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ABSTRACT
Terrestrial actinomycetes have come to antimicrobial production dominantly and have been the focussed area for bioprospecting of novel
secondary metabolites. The secondary metabolites of the fermented culture were prepared by solvent extraction method. In the current
research work, Streptomyces species were completely analysed for antioxidant and antibacterial activities and also the GCMS analysis of the
crude active extract revealed the presence of 12 bioactive compounds, which makes the particular strain as a potent source fo r drug validation
research. The antioxidant activities assessed by four different methods proved that the crude extract could be effective against various kinds of
free radicals. The maximum free radical scavenging activity for Ethyl acetate fraction by DPPH method was found to be 94.84±0.24% at 60
µg/mL concentration and the IC 50 value was 26.91 µg/mL concentration respectively. The maximum ferric reducing ability for Ethyl acetate
fraction was found to be 81.83±0.48% at 120 µg/mL concentration and the RC 50 value was 53.16 µg/mL concentration respectively. The
qualitative screening for active compounds gave positive results for alkaloids, phenols, tannins, terpenoids, steroids. The Streptomyces species
demonstrated antibacterial activities with maximum zone of inhibition as 19 mm against tested bacterial pathogens such as Micrococcus luteus
and Bacillus subtilis.
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INTRODUCTION
The process of drug development from natural products is
based on following two strategies: Assessment of biological
activities of pure compounds (chemically driven method)
and Bioassay-guided process which involves working with
crude extracts (biologically driven method). The important
characteristics of microbial bioactive compounds include
their specific microbial origin, environmental interactions
and unique chemical structures1,2. On a commercial scale,
microbial products can be utilized in several ways such as
direct application of fermentation produce in agriculture,
medicine or any other sector. Products can be used as a
starting material for derivatization process. The obtained
compounds can act as leads in analogues synthesis and
rational drug designing3,4. More than 50,000 microbial
natural products (MNPs) have been obtained and have
played an important role in drug discovery. The majority of
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these have been isolated from terrestrial-borne microbes.
However, after 50 years of intensive screening from
terrestrial-borne microbes, the pace of MNPs’ discovery and
development with a unique scaffold has dramatically
declined over the last two decades5,6.
Natural products have a wide range of diversity of multidimensional chemical structures; in the meantime, the utility
of natural products as biological function modiﬁers has also
won considerable attention. Subsequently, they have been
successfully employed in the discovery of new drugs and
have exerted a far-reaching impact on chemicobiology7,8,9,10.
Natural product compounds (NPCs), especially those mined
from microbes (bacteria and lower eukaryotes) are
established resources for a variety of remedial agents. Such
drugs of microbial origin11,12 have been classiﬁed as:
(i) Original microbial products.
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(ii) Products derived or chemically synthesized from
microbial products.
(iii)
Synthetic products based on microbial product
structures.

transferred to sterile petri plate and was evenly spread, airdried at room temperature for a period of three days with
standard microbiological methods.
Isolation of Terrestrial Actinomycetes

Natural habitats, especially the soil—and plant-associated
environments, are teeming with microbes that produce
bioactive metabolites that shield them against extreme
environmental conditions13. Microbial metabolites are
among the most important chemotherapeutic agents in
oncology. This aspect of microbes was identiﬁed as early as
1940 with the discovery of actinomycin from Streptomyces14.
Among marine bacteria, Actinomycetes are the largest
contributors of novel bioactive secondary metabolites
accounting for 45 % of total microbial metabolites (75 %
from Streptomyces and 25 % from rare Actinomycetes). A
huge variety of antibiotics such as anthracyclines,
aminoglycosides, glycopeptides, beta-lactams, macrolides,
polyketides, actinomycins and tetracyclines have been
isolated from Actinomycetes15.

Pre-treatment process was carried out for the air-dried soil
in order to reduce bacterial population. 0.1% (w/v) Calcium
carbonate was mixed with the soil and agitated gently to
ensure proper mixing. The pre-treated soil was kept
undisturbed for three days and the soil was agitated at
regular intervals of time. The selective medium Starch casein
agar (SCA) was preferred for isolating actinomycetes from
the terrestrial soil. Serial dilution (10-1 to 10-10), followed by
spread plate method was performed for the isolation
process. The medium was supplemented with nystatin to
prevent bacterial and fungal contamination. The inoculated
plates were incubated at room temperature for seven to
twelve days27. The selected actinomycetial colonies were
purified by streak plate (quadrant) method and stored at 40C
on starch casein agar slants for further investigation.

