophenanthridines, and tetracyclines are the anti-
microbial substances isolated from actinomycetes.5 About 75%
of actinomycetales compounds were from Streptomyces and 25%
were from rare actinomycetes.5 Most of these compounds show
antibiotic and antioxidant activity. Actinobacteria are present
widely in soil, plant, animals, freshwater, and marine ecosystem.
In these environments, actinobacteria play vital role in host
nutrient assimilation and recycling as well as in defense.1,6

Actinobacteria’s adaptation and interaction in such harsh
conditions has given them the ability to synthesize a diverse
range of physiologically active metabolites through different
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biosynthetic pathway.7 The filamentous actinobacteria with
either moderate (∼5−7.9 MB) or large genome (>8 MB)
contains many natural products-biosynthetic gene cluster.8

Recently, actinobacteria are focused for bioprospecting
campaigns for discovering new bioactive molecules.9 Bamboo
is considered as a valuable resource for forests since it is both
economically and environmentally beneficial. Bamboo depends
on the rhizome and is a fast-growing plant. There are 116 genera
and 1400 species of bamboo in the globe, except for Europe and
Antarctica; they are mostly found in tropical and subtropical
climates.10 The advantages of bamboo aremanifold. In the realm
of traditional medicine, their leaves and roots have found utility.
Research has demonstrated the presence of antioxidant,
anticancer, and antibacterial qualities in bamboo roots and
leaves.11 An instance of note involves the isolation of
Streptomyces gramineus JR-43T from the rhizosphere soil of a
specific bamboo plant, Sasa borealis. Within Sasa borealis litter,
this strain of Streptomyces stood out as the predominant
actinobacterial isolate, constituting over 97% of the total
composition.12

The soil microbiome serves as a valuable indicator of soil
quality due to its exceptional responsiveness to evenminor shifts
in the environment caused by environmental stressors.13 Within
the rhizosphere soil, a multitude of microorganisms play a
pivotal role in fostering both plant growth and potential
bioactivity. The interaction between a plant and amicrobe yields
significant effects on the plant’s development, encompassing
factors like growth and microbial metabolism. Notably, the
bacteria thriving in the rhizosphere of the soil exhibit an
impressive capacity to break down intricate compounds present
in plant secretions. Through the release of root exudates, plants
stimulate microbial and nutritional processes in the rhizosphere,
thus contributing to the accumulation of carbon originating
from organic matter in the soil.14 The plant rhizosphere
constitutes the area between plant roots and the soil, inhabited
by a diverse array of living organisms that regulate plant growth,
encompassing both rhizosphere and endophytic bacteria.15

Among the countries of the Asia-Pacific region, China has the
highest bamboo diversity, followed by India (approximately 148
species in 29 genera of bamboos), Japan, Vietnam, and South
Korea.10 India’s deciduous and semievergreen regions, along
with the tropical moist deciduous forests in both the northern
and southern parts of the country, harbor the largest number of
species.16 Bamboo limits the amount of carbon dioxide. Also, in
comparison to other trees, bamboo produces 35% more oxygen.
Bamboo is known for various biological properties such as
melanin synthesis inhibition, antimicrobial activity, tyrosinase
inhibition activity, antioxidant activity, prevention of infectious
diseases, anti-inflammation, and protection against various
diseases (cardiovascular, metabolic, and neurological/neuro-
psychiatric diseases).17 Bacteria are more diverse in rhizosphere
(area adjacent to plant roots) than other areas without roots.18

Hence, rhizosphere of various plants such as wheat, paddy, yam,
Barringtonia racemosa, and Calotropis procera is explored for the
Actinomycetes.19,20 Keeping all these facts in view, in the present
study, we aimed to isolate actinobacteria from the least explored
environment such as bamboo rhizosphere and screening for the
presence of antimicrobial activity.

