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The development of novel antibiotics with desirable properties from naturally available organisms is an
on-going process in the field of microbial biotechnology. Mangroves are not extensively exploited for the
isolation and screening of antimicrobial agents of the genus Streptomyces. The emergence of multidrug-
resistant pathogens necessitates continuous search for novel antimicrobial agents. Also, searching of
novel strains from pristine environments is an important approach for obtaining novel bioactive mole-
cules. Streptomyces sp. AS4 was isolated from the mangroves. Antibiotic production was performed using
substrates such as, apple pomace, pine apple peel, orange peel, rice bran, wheat bran, green gram husk,
banana peel, pomegranate peel and black gram husk in solid state fermentation. Antibacterial activity
was performed using Gram positive bacterial pathogen. The nutrient sources (carbon, nitrogen and
ion) were optimized initially by one-variable-at-a-time approach and two level full factorial designs. In
this study 129 actinomycetes were isolated from the mangroves. The isolates were assessed for their
antibacterial activity. Among these isolates, Streptomyces sp. AS4 showed very strong antibacterial activ-
ity. Among these substrates, wheat bran showed enhanced production of antibiotics (209 U/g), whereas
pomegranate peel supported very less quantity of antibiotics production (43 U/g) in a two level full fac-
torial design. The process parameters were screened using traditional methods and statistical approach.
Among the tested factors, moisture, yeast extract and CaCl2 significantly influenced the antibiotics pro-
duction. Central composite design and response surface methodology enhanced antibiotics production
by Streptomyces sp. AS4 by 10 fold than non-optimized medium. Streptomyces sp. AS4, a mangrove isolate
showed hyper production of antibiotics. The strain AS4 utilized various agro-wastes including wheat bran
for antibiotics production. Wheat bran proved to be a potent solid substrate for the production of antibi-
otics in an industrial scale. The actinomycetes strain, Streptomyces sp. AS4 and its antibiotics may have
great application against various drug resistant organisms.
� 2019 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Streptomyces spp. have been the important source of almost all
types of bioactive secondary metabolites that have significant uses
like anti-cancer and anti-viral compounds and in agriculture as
insecticide, antiparasitic and herbicidal compounds (Watve et al.,
2001; Al-Dhabi et al., 2016, 2019a,b,c,d,e). Hence, isolation and
screening of promising new strains of potent actinomycetes with
novel antibiotics is an interesting and continuous process
(Hacene et al., 1998; Forar et al., 2006; Al-Dhabi et al., 2018a,b,
2014; Arasu et al., 2017, 2013a,b, 2019). About 70% of potent
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antimicrobial agents are synthesized by actinomycetes groups and
Streptomyces account to more than 80% of the all the antimicrobials
in the world. Streptomyces species are potential sources of new sec-
ondary metabolites that have various potentialities like immuno-
suppressive, anticancer and antimicrobial activities (Rajeswari
et al., 2015; Arasu et al., 2013a,b, 2015; Arokiyaraj et al., 2015;
Balachandran et al., 2015). These Streptomyces spp. are frequently
explored for various antibacterial and antifungal drug discoveries.
Hence, novel antimicrobials may act through unique mechanisms
that could treat various diseases and disorders (Wu et al., 2009;
Yu et al., 2011; Arokiyaraj et al., 2015; Balachandran et al., 2015;
Rajkumaria et al., 2019; Valsalam et al., 2019a,b). The production
of novel secondary metabolites by Streptomyces spp. is mainly
based on species, culture conditions and nutritional factors in the
fermentation medium (Durante-Mangoni et al., 2009). The antibi-
otics such as, neomycin, streptomycin, tobramycin and paro-
momycin comes under Aminoglycosides group. These are
produced by Micromonospora spp. or Streptomyces spp.
(Takahashi and Igarashi, 2018). Aminoglycosides show potential
antimicrobial activity against various pathogenic microorganisms,
including Gram-negative and Gram-positive bacteria, protozoa
and mycobacteria. These aminoglycosides are highly stable and
have potential synergistic activity with other commercially avail-
able antibiotics (Thakur et al., 2009). However, the synthesis of sec-
ondary metabolites (antibiotics) by Streptomyces spp. varies widely
based on culture conditions. The production of antibiotics can be
lost completely or can be increased if the fermentation conditions
or media compositions changed (Ibrahim and Elkhidir, 2011). In
antibiotics production, both the environmental factors such as,
temperature, pH, fermentation period and culture medium compo-
sition significantly influence the process. To enhance and achieve
maximum production of antibiotic by the potent actinomycetes,
it is very important to optimize the environmental conditions
and nutritional factors. Optimization of culture medium by statis-
tical approach using response surface methodology (RSM) is
mainly used to minimize the process (Poulikakos and Falagas,
2013). Also, this helps to prepare biomolecules in commercial scale
using low cost substrates and to use the suitable environmental
conditions to improve the production of antibiotics. Aminoglyco-
sides are important choice, however it is not in use for the past
30 years because of their toxicity. However, these drugs have the
potential application against multiple drug resistant pathogens
(Nicasio et al., 2008; Wang et al., 2017). In recent years, there is
an increase in drug resistance against currently available various
antimicrobial agents, including, cephalosporins, carbapenems, flu-
oroquinolones, penicillins, and aminoglycoside, hence synergistic
property of these drugs may be useful to treat various diseases
(Navarrete-Bolanos et al., 2017). Minor alterations in the composi-
tion of media significantly influence the quality and quantity of
secondary metabolite production along with overall metabolic
homeostasis of the organisms. The optimization of medium com-
ponents is highly complicated because any substance that supports
microbial growth can be considered as a novel substrate (Feng
et al., 2011; Kong et al., 2014; Kavitha et al., 2016; Bruntner
et al., 2005).
2. Materials and methods