Actinomycetes are prokaryotes with prostate mycelium
grow on the substrate, and those with aerial mycelium grow
above the vegetative growth. Gram-positive bacteria with
their DNA high in guanine-plus-cytosine content (69–73 mol
%)16,17,18. Streptomyces, a well-explored genus of Grampositive bacteria, is included in the phylum Actinobacteria.
Currently it is reported that there are more than 2,400
different secondary metabolites produced by Streptomyces
sp.18. Oxygen, while indisputably essential for life, can also
participate in the destruction of tissue and/or impair its
ability to function normally19,20,21,22. Oxygen-free radicals
(OFR), or more generally, reactive oxygen species (ROS) are
products of normal cellular metabolism. Free radicals can be
deﬁned as molecules or molecular fragments containing one
or more unpaired electrons in atomic or molecular
orbitals23. This unpaired electron(s) usually gives a
considerable degree of reactivity to the free radical. Radicals
derived from oxygen represent the most important class of
radical species generated in living systems24. Molecular
oxygen (dioxygen) has a unique electronic conﬁguration and
is itself a radical. In the ground state, it is a biradical with
two parallel unpaired electrons in antibonding π∗ orbitals
thus forming a triplet state molecule25.

Preliminary Characterization of selected isolates

The vitamins C and E are thought to protect the body against
the destructive effects of free radicals. Antioxidants
neutralize free radicals by donating one of their own
electrons, ending the electron-"stealing" reaction. The
antioxidant nutrients themselves don’t become free radicals
by donating an electron because they are stable in either
form. They act as scavengers, helping to prevent cell and
tissue damage that could lead to cellular damage and
disease. Vitamin E – The most abundant fat-soluble
antioxidant in the body. It is one of the most efficient chainbreaking antioxidants available, is the primary defender
against oxidation, and is the primary defender against lipid
per oxidation (creation of unstable molecules containing
more oxygen than is usual). Vitamin C – The most abundant
water-soluble antioxidant in the body. It acts primarily in
cellular fluid. It combats free-radical formation caused by
pollution and cigarette smoke. Also helps return vitamin E to
its active form26.

Colony Morphology
Colony morphology of the purified actinomycetial isolates on
SCA medium were recorded with respect to colour of aerial
spore mass, size and nature of the colonies, colour on the
reverse side and diffusiblepigmentation28.
Extraction of secondary metabolites and compound
recovery
The selected isolate based on morphology, growth, etc. were
inoculated in Yeast malt extract broth (or) International
Streptomyces Project (ISP-2) medium aseptically. The
inoculated broth was subjected to fermentation process at
room temperature (370C) for ten days at 150 rpm resulting
in complete growth of the selected isolate. The fermented
broth was filtered through sterile whatman No.1 filter paper,
and the culture filtrate was centrifuged at 8,500 rpm for 20
min. Equal volume of mid polar solvent ethyl acetate was
added along with the supernatant in 1:1 ratio. The
supernatant-solvent combination was kept in rotary shaker
undisturbed overnight. The organic solvent phase was
separated and evaporated to dryness29 and the crude extract
were dissolved in specific solvents and further evaluated for
antioxidant and antibacterial studies.
In vitro Antioxidant activities of Ethyl acetate fraction of
Streptomyces KAV 2
DPPH˙ radical scavenging activity
The antioxidant activity of Ethyl acetate fraction of
Streptomyces KAV 2 was measured on the basis of stable 1,
1- diphenyl 2-picrylhydrazyl (DPPH) radical scavenging
activity30. One mL of 0.1 mM DPPH solution in methanol was
mixed with 1 mL of various concentrations (10-60 μg/mL) of
Ethyl acetate fraction. The mixture was then allowed to
stand for 30 min incubation in dark. Ascorbic acid was used
as the standard reference. One mL methanol and 1 mL DPPH
solution was used as the control. The decrease in absorbance
was measured at 517 nm using UV-vis spectrophotometer.
The percentage of DPPH˙ radical inhibition was calculated
as:

MATERIALS AND METHODS
Sample Collection
The soil sample was collected from the rhizosphere regions
of Piper betle, Velachery, Chennai, Tamilnadu in sterile
plastic bags during July 2017. The collected soil sample were
ISSN: 2250-1177
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Superoxide (O2.-) radical scavenging activity

used as the standard reference. The percentage of Fe3+
reduction was calculated as:

The superoxide (O2.-) radical scavenging activity of Ethyl
acetate fraction of Streptomyces KAV 2 was measured on the
basis of superoxide radical inhibition31. Various
concentrations (10-60 µg/mL) of Ethyl acetate fraction were
mixed with 50 mM phosphate buffer (pH-7.6). The mixtures
were combined with 200 µL of 1.5 mM Riboflavin, 200 µL of
12 mM EDTA followed by 100 µL of 50 mM NBT. The
reaction was started by illuminating the test tubes in UVlamp for 15 min. The superoxide (O2.-) radical reduces NBT
to a blue colored formazon can be measured at 590 nm using
UV-vis spectrophotometer. Ascorbic acid was used as the
standard reference. The percentage of superoxide (O2.-)
radical inhibition was calculated as:

Qualitative analysis of bioactive compounds
Qualitative analysis for the Ethyl acetate fraction of
Streptomyces KAV 2 was performed in order to find out the
classes or nature of antimicrobial compounds group35 such
as phenols, alkaloids, terpenoids, steroids, flavonoids, etc..
Quantitative analysis - Determination of total phenols
and flavonoids
Total phenolic content

ABTS●+ radical

cation scavenging activity

The antioxidant capacity was estimated in terms of the
ABTS●+ radical cation scavenging activity following the
procedure32. ABTS●+ was obtained by reacting 7 mM ABTS
stock solution with 2.45 mM potassium persulfate and the
mixture was left to stand in the dark at room temperature
for 12-16 h before use. The ABTS●+ solution (stable for 2
days) was diluted with distilled water to reach an
absorbance of 0.70±0.02 at 734 nm. Various concentrations
(2-12 µg/mL) of Ethyl acetate fraction of Streptomyces KAV 2
was mixed with 500 μL of diluted ABTS ●+ solution and the
absorbance was measured at 734 nm after 10 min using UVvis spectrophotometer. Ascorbic acid was used as the
standard reference. The percentage of ABTS●+ radical cation
inhibition was calculated as:

Phosphomolybdenum reduction activity
The antioxidant capacity of Ethyl acetate fraction of
Streptomyces KAV 2 was assessed by the method33. The Ethyl
acetate fraction with different concentrations ranging from
20-120 μg/mL was combined with 1 mL of reagent solution
containing ammonium molybdate (4 mM), sodium
phosphate (28 mM) and sulphuric acid (600 mM). The
reaction mixture was incubated in water bath at 95 oC for 90
min. The absorbance of the coloured complex was measured
at 695 nm using UV-vis spectrophotometer. Ascorbic acid
was used as the standard reference. The percentage of Mo6+
reduction was calculated as:

Total flavonoids content
The total flavonoid content of Ethyl acetate fraction of
Streptomyces KAV 2 was determined using aluminium
chloride reagent method with slight modifications37. Five
hundred μL of Ethyl acetate fraction was mixed with 500 μL
of methanol and 0.5 mL of 5% (w/v) sodium nitrite solution.
Then, 0.5 mL of 10% (w/v) aluminium chloride solution was
added and incubated for 5 min at room temperature
followed by 100 µL of 1 M NaOH solution was added.
Absorbance was measured at 510 nm using UV-vis
spectrophotometer. The total flavonoid content was
expressed in terms of quercetin equivalent (µg/mg of
extract), which is a common reference compound.
Thin layer chromatographic analysis
The Ethyl acetate fraction of Streptomyces KAV 2 were
spotted on the baseline of the silica gel plates (stationary
phase) at 1 cm and then allowed to dry at room temperature.
The plates were placed in TLC chamber pre-saturated with
the mobile phase as Toluene: Ethyl acetate: Methanol
(solvent) in the ratio 1:0.8:0.2. The chromatogram was
developed and visualized under UV light and in the iodine
chamber, and then the spots were marked38. The Rf values
were calculated.

Antibacterial activity for the Ethyl acetate fraction of
Streptomyces KAV 2 by Agar Disc diffusion method

Ferric (Fe 3+) reducing power activity
The reducing power of Ethyl acetate fraction of Streptomyces
KAV 2 was determined by slightly modified method34. One
mL of Ethyl acetate fraction in different concentrations (20120 µg/mL) was mixed with 1 mL of potassium ferricyanide
[K3Fe(CN)6] (1%, w/v) solution and 1 mL of 0.2 M phosphate
buffer (pH 6.6) solution. The mixture was then incubated at
50oC for 30 min in water bath. Five hundred µL of
trichloroacetic acid (10% w/v) was added to each mixture.
Then 100 µL of freshly prepared Ferric chloride (0.1%, w/v)
solution was added and the absorbance was measured at
700 nm using UV-vis spectrophotometer. Ascorbic acid was
ISSN: 2250-1177

Folin-Ciocalteau reagent method was used to determine the
total phenolic compounds with slight modifications36. One
hundred µL of Ethyl acetate fraction of Streptomyces KAV 2
was mixed with 900 µL of methanol and 1 mL of Folin
Ciocalteau reagent (1:10 diluted with distilled water). After
5 min, 1 mL of 20% (w/v) Na2CO3 solution was added. The
mixture was then allowed to stand for 30 min incubation in
dark at room temperature. The absorbance was measured at
765 nm using UV-vis spectrophotometer. The total phenolic
content was expressed in terms of gallic acid equivalent
(µg/mg of extract), which is a common reference compound.

