
Production of Bioactive Compounds by Solid State Fermentation from
Actinomycetes of Andaman Sediments

Radhakrishnan, M., K. Deeparani and R. Balagurunathan*

ABSTRACT
Marine actinomycetes are the major but less exploited source of high value metabolites
especially antibiotics. In this present study actinomycetes were isolated from sediment sample
collected from Andaman and Nicobar islands. Total of 20 morphologically different
actinomycetes were selected and screened for antibacterial activity against Staphylococcus
aureus, Bacillus subtilis, Escherichia coli, Salmonella typhi and Mycobacterium smegmatis by
cross streak method. In this, 70 % of the strains showed antibacterial activity. Based on the
results of cross streak study, strain ANS2 was selected as potential strain and used for further
study. Bioactive compound from strain ANS2 was produced by using submerged and solid
state fermentation (Smf and SSF) using distilled water and 50% sea water. High quantity
(161 mg/10gm of wheat bran) and activity (16-24 mm of inhibition zone) of crude ethyl acetate
compound was observed in solid state fermentation with wheat bran medium supplemented
with 50% sea water. About four times increase in yield was attained in SSF when compared
with submerged fermentation. Based on the studied phenotypic characteristics, with the help
of ACTINOBASE database, strain ANS2 was tentatively identified as Streptomyces purpureus
(ANS2). Further studies like fermentation optimization, antibiotic purification, structure
elucidation and toxicity studies is in progress to prove the true potential of S. purpureus
(ANS2) isolated in this present study.

Introduction:

Bacteria belonging to the order
actinomycetales, commonly referred to as
actinomycetes, are highly valued for their
unparalleled ability to produce biologically active
secondary metabolites. The immense biotechnological
utility of actinomycetes has led to exhaustive surveys
of cultivars from terrestrial habitats and an
associated increase in the number of known
compounds being rediscovered due to a high rate of
redundancy in the strains isolated (Mincer et al.,
2005). In recent years, marine microorganisms have
become important in the study of novel microbial
bioproducts exhibiting antimicrobial, antiviral,
antitumor as well as anticoagulant and cardioactive
properties ((Kokare et al., 2004). Given recent
advances in our understanding of marine
actinomycetes, strains isolated from the marine
environment represent a relatively unexplored
frontier for the discovery of new actinomycete
biodiversity and a resource for novel secondary
metabolites. With this view, the present investigation
was initiated to isolate antagonistic actinomycetes
from marine sediments of Andaman and Nicobar
Islands, a less exploited ecosystem for actinomycetes,
for their commercial exploitation.

Materials and Methods:
Sample collection and Pretreatment:

Marine sediment sample was collected from in
Andaman and Nicobar Islands in sterile polyethylene
bags. The collected sediment samples were air dried
at room temperature for a week. 1 gram of sample
was taken and was kept at 55° C for 6 minutes for
the prevention of growth of unwanted bacteria and
fungi (Cross, 1982). 

Isolation of actinomycetes:

Actinomycetes from the collected sediment
sample were isolated by adopting the standard
procedures.1 gm of sample was serially diluted using
50% aged sea water. 0.1 ml of aliquot from diluted
suspension was taken and spreaded on starch casein
agar medium supplemented with cycloheximide (20
mcg/ml) and nalidixic acid (100 mcg/ml). Plating was
done in triplicate and all the plates were incubated
at 28° C for the period of one month. Colonies with
powdery consistency on starch casein agar plates
were selected and sub cultured on ISP2 slants.
Subcultures have also been maintained on 30 %
glycerol broth (Vikineswari et al., 1997;
Balagurunathan and Subramanian, 1994).

Antibacterial activity of actinomycetes 

The selected actinomycete strains were
screened for their antibacterial activity by cross
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streak method against 5 clinical bacterial pathogens
viz., Staphylococcus aureus, Bacillus subtilis,
Escherichia coli, Salmonella typhi and Mycobacterium
smegmatis. Modified nutrient glucose agar medium
was prepared and used for cross streak study. All the
bacterial pathogens were obtained from CMC Vellore
and M. smegmatis from Tuberculosis Research
Centre, Chennai (Kokare et al., 2004).

Selection of potential actinomycete strains:

Based on the results of antibiotic activity, one
potential actinomycete strain (ANS2) was selected for
further investigation.