2.1. Isolation of actinomycetes for the production of secondary
metabolites

In this study, soil sediments were collected from mangrove for-
ests using a spatula in the labelled aseptic containers and asepti-
cally closed. Further, the collected sample was transported to the
laboratory covered with ice cubes to maintain the temperature
about 2–8 �C. All samples were initially serially diluted by standard
method and actinomycetes were isolated using spread plate
method. Actinomycetes isolation agar has been used for the isola-
tion of actinomycetes. The culture media was supplemented with
gentamycin sulphate (25 mg/ml) and nystatin (50 mg/ml) to mini-
mize bacterial and fungal contamination, respectively. All plates
were incubated from 14 to 28 days. Further, the culture was puri-
fied by continuous streaking method on starch agar plates.

2.2. Screening of actinomycetes for secondary metabolites production

The selected 129 actinomycetes isolates were inoculated into
Erlenmeyer flask (250 mL) containing (g/L) peptone-4, yeast
extract-8 and starch-20. Inoculum was prepared separately for all
129 isolates and incubated for 14 days at 28 ± 2 �C using an orbital
shaker. After two weeks, secondary metabolites were analysed by
disc diffusion method. For initial screening, B. subtilis was used as
an indicator organism. From the 129 actinomycetes strain one acti-
nomycete was selected for secondary screening. The selected acti-
nomycete, AS4 showed potent activity against B. subtilis. It was
cultured in liquid medium for 14 days as described earlier and after
incubation, the antimicrobial agents were extracted with solvents
such as, ethyl acetate, methanol, ethanol, acetone and hexane. Fur-
ther, the applied solvent was completely evaporated and antimi-
crobial activity was carried out using Kirby-Bauer method (Rao
et al., 2012). All fractions were loaded on a sterile disc (6 mm),
air dried and placed on bacterial culture plates. To the control
plate, only solvent was loaded on a sterile disc (6 mm) and dried.
Then the diameter of zone of inhibition was indirectly considered
as antibiotic titre as suggested (Maxwell et al., 1994). One antibi-
otic unit was defined as the amount of solvent extract required
to give 1.0 mm annular clearing around a sterile disc under stan-
dard experimental condition.

2.3. Identification of actinomycetes

The potent antimicrobials producing actinomycetes strain was
grown on starch casein agar medium and the isolate was identified
based on pigment production, morphological characters, aerial
hyphae and morphology of spores. The selected strain was grown
on starch casein agar medium for 14 days. Then, genomic DNA
was isolated according to the manufactures instructions (Merck,
Bangalore, India). Finally, the amplified partial 16S rRNA gene
was sequenced and has been submitted to Genbank.