2. MATERIALS AND METHODS
2.1. Materials. 2, 2-diphenylpicrylhydrazyl (DPPH) was

purchased from Sigma, USA. Mueller Hinton Agar (MHA),
yeast extract malt extract (YEME), agar, dextrose, yeast extract,

and malt extract were purchased from Himedia, India. All the
solvents of the highest purity were purchased fromMerck, India.

2.2. Soil Sample Collection and Pretreatment. The soil
samples were taken in sterile cover from the rhizosphere of
bamboo plants [Megamalai forest (9° 41′ 59.99″ N, 77° 23′
59.99″ E), Western Ghats in Theni zone, Tamil Nadu, India].
Collected samples were air-dried at room temperature for 48 h
to reduce the level of bacterial contamination. All sediment
samples were heated at 55 °C for 6 min to promote
actinomycete isolation. The samples were gathered in sterile
zip-lock bags.

2.3. Isolation of Actinobacteria Inhabiting Bamboo
Rhizosphere. A 1 g soil sample was serially diluted in sterile
saline solution at a ratio of 1:10 to 1:1000. The YEME medium
supplemented with cycloheximide and nystatin was covered
with an aliquot of 0.1mL of each dilution. For 7 days, plates were
incubated at 28 °C. As stock cultures, the purified colonies were
kept in 20% glycerol at −80 °C on YEME agar slants.

2.4. Morphological Characterization and Screening of
the Actinobacteria. Strain BS-16, the chosen isolate, was
introduced into the ISP2 medium for the purpose of undergoing
culture characterization. The Petri dishes containing the
medium were subsequently placed in an incubator, where they
were allowed to cultivate for a duration of 7 days at a
temperature of 28 °C. The sterilized ISP2 was prepared and
poured into the Petri plate. After solidification, about 2 cm
square of the ISP2 agar was cut into the surface, and spore of the
selected strain was added and incubated at room temperature.
After incubation, the spore was observed using a scanning
electron microscope.

2.5. Molecular Characterization of the Actinobacteria.
The genomic DNA was isolated from the strain BS-16. 16S
rRNA gene was amplified using the PCRmethod with TaqDNA
polymerase and primers 518F (5′ CCAGCAGCCGCGCTAA-
TACG 3′) and 800R (5′ TACCAGGGTATCTAATCC 3′).
The conditions for thermal cycling were as follows: denaturation
of the target DNA at 95 °C for 4 min, followed by 30 cycles at 94
°C for 1 min, primer annealing at 50 °C for 1 min, and primer
extension at 62 °C for 1 min. At the end of the cycling, the
reaction mixture was held at 72 °C for 10min and then cooled to
4 °C (Eppendorf Mastercycler personal, USA). The PCR
product was sequenced by an automated sequencer (AB13730,
Eppendroff Master Cycler personal). The sequence obtained
was compared for the similarity level with the reference species
of Streptomyces contained in genomic database banks, using the
“NCBI Blast” (https://www.ncbi.nlm.nih.gov/) web site. After
BLAST analysis, a data set of potential orthologs was prepared
by considering those database sequences which had >99%
sequence identity with the query sequence of strain BS-16.21

A phylogenetic and molecular evolutionary analysis of BS-16
was conducted using software included in the MEGA version
418 package. The 16S rRNA sequence of the strains BS-16 was
aligned (http://www.ebi.ac.uk/clustalw) against corresponding
nucleotide sequences of representatives of the genus Strepto-
myces retrieved from GenBank.22−24 Evolutionary distance
matrices were generated as described, and a phylogenetic tree
was inferred by the Neighbor joining method. Tree topologies
were evaluated by bootstrap analysis based on 1000 resembling
of the neighbor joining data set.25,26

2.6. Screening for Antibacterial Activity Using the
Agar Plug Diffusion Method. YEME agar plates with
actinobacterial strains were inoculated, and the plates were
then incubated at 28 °C for 7 days. Agar plugs containing test
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organisms (Staphylococcus aureus, Bacillus subtilis, and Strepto-
coccus pyogenes) were placed over MHA. All of the plates were
incubated at 37 °C for 24 h. The zone of inhibition was
measured in millimeters.