Production of bioactive compound from ANS
2 by submerged fermentation:

Crude bioactive compound from antagonistic
actinomycete strain was produced by adopting shake
flask fermentation method using soybean meal
medium. After fermentation, the fermentation broth
and mycelium was separated by centrifugation at
10,000 rpm for 30 minutes. To extract the extra
cellular compounds, culture filtrate was extracted by
liquid-liquid extraction method by using ethyl acetate.
To extract the intracellular compounds, mycelium
was mixed with methanol and few glass beads were
added in to the mycelia - methanol mixture. The
whole content was kept in a shaker for 1 hour to
facilitate the liberation of intracellular compounds.
Both the ethyl acetate and methanol extracts were
concentrated by evaporation. Antibacterial activity of
crude extracts were studies by disc diffusion method
using sterile filter paper disc (5mm in dm)
impregnated with 0.25 mg crude bioactive
compounds. The zone of inhibition was measured
after 24 hours of incubation. Weight of the crude
ethyl acetate and methanol extract was also
measured (Sambamurthy and Ellaiah, 1974;
Balagurunathan and Subramanian, 1993; Vikineswari
et al., 1997).

Production of bioactive compound by solid
state fermentation:

Actinomycete inoculum was prepared by
inoculating spores of ANS2 strain on yeast extract
malt extract broth and incubated at {28° C for 48
hours in rotary shaker. In this present study, solid
state fermentation was carried out in 250 ml conical
flask. There are four different substrates viz., wheat
bran, rice bran, white oats and sugarcane molasses
were used for the production of bioactive compounds.
10 gram of each substrate was moisturized with 7 ml
of distilled water. The substrates were autoclaved at
121° C for 30 minutes. After cooling 5 ml of ANS2

inoculum was added in to each flask and the contents
were thoroughly mixed by using sterile L – rod. All
the flasks were incubated at 28° C for 10 days
(Ellaiah et al., 2004). 

All the four fermented substrates were mixed
with ethyl acetate and crushed by using pestle and
mortar. The solid substrate and ethyl acetate mixture
was separated by filtration. The crude bioactive
compound from ethyl acetate was concentrated by
evaporation. Weight of the crude bioactive compound
was also measured. The antibacterial activity of crude
bioactive compound was studied by the method as
described earlier. The quantity and activity of crude
bioactive compound produced by solid state
fermentation was compared with the quantity and
activity of crude compound produced by submerged
fermentation (Ellaiah et al., 2004). 

Effect of seawater on the production of
bioactive compound by solid state
fermentation:

To confirm the marine nature of ANS2 and to
test the effect of sea water on the production of
bioactive compound, both the submerged and solid
state fermentation was carried out by using 50% sea
water (Ellaiah et al., 2004). The incubation conditions
and the procedures for separation, extraction and
activity of crude compound were as described earlier.

Enzymatic activity of strain ANS2:

ANS2 strain was also screened for the
enzymatic activities such as protease4, amylase and
lipase by using casein agar, starch agar and tween
80 agar respectively. ANS2 strain was spotted on all
the 3 agar plates and incubated at 28° C for 5-7 days.
The result for enzymatic activity is based on the zone
of clearance (Rajenkar et al., 2002).

Characterization and identification of Strain
ANS2:

The potential actinomycete strain ANS2 was
identified based on their phenotypic characters.
Micromorphology, cultural and physiological and
carbon utilization characters of strain ANS2 was
studied by methods described by Shirling and
Gottileb (1966). Based on the results of studied
phenotypic characteristics strain ANS2 was identified
with the help of Nonomura keys (1974) and
ACTINOBASE database (Ugawa et al., 1989).
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Results:
Isolation and antibacterial activity of
actinomycete strains:

Starch casein agar plates showed actinomycete
colonies of different morphology. Total of 20
morphologically different colonies were selected and
sub cultured on ISP2 medium. In cross streak method
totally 14 actinomycete strains showed antibacterial
activity against the clinical bacterial isolates to be
tested (Table- 1). Especially strain ANS2 showed
predominant activity against all the 5 bacterial
pathogens tested. Based on the results of preliminary
screening, strain ANS2 was selected for further
investigation.

Production of bioactive compounds by
submerged fermentation:

During submerged fermentation, the color of
the fermentation medium was changed from dirty
white to yellowish brown. At the end of 5th day of
fermentation the pH of the medium was raised to
8.2. The wet weight of the mycelium was estimated
as 8 gm/ 100 ml of medium. Both the ethyl acetate

and methanol extracts were brown in color. Quantity
of ethyl acetate and methanol extract was estimated
as 47mg/100ml and 15 mg/8 gm of mycelium,
respectively.