2.4. Substrates

The substrates such as, apple pomace, pine apple peel, orange
peel, rice bran, wheat bran, green gram husk, banana peel, pome-
granate peel and black gram husk were collected. All substrates
were either air dried for two weeks or dried in an oven at 60 �C
for eight hours. The residue was passed through standard mesh
size (30 mesh sieve).

2.5. Production of antimicrobial agents by solid state fermentation
(SSF)

Streptomyces sp. AS4 was cultured in SSF with various sub-
strates. 5% (v/w) inoculum was introduced throughout the experi-
ments and the culture was incubated for eight days at 28 �C. The
strain AS4 was grown in an Erlenmeyer flasks containing 10 g solid
substrate (apple pomace, pine apple peel, orange peel, rice bran,
wheat bran, green gram husk, banana peel, pomegranate peel
and black gram husk). Sodium phosphate buffer (0.1 M, pH 7.2)
has been used to adjust the moisture content of the solid substrate
at 70% level. The solid substrate was sterilized for 30 min at 121 �C
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to eliminate spores, if any with the solid biomass. After 8 days of
incubation, the fermented medium was extracted with 100 mL
phosphate buffer. The Erlenmeyer flask was kept on a rotary shaker
for 30 min at 150 rpm. Finally, the crude antibiotic was separated
by centrifugation (5000g, 10 min) and ethyl acetate was added
(double volume) with the sample and used as crude extract after
complete evaporation.

2.6. Initial screening of variables by one-variable-at-a-time approach

Wheat bran was used as the substrate until otherwise stated.
10 g wheat bran was weighed and introduced into all 100 mL
Erlenmeyer flasks. To evaluate the effect of carbon sources, various
carbon sources such as sucrose, glucose, starch, maltose, trehalose
and xylose were added at 1% (w/w) level. The nitrogen sources
such as, ammonium sulphate, beef extract, peptone, yeast extract
and casein were added at 1% (w/w) to screen nitrogen sources.
To analyze the mineral sources, the divalent ions such as, Mg2+,
Ca2+, Fe2+, Mn2+, Co2+, Cu2+ were added with the substrate sepa-
rately at 0.1% level (w/w). The moisture content of the solid sub-
strate (wheat bran) was adjusted to 65% level and sterilized for
30 min as described previously. About 5% inoculum was intro-
duced and incubated for 8 days at 28 ± 2 �C. After 8 days antibiotics
extraction and assay was performed as described earlier.

2.7. Screening of variables by statistical approach

Statistical method has been used frequently to screen the opti-
mum factors influencing antibiotics production. In this study, the
factors such as, initial moisture content (50%–90%) and pH of the
culture medium (6–9), carbon source (sucrose, glucose, starch,
maltose, trehalose and xylose), nitrogen source (ammonium sul-
phate, beef extract, peptone, yeast extract and casein) and ionic
sources (Mg2+, Ca2+, Mn2+, Co2+, Fe2+, Cu2+) were screened. The
selected factors were analyzed at two different levels (low (�)
and high (+). A statistical approach was deployed (two level full
factorial experimental design) to identify the important factors
influencing antibiotics production. Three experimental runs were
performed and an average value was taken as response Y.

3. Central composite design (CCD) and response surface
methodology

The CCD has been frequently used to optimize the concentra-
tions of the variables in order to enhance the production of antibi-
otics. The selected factors were analyzed at five different levels
(�a, �1, 0, +1 and +a). Design expert 10.0.6.2 was used to analyze
the variables at five different levels, for the selected three variables
(moisture, yeast extract and glucose) 20 experimental trials has
been performed. These 20 trials include, six centre points, six axial
points and eight factorial points. 10 g of wheat bran was weighed
and transferred in 100-mL Erlenmeyer flask, and the designed
amount of yeast extract and CaCl2 was added. The pH of the culture
medium was fixed as optimum level. The culture medium was
mixed carefully and sterilized for 30 min. All flasks were inoculated
and SSF was performed as described earlier. After which, antibi-
otics production was assayed in triplicate analysis. The mean value
of the response Y (antibiotics production) was obtained.