2.7. Optimization by Response Surface Methodology.
The Box-Behnken design (BBD) was used to evaluate the
significance of factors such as yeast extract, malt extract,
dextrose, pH, and temperature, and the medium composition
was optimized for the maximum production of bioactive
compounds and antimicrobial activity. The response surface
methodology (RSM) data were subjected to an analysis of
variance (ANOVA) test. To determine the significance of the
regression coefficient, the F-test and p-value were used, and the
coefficient of determination (R2) and adjusted R2 were used to
express the model’s suitability. The suitability of the fitted model
was evaluated by comparing the experimental and predicted
values.

2.8. Production and Extraction of Bioactive Com-
pound. Spores of the BS-16 strain were inoculated into ISP2 for
48 h at 28 °C in a rotary shaker at 120 rpm. The inoculum was
then mixed with 100 mL of production medium (ISP2) and
shaken for 7 days at 120 rpm and 28 °C in a rotary shaker. The
supernatant was obtained at the end of the incubation period by
centrifuging the production medium at 10,000 rpm for 30 min at
4 °C.

2.9. Antibacterial Activity of Ethyl Acetate Extract of
BS-16. 2.9.1. Disc Diffusion Method. The disc diffusion
method was employed to assess the antimicrobial susceptibility
against bacterial pathogens such as S. aureus, B. subtilis, and S.
pyogenes. The positive controls for this evaluation included
gentamicin and nystatin discs. Sterile discs, with a diameter of 6
mm from Himedia, were impregnated with 30 μL of a diluted
crude extract in a solution of 0.5% DMSO. As a reference, discs
coated with 0.5% DMSO from Qualigens Fine Chemicals Pvt.
Ltd. (San Diego, USA) were utilized as solvent controls. After
impregnation, the plates were maintained at a temperature of 4
°C for 30min to facilitate the diffusion of the extract, followed by
incubation at 37 °C for a span of 24 to 48 h. The presence of a
distinct zone of inhibition encircling the disc indicated
antagonistic activity against the test organism, with the diameter
of this inhibition zone subsequently being measured to
determine the degree of antagonism.27

2.9.2. Determination of Minimum Inhibition Concentra-
tion. The determination of the minimum inhibitory concen-
tration (MIC) of the extract against each pathogen was carried
out using a modifiedmethod.28 In this procedure, 2 mL of sterile
nutrient broth was prepared, and different concentrations of the
extract (ranging from 0.313 to 20 mg/mL) were added to
separate tubes. To each of these tubes, 0.1 mL of the respective
test pathogen was introduced. Subsequently, the tubes were
placed in an incubator set at 37 °C for 24 h. As a reference, an
additional set of identical tubes containing 25 μg/mL
chloramphenicol was utilized as a control. The evaluation
involved detecting microbial growth through the assessment of
the turbidity in the tubes following the incubation period.
Specifically, the level of cloudiness observed in the tubes
indicated the extent of the microbial growth. Among the tubes
with various extract concentrations, the one displaying the least
discernible signs of growth was identified as the tube possessing
the lowest inhibitory concentration of the extract.

2.10. DPPH Radical Scavenging Activity. The scavenging
activity of 1,1-diphenyl-2-picrylhydrazyl (DPPH) was evaluated
by dissolving it in 3.3 mL of methanol in a test tube. The test

tube was wrapped in aluminum foil to block light. After 150 μL
of the DPPH solution was added to 3 mL of methanol, the
absorption at 517 nmwas immediatelymeasured and confirmed.
Standard chemical (ascorbic acid) and actinomycete solvent
(stock concentrations, i.e., 1 mg/1 mL) fractions were collected
at concentrations of 100, 200, 300, 400, and 500 μL. 3 mL of
methanol and 150 L of DPPH were then added to each reaction
vessel. After 15 min at 517 nm, the absorbance was measured
using a Cyber lab.29

The free radical scavenging activity of DPPH was determined
using the formula

Ä

Ç
ÅÅÅÅÅÅÅÅÅ

É

Ö
ÑÑÑÑÑÑÑÑÑ

scavenging activity (%)

absorbance (control) absorbance (sample)
absorbance (control)

100

=

×
2.11. Fourier Transform Infrared Spectral Analysis.