[28]

Mueller Hinton agar was prepared and poured in the sterile
petri dishes and allowed to solidify. 24 hours grown
bacterial pathogens such as S.aureus, M.luteus, B.subtilis,
S.flexneri, E.coli and P.vulgaris were swabbed on Mueller
Hinton agar plates39. Sterile discs were placed over the
surface of agar plates. Three concentrations (200 µg, 250 µg
and 300 µg) of Ethyl acetate fraction of Streptomyces KAV 2
were loaded in the sterile disc respectively. Dimethyl
sulphoxide was used as solvent control and Azithromycin
was preferred as positive control. Azithromycin belongs to
the class of drugs known as macrolide antibiotics. The plates
CODEN (USA): JDDTAO
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were then incubated at 37ºC for 24 hours and after
incubation the inhibition diameter was measured using zone
scale.

substrate mycelium could be observed developing within 48
hours (Table 1). The appearance of colonies between 2nd to
4th days seems to be like a typical bacterial colony. This is
because of the formation of substrate and aerial mycelia but
no sporulation. Confirmation of an actinomycetal colony can
be done by observing the leathery texture of the colony
(Figure 1 and 2). The colonies are tightly held on the agar
surface like a plant on the soil surface.

Gas chromatography–Mass
analysis

Spectrometry

(GC–MS)

For GC-MS analysis, the Ethyl acetate fraction of
Streptomyces KAV 2 were injected into a HP-5 column (30 m
X 0.25 mm i.d with 0.25 μm film thickness), Agilent
technologies 6890 N JEOL GC Mate II GC-MS model.
Following chromatographic conditions were used: Helium as
carrier gas, flow rate of 1 mL/min; and the injector was
operated at 200°C and column oven temperature was
programmed as 50-250°C at a rate of 10°C/min injection
mode. Following MS conditions were used: ionization
voltage of 70 eV; ion source temperature of 250°C; interface
temperature of 250°C; mass range of 50-600 mass units40.
Identification of components
The database of National Institute Standard and Technology
(NIST) having more than 62,000 patterns was used for the
interpretation on mass spectrum of GC-MS. The mass
spectrum of the unknown component was compared with
the spectrum of the known components stored in the NIST
library.

Table 1: Observation of actinomycetes colonies on Starch
casein agar plates
GROWTH
OBSERVATION
Dilution
10-2
DAY 1
10-4
10-6
10-8
10-2
DAY 4
10-4
10-6
10-8

Piper betle rhizosphere soil
Number of Colonies
18
0
2
1
22
2
8
1

Statistical analysis
All the experiments were conducted in triplicates and data
given in tables were average of three replicates. All data
were reported as the mean ± standard deviation of three
replicates.

RESULTS AND DISCUSSION
Actinomycetes grew not before 4 days of incubation at 28°C
and once isolated, they grew fast as pure cultures. The

Figure.1: Colonies observation on Starch casein agar plates

Figure.2: Actinomycetal isolates by sub-culturing method
Colony Morphology-Aerial spore mass appearance and
Pigmentation
The collection of isolates was diverse with respect to growth
pattern, aerial and substrate hyphae, colony margin and
pigments. The isolates produced a range of aerial mycelium
and substrate mycelium such as grey, sandal, white, peach,

ISSN: 2250-1177
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pale yellow and brown. The colonies as texture were
powdery, smoothy, chalky in nature and the colony margin
appeared to be webbed colonies and depression on top of
colony (Table 2). Majority of the isolated strains produced
the earthy odour of Geosmin, which is an predominant
antibiotic produced by Streptomyces group.
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Table 2: Characteristic features of actinomycetal isolates
S.No

Isolate

1
2

VS 01
VS 02

Aerial
mycelium
Grey
Green

3
4
5
6
7
8
9
10
11
12

VS 03
KAV 2
OS 01
OS 02
OS 03
013
012
MS 10-2
MS 10-7
MS 04

Grey
Dark grey
Whitish grey
Whitish grey
White
Sandal
White
White
Grey
Peach

Substrate
mycelium
Peachish green
Yellowish
green
Dark grey
Peach
Peachish green
Dark green
Peach
Brown
Pale yellow
Pale yellow
Light brown
Brown

The bioactive compound was dissolved completely in mid
polar solvent, ethyl acetate followed by re-dissolving it in
methanol to evaluate antioxidant and antibacterial ability.
An antibiotic identiﬁcation can be achieved based on its
antimicrobial spectrum, ionic character and behaviour on
chromatographic plates. According to the description given
in Bergey’s Manual of Systemic Bacteriology, the selected
actinomycete strain belongs to Streptomyces group.
In vitro Antioxidant activities of Ethyl acetate fraction of
Streptomyces KAV 2
DPPH˙ radical scavenging activity
DPPH is one of the few stable and commercially available
organic nitrogen radicals. Substances which are able to
perform this reaction can be considered as antioxidants and
therefore radical scavengers. The ability of Ethyl acetate
fraction of Streptomyces KAV 2 to scavenge free radicals
formed was assessed using 1,1-diphenyl-2-picrylhydrazyl
radical (DPPH). The Ethyl acetate fraction of Streptomyces
KAV 2 demonstrated high capacity for scavenging free
radicals by reducing the stable DPPH (1,1-diphenyl-2- picryl
hydrazyl) radical to the yellow coloured 1,1-diphenyl-2picrylhydrazine and the reducing capacity increased with
increasing concentration of the bioactive compounds41. The
maximum DPPH˙ radical scavenging activity of Ethyl acetate
fraction of Streptomyces KAV 2 was 94.84±0.24% at 60
µg/mL concentration (Table 3). The IC50 value for Ethyl
acetate fraction of Streptomyces KAV 2 was found to be 26.91
μg/mL concentration (Graph 1) and was compared with
standard (Ascorbic acid, IC50 = 11.18 µg/mL concentration).