4. Results and discussion

4.1. Screening of Streptomyces sp. AS4 for antibiotics production

In this study, 129 Actinomycetes strains were isolated from
three stations in mangroves in South West Coast of India. A total
of 99, 20 and 10 actinomycetes were obtained in station I, II and
III, respectively. The isolated actinomycetes showed various shape
and colour. These isolates showed diverse in response to texture.
To screen antimicrobial activity, B. subtilis was selected as an indi-
cator organism. The cell free extract was used for antimicrobial
activity analysis. Among 129 Actinomycetes, 84% of the strains
showed antibacterial properties. Among these, Streptomyces sp.
AS4 showed better antibacterial activity; hence this strain was
selected for maximum production of antibacterial substances. Acti-
nomycetes were isolated based on their morphological characters
such as, different shape, varying size and variation in colouration.
The colour of aerial mycelium was white, melanoid pigment – neg-
ative, reverse side pigment – negative, soluble pigment – negative
and spore chain – rectiflexibiles. Based on morphological charac-
ters, this actinomycete was tentatively identified as Streptomyces
sp. Further, it was characterized by various experiments. Results
revealed that the selected isolate was able to grow between pH
6.0 and 8.5, between 20 and 40 �C. However, optimum pH was
found to be 7.0 and 30� was optimum for the growth of the actino-
mycete. The isolated Streptomyces sp. was oxidase-positive,
catalase-positive and chitinase-positive, and was able to hydrolyze
starch. Based on 16S rRNA gene sequencing, the lead molecule pro-
ducing Streptomyceswas identified as Streptomyces sp. AS4. Actino-
mycetes, mainly from the genus Streptomyces has been isolated
from various aquatic environments showed antimicrobial activity
against varieties of drug resistant bacteria (Sengupta et al., 2015).
Due to limited availability of antibacterial drugs in clinical applica-
tions and development of multiple drug resistance, there is an
urgent need for development of novel lead molecules with limited
side effects. The potential antibacterial activity of actinomycetes
from the genus Streptomyces strains is well known. However, very
limited studies are performed on actinomycetes from mangrove
ecosystem which are very rich in actinomycetes biodiversity.
Hence, searching of novel antibiotics from the mangrove environ-
ment is an important objective of this study. Limited information
is available on isolation of Streptomyces sp. from the mangrove
soils. In a study, recently isolated nine actinomycetes from man-
groves are proven to be excellent candidates for the production
of antibiotics (Malek et al., 2014). It was also reported that man-
grove environments are becoming very important sources for
Streptomyces sp. for the production of lead molecules due to their
adaption towards varying tidal gradients and varying salinity
(Mahalaxmi et al., 2010).

4.2. Production of antibiotics by solid state fermentation

In the present study antibiotics were produced using Strepto-
myces sp. AS4 in solid state fermentation using apple pomace, pine
apple peel, orange peel, rice bran, wheat bran, green gram husk,
banana peel, pomegranate peel and black gram husk. Among these
substrates, using wheat bran showed to have enhanced production
of antibiotics (209 U/g), whereas pomegranate peel showed very
less quantity of antibiotics production (43 U/g). The other sub-
strates showed antibiotics production between 63 and 187 U/g
substrate. SSF has various advantages than submerged fermenta-
tion, and SSF provides natural environment to actinomycetes than
submerged fermentation. Solid substrates play significant role in
the production of various antibiotics (Ellaiah et al., 2004; Liu
et al., 2009). In this study antibiotics yield produced by Strepto-
myces sp. AS4 was higher than previous reports about Streptomyces
marinensis for the production of antibiotics in solid state fermenta-
tion. Substrates such as concentrated mineral and raspberry seed
powder have been used to enhance the production of neomycin.
In an industrial point of view, to reduce the production of lead
molecules, various agro-residues were screened for antibiotics pro-
duction (Darakchieva et al., 1987; Hanrahan and Lu, 2006).