Using the potassium bromide (KBr) pellet method, the spectra
were produced with a resolution of 1.0 cm−1 in the region of
4000 to 400 cm−1. KBr pellet was made using 100mg of KBr and
1 mg of the ethyl acetate fraction. The intensity versus
wavenumber of the spectrum was displayed.

2.12. Gas chromatography−Mass Spectrometry Anal-
ysis. GC−MS analysis of the ethyl acetate extract obtained was
carried out using the silica capillary column (ELITE- 5MS) 30 ×
0.25 mm I.D., film thickness 0.25 μm to record the mass
spectrum. An aliquot of 1.0 μL of the sample was administered.
The compounds were identified based on comparisons of the
mass spectra obtained with those from theWiley andNIST 2008
libraries.

2.13. Statistical Analysis. Every experiment was carried out
in duplicate, ensuring the reliability of the results. The mean
value and standard deviation were calculated to provide a
comprehensive overview of the data’s central tendency and
dispersion. To ascertain the significance of discrepancies in the
mean values of inhibitory zones formed by the crude extracts
compared with the control antibiotic when tested against the
target organisms, OriginLab software was employed. This
software facilitated the statistical assessment of variations
between these values.

3. RESULTS
Colonies with actinobacterial morphology were observed on
ISP2 media. In the preliminary antimicrobial screening, the
strain BS-10 showed zone of inhibition against S. aureus (11
mm), as shown in Table 1. However, the strain BS-16 showed
zone of inhibition against all the three strains [S. aureus (19
mm), B. subtilis (12 mm), and S. pyogenes (10 mm)] studied.
Hence, BS-16 was selected as potential strain for further studies.
The morphology of the BS-16 strain grown in YEME agar is
shown in Figures 1 and 2. The SEM image of BS-16
Actinobacterial spores showed that the morphology is smooth
and straight (Figures 1 and 2).

The BLAST analysis of the BS-16 actinobacteria 16s rRNA
gene sequence revealed 99% similarity to Streptomyces sp.
(Figure 3) and depicts the phylogenetic relationship of the strain
BS-16 and related taxa. Sequence similarities of 99.67% were
found between the potential strain BS-16 and various
Streptomyces species. The sequencing of the 16s rRNA gene
from strain BS-16 was successfully deposited in GenBank under
the accession number MT525339.1.
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The most accurate predicted R2 values for bioactive
compounds were 0.7872 and 0.6616 in the cubic model. Lack
of fit had the highest P value (0.2316), indicating that it is not
significant for zone of inhibition (Tables 2 and 3). The three-
dimensional surface graphs were created to forecast the
interaction between the five independent variables and the
response (Figures 4 and 5).

The antibacterial effect of ethyl acetate extract of BS-16
culture was studied using a disc diffusionmethod. In comparison
to B. subtilis (10 mm) and S. pyogenes (15 mm), the zone of
inhibition against S. aureus (25 mm) was found to be higher for
ethyl acetate extract of BS-16 culture media (Table 4).

Each value is the mean ± SD of triplicate analysis. MIC values
of ethyl acetate extract of BS-16 culture media against S. aureus,
B. subtilis, and S. pyogenes were found to be 0.661, 0.987, and
0.986 μg/mL, respectively (Figure 6). In vitro antioxidant
activity of the ethyl acetate extract of BS-16 was described as
DPPH radical scavenging activity (Figure 7). The IC50 value of
the ethyl acetate extract of BS-16 against DPPH radical
scavenging was found to be at 56.62 μg/mL.