Production of bioactive compounds by solid
state fermentation:

At the end of fermentation, the wheat bran and
rice bran medium showed good growth with white
spores. The color of the medium was changed from
yellowish brown to dark brown. Quantity of crude
ethyl acetate extract produced from all the four solid
substrate media was given in table – 2

Effect of sea water on bioactive compound
production and activity

The quantity of crude ethyl acetate extract and
methanol extract was estimated as 78 mg/100 ml and
14 mg /100 ml of soybean meal medium prepared in
50% sea water. Maximum quantity of crude ethyl
acetate extract (161 mg/10 gm) was obtained in wheat
bran medium supplemented with 50 % sea water
(table-2) 

Table-1: Antibacterial activity of actinomycetes isolated from Andaman and Nicobar marine
sediments

Strain No
Bacterial pathogens

S. aureus B. subtilis E.coli S.typhi M.smegmatis
ANS1 − + − − −
ANS2 ++ + ++ ++ +
ANS3 − + − − −
ANS4 + − + − +
ANS5 + − + + −
ANS6 − − + + −
ANS7 − − − − − 
ANS8 − + ++ − −
ANS9 ++ − + + +
ANS10 + − − − −
ANS11 + − − − −
ANS12 − + + − −
ANS13 − ++ ++ + −
ANS14 − − − − − 
ANS15 − − − − − 
ANS16 + + + + − 
ANS17 − − − − − 
ANS18 + + ++ + −
ANS19 + + − − +
ANS20 − − − + +

94 Indian Journal of Applied Microbiology Vol. 6 No. 1



Antibacterial activity of crude bioactive
compounds produced by submerged and solid
state fermentation:

The antibacterial activity of crude bioactive
compound produced by submerged fermentation and
solid state fermentation was given in the table -3 and
4. The methanol extract does not showed activity
against any of the tested bacterial pathogens. The
ethyl acetate extract obtained by using soybean meal
medium (Smf) and wheat bran medium (SSF)
prepared in 50% sea water showed better activity
(figure – 1). 

Enzymatic activity

The strain ANS2 showed good protease and
lipase activity. A clear zone (27 mm) and opaque zone
(22 mm) was observed on the casein and tween 80
agar plates, respectively. 

Characterization and identification of strain
ANS2

Microscopic (figure – 2) and cultural
characteristics of strain ANS2 was given in table 5.
Physiological and carbon utilization characteristics
were given in table 6 and 7. Based on the studied
phenotypic characteristics, with the help of
Actinobase database, strain ANS2 was tentatively
identified as Streptomyces purpureus.

Discussion and Conclusion:

The importance of marine actinomycetes for
the discovery of novel natural products with a
pharmaceutical potential have been proved during the
last decade and was highlightened in various

Figure – 1: Antibacterial activity of crude ethyl acetate
extract produced by submerged and solid fermentation

using 50% sea water
Figure 2: Micromorphology of Streptomyces purpureus

(Strain ANS2) (400 magnification)

Table – 2: Quantity of bioactive compound produced from solid state fermentation (per 10 gm
of substrate)

Substrate
Medium prepared in

Distilled water 50% sea water
Wheat bran 100 mg 161 mg
Rice bran 41 mg 120 mg
White oats 40 mg 127 mg

Sugarcane molasses 24 mg 22 mg

Table – 3: Antibacterial activity of crude extracts produced by submerged fermentation
(inhibition zone in mm)

Test pathogens
Medium in distilled water Medium in 50 % sea water

EA M EA M
S. aureus 14 − 18 −
B. subtilis 15 − 18 −

E. coli 10 − 17 −
S. typhi 13 − 15 −

M. smegmatis 11 − 14 −

EA – ethyl acetate extract; M – Methanol extract
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excellent review articles (Fiedler et al., 2005). When
screening normal soil actinomycetes, high proportion
of rediscovery of the same antibiotics is the major
problem to scientific researchers. So, all over the
world, scientific community is searching
microorganisms from extreme habitats like ocean, hot
springs, deserts and mountain soils. With this
scientific background, in the present investigation,
actinomycetes were isolated from marine sediments
of Andaman Nicobar islands, a less exploited virgin
ecosystem for actinomycetes.

There are two procedures were adopted for the
selective isolation of actinomycetes. This includes the
pretreatment of sediment samples and using the
isolation medium supplemented with two different
antibiotics such as cycloheximide and nalidixic acid.
Starch casein agar plates showed increased number
of actinomycetes and there is no bacterial and fungal
colonies were observed. This result revealed that
pretreatment methods reviewed by Cross (1982) and

starch casein agar with above two antibiotics may be
successfully applied to marine sediments to facilitate
the isolation of actinomycetes. The pretreatment
techniques to marine sediments would also facilitate
the isolation of interesting species with special
biosynthetic capabilities.