Fig. 1b. Effect of nitrogen source (1%) for the production of antibiotics using
Streptomyces sp. AS4 in SSF.
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4.3. Influence of nutrients on antibiotics production-preliminary
analysis

To optimize the nutritional factors, various nutrient sources
were added to wheat bran separately (Figs. 1a–c). Among the car-
bon sources, glucose enhanced the production of antibiotics in SSF
(267 U/g). The effect of nitrogen sources on antibiotics production
was analyzed using ammonium sulphate, beef extract, peptone,
yeast extract and casein that were added at 1% (w/w). The addition
of yeast extract (249 U/g), ammonium sulphate (240 U/g) and beef
extract (220 U/g) significantly influenced the antibiotics produc-
tion. The effects of supplementation with various minerals were
evaluated at 0.1% level and were found to have potentil impact
on antibiotics production. Supplementation of copper sulphate
(278 U/g dry wheat bran) and ferric chloride (269 U/g substrate)
showed the maximum production of antibiotics after 8 days of
incubation. Our findings confirmed the influence of various nutri-
ent factors on the production of antibiotics by Streptomyces sp.
AS4. Glucose emerged as an efficient carbon source on antibiotics
production. This result was similar with the results of antibiotics
production by S. hygroscopicus and S. griseus in solid state fermen-
tation (Zhou et al., 2015; Gesheva et al., 2005; Berdy, 1989). It was
previously reported that various metal ions, including, iron, zinc,
manganese, critically affect the growth of bacteria and stimulate
or suppress the production of antibiotics (Bevan et al., 1995;
Hanrahan and Lu, 2006). Additionally, iron also positively influ-
enced the production of antibiotics based on the concentration in
the culture medium (Zhou et al., 2015).
Fig. 1c. Effect of ionic source (1%) for the production of antibiotics using
Streptomyces sp. AS4 in SSF.
4.4. Screening of variables by statistical approach

A two-level full factorial design was employed for the designing
and analysis of experimental data. Five variables were selected
based on preliminary experiments comprising 32 experimental
runs analysing five variables at two different levels (low and high
or + and �). The selected independent factors examined and their
levels, interactions were described in Table 1. The results in Table 1
show variations of antibiotics yield from 81 to 1452 U/g dry wheat
bran of antibiotics production. This broad change in the yield
reflects the account of culture medium optimization in SSF to
accomplish enhanced production. The analysis of the results from
the two-level full factorial design experiments reflects the interac-
tion between tested variables. The F value of the designed model
was 32.03 and the p value was <0.0001. The factors such as pH, glu-
cose, yeast extract and CaCl2 positively influenced on the produc-
tion of antibiotics. Among all these tested factors, glucose
influenced more antibiotics production. Screening of variables
using factorial experimental design has various advantages than
Fig. 1a. Effect of carbon source (1%) for the production of antibiotics using
Streptomyces sp. AS4 in SSF.
traditional method and has been previously analysed (Wang
et al., 2017). Factorial design helps to identify the variables by
studying the interactive effects between variables simultaneously.
Recently, Statistical approach to screen the independent variables
to enhance the production of secondary metabolites from Micro-
monospora Y15was done in an effective manner (Wang et al.,
2016) (Table 2).

Antibiotic activity = +452.81 + 59.25B + 84.44C + 63.81D + 22.
13E � 38.25AB + 24.19AC � 30.56AD � 29.87BC + 92.31CD � 36.
87CE � 35DE � 31.94ACD + 60.37ACE + 25.87ADE + 45BCD � 55.
19BCE- 135.56BDE � 65.63ABCD + 70.69ABCE + 25.94ABDE + 32.
62ACDE � 93.94BCDE � 26.81ABCDE
4.5. Optimization of antibiotics by central composite design and
response surface methodology

The CCD experiment was not only employed to analyse the
interactions among the important three selected variables (yeast
extract, glucose and pH) but also to find their optimum levels.
The experimental results listed in Table 3 were analysed using
multiple regressions. Antibiotic activity was found to be maximum
at run 9 (2159 U/g substrate). In order to evaluate the maximum
antibacterial activity corresponding to the optimum levels of
0.835% yeast extract, 70% moisture and 0.55% glucose. The
second-order polynomial model was proposed to evaluate the
optimum levels of these selected variables. The second-order poly-
nomial model for antibacterial activity was shown in the following
equation:

Antibiotics = +1941.07 + 46.78A + 258.27B + 368.57C + 216.25
AB � 276.50AC + 2.25BC � 552.59A2 � 366.27B2 � 251.72C2