The functional groups present in active components of the
ethyl acetate extract of BS-16 were determined using Fourier
transform infrared (FT-IR) (Figure 8). The observed peaks at
2982.21, 1736.25, 1372.64, 1233.38, 1041.02, 845.69, and
604.37 cm−1 correspond to CH alkane, C�O of aldehyde, NO2
in the aliphatic nitro group, C−O−C in esters, CH−O−H in
cyclic alcohol, R−NH2 in primary amines, and C�O of amide,
respectively.

The compounds identified in BS-16 are listed in Table 5. The
major compounds identified were eicosanoic acid, 1,2-
denzenedicarboxylic acid, diisooctyl ester, N-hexadecanoic
acid, pentadecanoic acid, 9-(E)-eicosene, phthalic acid,
monoethyl ester, and phthalic anhydride.

4. DISCUSSION
Actinomycetes, in particular, Streptomyces sp., continue to be the
microbes with the greatest economic and biotechnological
benefits, producing most of the antibiotics used in medicine.
Rhizosphere creates an ideal habitat for microorganism growth
due to availability of nutrient and organic materials derived from
root exudates.30 Various Actinobacteria (Streptomyces bambusae
sp. nov., Streptomyces. gramineus sp. nov., Streptomyces sasae sp.
nov) from bamboo rhizosphere have been isolated from various
regions globally, including China and Korea.31,32 Actinobacteria
are common in rhizome soils and can produce a variety of useful
secondary metabolites and substances with different properties.
Actinobacteria isolated from bamboo rhizosphere soil exhibited
unusual culture morphology and soluble pigment, indicating the
potential of new bioactive compounds widely used in the field of
biomedicine. Nonetheless, there has been limited exploration of
actinobacterial species within the bamboo rhizosphere in India.
This current research conducted bioprospecting on actino-
bacteria derived from the rhizosphere of bamboo plants situated
in the Megamalai forest of Theni district, Tamil Nadu, India. In
this study, a total of nine distinct actinobacteria strains were
successfully isolated from soil samples collected from the
bamboo plant rhizosphere. All of the isolated actinobacteria
displayed unique morphologies. Initial screening for antibacte-
rial activity revealed the strain BS-16’s potency against various
test organisms including S. aureus, B. subtilis, and S. pyogenes.
Subsequent molecular and phylogenetic analyses confirmed the
similarity of BS-16 to Streptomyces sp., and the 16S rRNA
sequence was deposited under the accession number
MT525339.1. For a long time, Streptomycetes has been
considered as free-living soil inhabitants; however, the beneficial
relationship of Streptomyces sp. with host plants as endophytes
has been understood.33 Exudates from root systems, which are
rich in different organic compounds created by the plant in the
vicinity of the roots, determine the diversity and concentration
of soil microorganisms.34 Recently, rhizosphere inhabiting
Actinobacteria, in particular, Streptomyces sp. of various other
plants such as C. procera, Caesalpinia pyramidalis Tul, cassava,
and olive were reported for antimicrobial activities.35,36 In
concordance with these previous reports, the BS-16 (Strepto-

Table 1. Antibacterial Activity of Actinobacterial Strains by
the Agar Plug Methoda

s.
no strain zone of inhibition (diameter in mm)

Staphylococcus
aureus

Bacillus
subtilis

Streptococcus
pyogens

1 BS-2
2 BS-4
3 BS-5
4 BS-10 11 ± 0.86
5 BS-13
6 BS-16 19 ± 1.44 12 ± 1.05 10 ± 1.26
7 BS-17
8 SM-1
9 SM-4

aEach value is the mean ± SD of triplicate analysis.

Figure 1. (a) Isolate BS-16 cultured on ISP-2 medium.

Figure 2. SEM image of the potential isolate.

ACS Omega http://pubs.acs.org/journal/acsodf Article

https://doi.org/10.1021/acsomega.3c04954
ACS Omega 2023, 8, 36333−36343

36336

https://pubs.acs.org/doi/10.1021/acsomega.3c04954?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c04954?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c04954?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c04954?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c04954?fig=fig2&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c04954?fig=fig2&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c04954?fig=fig2&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c04954?fig=fig2&ref=pdf
http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.3c04954?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


myces sp) strain isolated from bamboo rhizosphere has shown
antibacterial activity.