Texture,
Colony Margin
Chalky, Depression on top of colony
Smoothy, Dew drops on top of colony

Diffusible
pigmentation
Peach
Peach

Chalky, Webbed colonies
Powdery, Dew drops on top of colony
Powdery, Depression on top of colony
Chalky, Depression on top of colony
Chalky, Depression on top of colony
Chalky, Depression on top of colony
Chalky, Webbed
Powdery, Webbed colonies
Chalky, Webbed colonies
Chalky, Depression on top of colony

Peach
Peach
Sandal
Sandal
Creamy sandal
Creamy sandal
Light brown
Nil
Light sandal
Sandal

Superoxide (O2.-) radical scavenging activity
Superoxide is biologically quite toxic and is deployed by the
immune system to kill invading microorganisms. It is an
oxygen-centred radical with selective reactivity. It also
produced by a number of enzyme systems in transfers that
univalently reduce molecular oxygen. The biological toxicity
of superoxide is due to its capacity to inactivate iron–sulfur
cluster containing enzymes, which are critical in a wide
variety of metabolic pathways, thereby liberating free iron in
the cell, which can undergo Fenton chemistry and generate
the highly reactive hydroxyl radical. It can also reduce
certain iron complex such as cytochrome c.
Superoxide anion is also very harmful to cellular
components and their effects can be magnified because it
produces other kinds of free radicals and oxidizing agents.
Flavonoids are effective antioxidants, mainly because they
scavenge superoxide anions. Superoxide anions derived
from dissolved oxygen by the riboflavin-light-NBT system
will reduce NBT in this system. In this method, superoxide
anion reduces the yellow dye (NBT 2+) to blue formazan,
which is measured at 590 nm in UV-Vis spectrophotometer.
Antioxidants are able to inhibit the blue NBT formation and
the decrease of absorbance with antioxidants indicates the
consumption of superoxide anion in the reaction mixture 42.
The maximum superoxide (O2.-) radical scavenging activity
of Ethyl acetate fraction of Streptomyces KAV 2 was
62.88±0.42% at 60 µg/mL concentration. (Table 3 and
Graph 1) and the IC50 value for the Ethyl acetate fraction of
Streptomyces KAV 2 was found to be 41.72 µg/mL
concentration. It was compared with the standard of
ascorbic acid (IC50 = 12.39 μg/mL concentration).

Table 3: DPPH˙ radical and Superoxide (O2.-) radical scavenging activities of
Ethyl acetate fraction of Streptomyces KAV 2
S.No

Concentration
(µg/mL)
1
10
2
20
3
30
4
40
5
50
6
60
7
IC50 value
(*Average value of triplicates)

ISSN: 2250-1177

Percentage of radical scavenging activity*
DPPH˙ radical
Superoxide (O2.-) radical
28.96±0.45
18.54±0.32
35.95±0.50
29.48±0.43
55.73±0.28
36.19±0.28
60.24±0.53
47.93±0.31
84.13±0.49
54.26±0.37
94.84±0.24
62.88±0.42
26.91 µg/mL
41.72 µg/mL

[30]
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quenches the hydrogen atom43. The maximum ABTS•+ radical
cation scavenging activity of Ethyl acetate fraction of
Streptomyces KAV 2 was 82.46±0.45% at 12 µg/mL
concentration (Table 4) and the IC50 value for the Ethyl
acetate fraction of Streptomyces KAV 2 was found to be as
4.25 µg/mL concentration, which was compared with
standard ascorbic acid (IC50 = 3.84 μg/mL concentration)
(Graph 2).