Of the 20 actinomycete strains tested for
antibacterial activity, 14 strains (70%) showed
activity against the tested bacterial pathogens.
Especially the strain ANS2 showed prominent
activity against all the gram positive and gram
negative bacteria tested. The marine actinomycete
strains acting on both gram positive and gram
negative were less in number when compared to
those active against gram positive bacteria alone
(Okazaki and Okami, 1972). But, in this present
study most of the strains showed activity against
gram positive and gram negative bacteria. This
showed that the existence of large number of

Table – 4: antibacterial activity of crude ethyl acetate extract produced by solid state
fermentation (inhibition zone in mm)

Test pathogens
Medium with distilled water Medium with 50 % sea water

WB RB WO SM WB RB WO SM
S. aureus 11 8 − 7 22 10 − 9
B. subtilis 11 7 − 7 19 9 − 10

E. coli 14 10 7 − 24 11 9 −
S. typhi 10 8 − − 21 19 − 7

M. smegmatis 8 7 − 8 16 9 7 10

WB – Wheat Bran; RB - Rice Bran; WO – White Oats; SM – Sugarcane Molasses

Table – 5: Microscopic and cultural characteristics of strain ANS2

Characteristics Result 

Micromorphology

Aerial mycelium +
Substrate mycelium +
Spore chain Spiral

Spore surface Smooth (SM)

Cultural morphology

ISP1 (Tyrosine yeast extract agar) Poor

ISP2 (Yeast extract malt extract agar) Good

ISP3 (Oat meal agar) Good

ISP4 (Inorganic salt starch agar) Good

ISP5 (Glycerol asparagine agar) Good

ISP6 (Peptone yeast extract agar) Poor

ISP7 (Tyrosine agar) Poor
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antagonistic actinomycetes in marine sediments of
Andaman and Nicobar Islands. 

Based on the antagonistic activity in cross
streak method, strain ANS2 was selected for
production of bioactive compounds. Solid state
fermentation (SSF) has been known for centuries and
used successfully for the production of oriented foods.
More recently several reports on SSF have been
published in the recent years on the production of
fine chemicals, antibiotics and immunosuppressant,
etc., (Robinson et al., 2001; Murali Krishna et al.,
2003; Ellaiah et al., 2004;). In this present study,
higher quantity of crude bioactive compound was
produced from ANS2 strain while cultivating on
Wheat bran medium (With 50% sea water) as a
substrate. In the present study about 4 times increase
in the yield of the crude extract is attained in SSF in
compare with submerged fermentation. This revealed
that the wheat bran medium supplemented with 50 %
sea water was proved effective for the production of
bioactive compound from the strain ANS2 in higher
quantity with low investment cost. 

In both submerged and solid state
fermentation, the quantity and activity of crude
bioactive compound was higher in medium prepared
with 50% sea water. This revealed that the marine
origin of the strain ANS2 since it showed better
growth in sea water contained media.

In disc diffusion method, the bioactive
compound produced from the strain ANS2 by solid
state fermentation exhibits remarkable activity (16-22
mm inhibition zone) against the tested gram positive
and gram negative bacteria. Due to its broad
spectrum activity of this compound and the extreme
origin of the producing strain ANS2, further
characterization of this compound will give a line for
the discovery of lead compounds.

In characterization studies, the strain ANS2
showed the ability of this strain to grow at different
cultural media and also at wide range of physiological
conditions. So it is possible to cultivate the strain on
any substrate and at wide range of physiological
conditions for the production of bioactive compounds.
Based on the phenotypic characters of the strain
ANS2 and with the help of ACTINOBASE, the strain
is identified as Strepomyces griseorubiginosus (ANS2).
The detailed Molecular biological studies on this
strain including 16S rRNA analysis are needed for
further strain level identification. 

Marine actinomycetes are the less exploited
and richest source of bioactive secondary metabolites.
The present study concluded that, further
investigation on the bioactive compound produced
from the Streptomyces griseorubiginosus (Strain

Table – 6: Physiological characteristics of
strain ANS2

Characteristics Growth 

NaCl tolerance (%)

0 −
0.5 +
1 +

1.5 ++
2 ++
3 +++
5 ++

7.5 ++
10 −

12.5 −
15 −

pH tolerance
5 +
7 ++
9 ++
11 +

Temperature tolerance (° C)
4 −
20 +
28 ++
37 ++ 
45 +

+++ − Good growth; ++− Moderate; +− Poor; − − No
growth

Table – 7: Carbon utilization characteristics
of strain ANS2

Carbon source Growth 

Arabinose +
Xylose +++
Inositol +

Mannitol ++
Fructose +

Rhamnose +
Sucrose ++

Raffinose −
Cellulose ++
Glucose ++

1- Ethyl acetate extract produced by Smf 

2- Ethyl acetate extract produced by SSF
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ANS2) will definitely give a line for the discovery of
bioactive metabolites by adopting Solid State
fermentation (SSF). This suggested for future work
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