The metabolites generated by actinobacteria are predom-
inantly extracellular. Typically, these bioactive metabolites are
isolated using the moderately polar solvent ethyl acetate.37

Similarly, within this current investigation, the ethyl acetate
fraction from the growth medium of BS-16 was subjected to

further analysis regarding its antimicrobial potential. Notably,
this fraction exhibited strong antibacterial activity against S.
aureus, B. subtilis, and S. pyogenes. Additionally, the ethyl acetate
fraction demonstrated in vitro antioxidant activity. The ethyl
acetate extract of various actinomycetes species isolated from
various habitats such as coastal, mangrove soil, and humus soil
shows antioxidant activity.38 Actinomycetes are known for the

Figure 3.Neighbor-joining approach was used to construct a phylogenetic tree displaying the relationships between Streptomyces sp. BS-16 and related
species as revealed by 16S rRNA gene sequencing.

Table 2. ANOVA Results for the Coefficient of the Cubic Model for Bioactive Compound Production

source sum of squares df mean square F-value p-value

model 0.4481 20 0.0224 20.63 <0.0001 significant
A-yeast extract 0.0000 1 0.0000 0.0230 0.8806
B-malt extract 0.0121 1 0.0121 11.14 0.0026
C-dextrose 0.0149 1 0.0149 13.70 0.0011
D-pH 0.0005 1 0.0005 0.4456 0.5106
E-temperature 0.0020 1 0.0020 1.82 0.1891
AB 0.0006 1 0.0006 0.5754 0.4552
AC 0.0002 1 0.0002 0.2071 0.6530
AD 0.0001 1 0.0001 0.0921 0.7641
AE 0.0016 1 0.0016 1.47 0.2362
BC 0.0029 1 0.0029 2.68 0.1139
BD 0.0007 1 0.0007 0.6223 0.4376
BE 0.0030 1 0.0030 2.78 0.1076
CD 0.0042 1 0.0042 3.89 0.0598
CE 0.0009 1 0.0009 0.8285 0.3714
DE 0.0000 1 0.0000 0.0230 0.8806
A2 0.0912 1 0.0912 84.00 <0.0001
B2 0.0854 1 0.0854 78.61 <0.0001
C2 0.0675 1 0.0675 62.10 <0.0001
D2 0.3044 1 0.3044 280.19 <0.0001
E2 0.1854 1 0.1854 170.67 <0.0001
residual 0.0272 25 0.0011
lack of fit 0.0242 20 0.0012 2.06 0.2162 not significant
pure error 0.0029 5 0.0006
cor total 0.4753 45
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production of phenolics and flavonoids compounds; therefore,
they show antioxidant activity.39 Also, the presence of active
compounds with antioxidant activity would expand the
application of BS-16 for the isolation of compounds to treat
diseases related to oxidative stress.

The biological activity of ethyl acetate fraction of BS-16 was
standardized using RSM. Previous reports have shown that the
production medium composition and its concentration would
influence the secondary metabolite production. The presence of
glucose, which is an easily metabolizable carbon source, has
repressed the secondary metabolite production. However,
dextrose has been found to increase the production of
compounds with antimicrobial activity. Similar to the carbon
source, the presence of complex nitrogen sources such as malt
extract, yeast extract, and soybean meal due to its slow

decomposition has enhanced the antibiotics production in
Streptomycetes.40 Hence, the presence of yeast extract, malt
extract, and dextrose in the medium has enhanced the
antimicrobial metabolite production in BS-16. Also, the
production was found to be optimum in slightly acidic
conditions at pH 6.5. The isolated strain BS-16 might be
neutrotolerant acidophiles, which had shown growth in neutral
media; however, under acidic conditions or stress conditions at
pH 6.5, enhanced production of antimicrobial compounds was
observed.41