Percentage of inhibition

100
90
80
70
60
50
40
20

DPPH˙ radical
Superoxide (O2. ) radical

10
0
0

10

20

30

40

50

60

Concentration (µg/mL)

Graph 1: DPPH˙radical and Superoxide (O2.-) radical
scavenging activities of Ethyl acetate fraction of
Streptomyces KAV 2

70
60
50
40
30
ABTS●+ radical cation

0

Table 4: ABTS●+ radical cation scavenging activity of
Ethyl acetate fraction of Streptomyces KAV 2

1
2
3
4
5
6
7

80

10

The ABTS method uses ABTS radicals performed by
oxidation of ABTS with potassium persulphate and this
method becomes time consuming in terms of waiting for the
ABTS radicals to be generated as it takes around 12-16
hours for the reaction of ABTS with potassium persulphate.
ABTS•+ is a blue chromophore produced by the reaction
between ABTS and potassium persulfate and ABTS •+ radical
cation gets reduced in the presence of active compounds and
the remaining radical cation concentration was then
quantified at 734 nm. It can be prepared using K 2S2O8 as an
oxidant. The blue-green colour of ABTS solution is formed by
the loss of an electron by the nitrogen atom of ABTS (2, 2azinobis (3ethylbenzothiazolin-6-sulfonic acid)).

Concentration
(µg/mL)

90

20

ABTS●+ radical cation scavenging activity

S.No

Percentage of inhibition

30

Percentage of
inhibition*
ABTS●+ radical cation

2
34.60±0.40
4
46.96±0.27
6
55.06±0.13
8
67.06±0.35
10
74.70±0.10
12
82.46±0.45
IC50 value
4.25 µg/mL
(*Average value of triplicates)

The decolourization of the solution takes place in the
presence of hydrogen donating antioxidant (nitrogen atom

0

2

4

6

8

10

Graph 2: ABTS●+ radical cation scavenging activity of Ethyl
acetate fraction of Streptomyces KAV 2
Phosphomolybdenum reduction activity
The total antioxidant activity of Ethyl acetate fraction of
Streptomyces KAV 2 was measured spectrophotometrically
by phosphomolybdenum reduction method, which is based
on the reduction of Mo (VI) to Mo (V) by the formation of
green phosphate/Mo (V) complex at acidic pH, with a
maximum absorption at 695 nm 44. The maximum
phosphomolybdenum reduction of Ethyl acetate fraction of
Streptomyces KAV 2 was 89.53±0.55% at 120 µg/mL
concentration with the RC50 of 32.08 µg/mL concentration
(Table 5 and Graph 3). It was compared with the standard
ascorbic acid (RC50 = 9.69 µg/mL).
Ferric (Fe 3+) reducing power activity
Fe (III) reduction is often used as an indicator of electron
donating activity, which is an important mechanism of
phenolic antioxidant action. The reducing ability of a
compound generally depends on the presence of reductones
(antioxidants), which exert the antioxidant activity by
stopping the free radical chain by hydrogen atom
donation45,46. The antioxidant molecules present in the ethyl
acetate fraction of Streptomyces KAV 2 caused the reduction
of Fe3+/ ferricyanide complex to the ferrous form and thus
proved the reducing power ability.

Table 5: Phosphomolybdenum reduction and Fe3+ reduction activities of
S.No
1
2
3
4
5
6
7

ISSN: 2250-1177

Ethyl acetate fraction of Streptomyces KAV 2
Concentration
Percentage of reduction*
(µg/mL)
6+
Mo reduction
Fe3+ reduction
20
12.36±0.41
12.83±0.50
40
62.33±0.45
20.60±0.17
60
82.06±0.40
56.43±0.28
80
86.56±0.32
58.9±0.40
100
88.96±0.45
78.76±0.10
120
89.53±0.55
81.83±0.48
RC50 value
32.08 µg/mL
53.16 µg/mL
(*Average value of triplicates)
[31]

12

Concentration (µg/mL)
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Phenolic structures often have the potential to strongly
interact with proteins, due to their hydrophobic benzenoid
rings and hydrogen-bonding potential of the phenolic
hydroxyl groups. This allows phenolic compounds the ability
to act as antioxidants also by virtue of their capacity to
inhibit some enzymes involved in radical generation, such as
various cytochrome P450 isoforms, lipoxygenases,
cyclooxygenase and xanthine oxidase55,56.

100
90
80
70
60
50
40
30
20
10
0

Mo6+ reduction
Fe3+ reduction
0

20

40

60

80

100

120

Concentration (µg/mL)

Graph 3: Phosphomolybdenum reduction and Fe3+
reduction activities of Ethyl acetate fraction of Streptomyces
KAV 2
The reducing power of Fe3+ to Fe2+ by Ethyl acetate fraction
of Streptomyces KAV 2 was studied and showed reduction
ability in a dose dependent manner 47. The maximum
reduction of Ethyl acetate fraction of Streptomyces KAV 2
was 81.83±0.48% at 120 µg/mL concentration (Table 5 and
Graph 3). The RC50 value for Ethyl acetate fraction of
Streptomyces KAV 2 was found to be 53.16 µg/mL
concentration and was compared with the standard (22.50
μg/mL concentration) Ascorbic acid.
Qualitative analysis of bioactive compounds
Qualitative screening was detected to study the nature of the
compound resulting in various reactions. Various tests such
as lead acetate test for tannins, Salkowski test for
terpenoids, Liebermann-Burchard test for steroids (Table 6)
gave positive results for the Ethyl acetate fraction of
Streptomyces KAV 2.
Table 6: Qualitative analysis of Ethyl acetate fraction of
Streptomyces KAV 2
S.No
1