The ethyl acetate fraction of BS-16 was further characterized
by FT-IR and GC−MS analysis. Through FT-IR, it was found
that the phthalate compounds 1,2-benzenedicarboxylic acid,
diisooctyl ester, phthalic anhydride, phthalic acid, and
monoethyl ester were reported for antimicrobial activity.42

Figure 4. Response surface plots are three-dimensional graphical representations of the interacting effects of various selection variables on quantity by
BS-16 against pathogens: (AB) yeast extract and malt extract, (AC) yeast extract and dextrose, (AD) yeast extract and pH, (AE) yeast extract and
temperature, (BC) malt extract and dextrose, (BD) malt extract and pH, (BE) malt extract and temperature, (CD) dextrose and pH, (CE) dextrose
and temperature, and (DE) pH and temperature.
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The closely related compound called dimethyl phthalate was
found to deform the cell membrane and disrupt the membrane
channels to induce antimicrobial activity.43 Similarly, the
presence of these compounds in the BS-16 ethyl acetate extract
could have disrupted the bacterial cell membrane. The
antibacterial and antioxidant activity of n-hexadecanoic acid
has been reported.44 In addition, n-hexadecanoic acid was found
to have anti-inflammatory activity through inhibition of
phospholipase A2 activity.45 Pentadecanoic acid was found in
the ethyl acetate extract of actinomycetes isolated from
mangrove soil, which was found to have an antibacterial effect.46

Also, pentadecanoic acid was reported for antibiofilm activity
against organisms such as Staphylococcus epidermidis, Candida
albicans, and Klebsiella pneumoniae.47,48 Tetradecanoic acid
(myristic acid) changed the bacterial morphology and
membrane structure of food-borne pathogenic microorganism;
Listeria monocytogenes inhibited its growth.49 Myristic acid
mixed system antibacterial activity against S. aureus.50

Altogether, these previous reports show that the presence of
all these compounds in the ethyl acetate fraction of BS-16 would
have synergistically acted to show antioxidant and antibacterial
activity.

5. CONCLUSIONS
A bioprospecting investigation was conducted within the
rhizosphere of bamboo trees collected from the Megamalai
forest in Tamil Nadu, India. Among a group of nine isolated
Actinobacteria, BS-16 was singled out due to its notable
antibacterial attributes. This strain was accurately identified as a
strain of Streptomyces sp. using both 16S rRNA sequencing and
phylogenetic analysis. The active compounds produced through
the fermentation process of BS-16 were effectively extracted and
subjected to characterization by using GC−MS analysis. On the
whole, the BS-16 strain, extracted from the bamboo plant
rhizosphere, displays considerable potential for future explora-

Figure 5. Response surface plots exhibit in three-dimensional views the interaction effects of various variables on the zone of inhibition (mm) resulting
from bioactive compounds being produced by BS-16 against pathogens: (AB) yeast extract and malt extract, (AC) yeast extract and dextrose, (AD)
yeast extract and pH, (AE) yeast extract and temperature, (BC) malt extract and dextrose, (BD) malt extract and pH, (BE) malt extract and
temperature, (CD) dextrose and pH, (CE) dextrose and temperature, and (DE) pH and temperature.
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tion in the extensive production of bioactive substances
possessing antibacterial and antioxidant properties.
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Table 4. Antimicrobial Activity of the Crude Extract BS-16
Against the Bacterial Pathogens

s.
no.

name of the
pathogen

concentration of the compound
(μg/mL)

zone of
inhibition (mm)

1 Staphylococcus
aureus

25 μg 25 ± 0.5

2 Bacillus subtilis 25 μg 10 ± 9
3 Streptococcus

pyogens
25 μg 15 ± 1.2

Figure 6. Minimum inhibitory concentration of actinomycetes isolated from rhizosphere soil against (a) S. aureus, (b) B. subtilis, and (c) S. pyogenes.

Figure 7. Antioxidant DPPH radical scavenging activity of the
compound.
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