2
3
4
5
6
7
8
9

Test name
Alkaloids
(a)Hager’s test
(b)Wagner’s test
Phenols
Flavonoids
Tannins
Saponins
Terpenoids
Glycosides
Carbohydrates
Steroids

Table 7: Determination of total phenols and flavonoids
content of Ethyl acetate fraction of Streptomyces KAV 2
S.No

Biochemical Parameters

Amount (µg/mg)*

1

Phenols

707.07±0.14 GAE

2

Flavonoids

43.05±0.15 QE

(*Average value of 3 replicates)
Thin layer chromatographic analysis
Thin layer chromatography analysis was carried out for the
Ethyl acetate fraction in the solvent system of Toluene: Ethyl
acetate: Methanol (Figure 3) in the ratio 1:0.8:0.2.

Results
+++
+++
+++
+++
+++
--+++
--+++
+++

Figure.3: Thin layer chromatography of Ethyl acetate
fraction of Streptomyces KAV 2

Determination of total phenols and flavonoids
Phenolic hydroxyl groups are good hydrogen donors:
hydrogen-donating antioxidants can react with reactive
oxygen and reactive nitrogen species in a termination
reaction, which breaks the generation cycle of new radicals.
Following interaction with the initial reactive species, a
radical form of the antioxidant is produced, having a much
greater chemical stability than the initial radical48-54. The
interaction of the hydroxyl groups of phenolics with the electrons of the benzene ring gives the molecules special
properties, most notably the ability to generate free radicals
where the radical is stabilized by delocalization. The
formation of these relatively long-lived radicals is able to
modify radical-mediated oxidation processes55.
ISSN: 2250-1177

Flavonoids possess many biological properties such as antiinflammatory, oestrogenic, enzyme inhibition, antimicrobial,
antiallergic, vascular and cytotoxic antitumour activity57.
Antioxidant activity of flavonoids is also responsible for
other biological activities in which the oxidative stress
prevention is beneficial. For example, the anticancer activity
of some compounds is due to their ability to scavenge free
radicals, thus avoiding the early stages of cancer promotion.
Besides this mechanism, flavonoids have also been reported
to act as anticancer agents via regulation of signal
transduction pathways of cell growth and proliferation,
oncogenes suppression and tumor formation, induction of
apoptosis, modulation of enzyme activity related to
detoxification, oxidation and reduction, stimulation of the
immune system and DNA repair, and regulation of hormone
metabolism58,59(Table 7).

[32]

Analytical TLC plays active role in the detection and
monitoring of compounds through separation process.
Effective visualization or detection is crucial to obtain pure
compounds. Ultraviolet exposure, spray detection with
various reagents and exposure to Iodine vapour are the
three common methods for detection of bioactive compound
on TLC plate. The use of iodine as vapour enables the
detection of separated substances rapidly and economically
before final characterization with a group specific reagent.
Where lipophilic zones are present on a silica gel layer, the
iodine molecules will concentrate in the substance zones
giving chromatographic zones in brown colour on a yellow
background60.
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Antibacterial activity for the Ethyl acetate fraction of
Streptomyces KAV 2 by Agar Disc diffusion method

composed of glycosylated cyclic or polycyclic non-ribosomal
peptides. Glycopeptides bind to the dipeptide D-alanyl--Dalanine (D-Ala-D-Ala) within the cell wall of Gram-positive
bacteria preventing the addition of new units to the
peptidoglycan and inhibiting the peptidoglycan synthesis61.

Antibiotics essentially target structures or functions of
bacteria, such as cell wall biosynthesis, translation, RNA
transcription, DNA replication, etc. Actinomycetes are

Table 8: Antibacterial activity of Ethyl acetate fraction of Streptomyces KAV 2
by agar disc diffusion method
S.No

Test pathogens

Zone of inhibition (mm)
Standard (30 µg/mL)

200 µg/mL

250 µg/mL

300 µg/mL

1

S.aureus

18

---

13

18

2

M.luteus

15

Below 10

16

19

3

B.subtilis

27

11

12

19

4

S.flexneri

26

Below 10

10.5

14

5

E.coli

15.5

---

14

18

6

P.vulgaris

26

Below 10

Below 10

14

Figure.4: Antibacterial activity of Ethyl acetate fraction of Streptomyces KAV 2 by agar disc diffusion method
The antibacterial activity for Ethyl acetate fraction of
Streptomyces KAV 2 was performed against selected gram
positive (Staphylococcus aureus, Micrococcus luteus, Bacillus
subtilis) and gram negative (Shigella flexneri, Escherichia coli,
Proteus vulgaris) bacterial pathogens. The maximum
inhibitory effect was observed as 19 mm against Micrococcus
luteus and Bacillus subtilis (Table 8) and the minimum
inhibitory effect was observed as 14 mm against Shigella
flexneri and Proteus vulgaris (Figure 4). Azithromycin inhibit
protein synthesis and they impair the elongation cycle of the
peptidyl chain by specifically binding to the 50 S subunit of
the ribosome. Phospholipoidal cell membranes having a
consequence of increasing the permeability process as well
as loss of cellular constituents, enzymatic damage are
involved in the cellular energy production of cellular energy,
structural components synthesis and genetic material
inactivation.
ISSN: 2250-1177

[33]

Gas chromatography–Mass
analysis

Spectrometry

(GC–MS)

GC-MS is an analytical technique used for many applications
which has very high sensitivity and specificity. In recent
years GC-MS studies have been increasingly applied for the
analysis of biomolecules as this technique has proved to be a
valuable method for the analysis of nonpolar components
and volatile essential oil, fatty acids, lipids and alkaloids.
GCMS analysis plays a vital role as an analytical technique
for quality control and standardization of bioactive
molecules (Table 9 and Graph 4). The active principles with
their Retention time (RT), Molecular formula and Molecular
weight (MW) were recorded along with therapeutic
applications62,63,64(Table 10).

CODEN (USA): JDDTAO

Keerthana et al

Journal of Drug Delivery & Therapeutics. 2019; 9(4-A):26-37

Table 9: Gas chromatography–Mass Spectrometry of Ethyl acetate fraction of Streptomyces KAV 2
S.NO

COMPOUND NAME

RT

1

3-Cyclohexen-1ol,4-methyl-1-(1methylethyl)-

2

MOLECULAR
WEIGHT

MOLECULAR
FORMULA
(g/mol)

13.9

154

C10H18O

1-Penten-3-one,1(2,6,6-trimethyl-1cyclohexen-1-yl)-

14.87

206.78

C14H22O

3

Flavone

15.95

222

C15H10O2

4

n-Hexadecanoic
acid
10-Octadecenoic
acid, methyl ester

16.6

255.86

C16H32O2

17.52

295.91

C19H36O2

5

COMPOUND STRUCTURE

6

Octadecanoic acid,
methyl ester

17.73

297.84

C19H38O2

7

Octadecanoic acid

18.38

283.86

C18H36O2

8

1,3,5-Triazine,2chloro-4-(4morpholyl)-6phenoxy-

19.27

175.57

C5H6ClN3O2

9

Oleic acid

18.18

282

C18H34O2

340.47

C23H32O2

326.50

C21H42O2

300

C15H12N2O3S

10

11
12

Phenol,2,6-bis(1,1dimethylethyl)-4[(4-hydroxy-3,5dimethylphenyl)met
hyl]Isopropyl stearate
Coumarine, 3-[2-(1methyl-2imidazolylthio)-1oxoethyl]-
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23.32

21.5
20.15

[34]
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Graph 4: Gas chromatogram of Ethyl acetate fraction of Streptomyces KAV 2
Table 10: Pharmacological activity of Ethyl acetate fraction of Streptomyces KAV 2
S.No

Compound Name and Structure
Flavone

1

2

n-Hexadecanoic acid

3

Oleic acid

4

Phenol, 2,4-bis(1,1-dimethylethyl)-

5

Isopropyl stearate

6

Coumarine, 3-[2-(1-methyl-2-imidazolylthio)-1-oxoethyl]-

ISSN: 2250-1177

Pharmacological activity65-70
Production of Reactive Oxygen Species (ROS) can be
reduced by flavonoids.
Relevance of plant defense mode of action is highly
possible by flavonoids.
Formation of oxygen radicals can be prevented by
flavonoids thereby inhibiting the enzyme activity.
Antioxidant activity
Nematicide
Pesticide
Lubricant
Antiandrogenic activity
Flavor
Hemolytic agent
5 alpha reductase inhibitor
Hypocholestrolemic activity
Perfumery and flavour
Cancer preventing agent
Anti-inflammatory activity
Antibacterial activity
Antimicrobial activity
Antioxidant activity
Antimalarial activity
Immuno-modulatory effect
An emollient, skin conditioning agent, binder and
humectant activities.

[35]

High Protein edema
Chronic Infections
Cancer treatment
Blood Coagulation and Anticoagulant
Inflammation
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CONCLUSION
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Natural product research is highly focussed on the interplay
of various disciplines of natural sciences. Particularly,
microbiology for the isolation of new secondary metabolite
producers, molecular biology for the characterisation of the
biosynthetic machinery and analytical chemistry for
naturally derived products identiﬁcation and isolated form
for the basis of the characterisation of new compounds from
actinobacteria. The research describes the isolation of
terrestrial actinomycete species that are potent candidates
for future unique drug development. Concerning with
microbial natural products the effective secondary
metabolites production shall be improved by precision
engineering.
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