Fig. 2a-f. 2D contour plot and 3D surface plots explaining the individual and interactive effects of factors on the antimicrobial activity of Streptomyces sp. AS4.
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The R2 of this designed CCD model was 0.9085 and the adjusted
R2 was 0.8261(Table 4). In this study, the adjusted determination
coefficient (R2) confirmed the importance of statistical design,
exhibiting minor experimental error and a fit regression equation
(Wang et al., 2016; Wang and Liu, 2008). The saddle or elliptical
nature of contour plot showed the significance of the good interac-
tions between the respective variables. Fig. 2a–c shows the contour
plot and 3D response surface plot for the antibacterial activity gen-
erated by the predicted CCD model. It could be evident from Fig. 2
(a-f), the high antibacterial activity of 2159 U/g could be observed
at 70% moisture, 0.835%yeast extract and 0.55% glucose. According
to the model equation, we predicted that a maximum antibacterial



Table 1
Two-level full factorial experimental design for the production of antibiotics by Streptomyces AS4.

Run A:Moisture B:pH C:Glucose D:Yeast extract E:CaCl2 Antibiotic activity
% % % % U/g

1 90.00 9.00 1.00 1.00 0.10 455
2 60.00 9.00 1.00 1.00 0.10 349
3 90.00 6.00 1.00 1.00 0.10 1001
4 60.00 6.00 1.00 1.00 0.10 698
5 90.00 9.00 0.10 1.00 0.10 351
6 60.00 9.00 0.10 1.00 0.10 501
7 90.00 6.00 0.10 1.00 0.10 276
8 60.00 6.00 0.10 1.00 0.10 399
9 90.00 9.00 1.00 0.10 0.10 801
10 60.00 9.00 1.00 0.10 0.10 359
11 90.00 6.00 1.00 0.10 0.10 258
12 60.00 6.00 1.00 0.10 0.10 259
13 90.00 9.00 0.10 0.10 0.10 432
14 60.00 9.00 0.10 0.10 0.10 980
15 90.00 6.00 0.10 0.10 0.10 399
16 60.00 6.00 0.10 0.10 0.10 81
17 90.00 9.00 1.00 1.00 0.01 784
18 60.00 9.00 1.00 1.00 0.01 1452
19 90.00 6.00 1.00 1.00 0.01 439
20 60.00 6.00 1.00 1.00 0.01 369
21 90.00 9.00 0.10 1.00 0.01 412
22 60.00 9.00 0.10 1.00 0.01 241
23 90.00 6.00 0.10 1.00 0.01 288
24 60.00 6.00 0.10 1.00 0.01 251
25 90.00 9.00 1.00 0.10 0.01 231
26 60.00 9.00 1.00 0.10 0.01 102
27 90.00 6.00 1.00 0.10 0.01 640
28 60.00 6.00 1.00 0.10 0.01 399
29 90.00 9.00 0.10 0.10 0.01 442
30 60.00 9.00 0.10 0.10 0.01 301
31 90.00 6.00 0.10 0.10 0.01 271
32 60.00 6.00 0.10 0.10 0.01 269

Table 2
ANOVA result for the production of antibiotics in solid state fermentation by Streptomyces sp. AS4.

Source Sum of Squares df Mean Square F-value p-value

Model 2.546E + 06 23 1.107E + 05 32.03 <0.0001
B-pH 1.123E + 05 1 1.123E + 05 32.51 0.0005
C-Glucose 2.282E + 05 1 2.282E + 05 66.02 <0.0001
D-Yeast extract 1.303E + 05 1 1.303E + 05 37.71 0.0003
E-CaCl2 15664.50 1 15664.50 4.53 0.0659
AB 46818.00 1 46818.00 13.55 0.0062
AC 18721.13 1 18721.13 5.42 0.0483
AD 29890.13 1 29890.13 8.65 0.0187
BC 28560.50 1 28560.50 8.26 0.0207
CD 2.727E + 05 1 2.727E + 05 78.91 <0.0001
CE 43512.50 1 43512.50 12.59 0.0075
DE 39200.00 1 39200.00 11.34 0.0098
ACD 32640.13 1 32640.13 9.45 0.0153
ACE 1.166E + 05 1 1.166E + 05 33.75 0.0004
ADE 21424.50 1 21424.50 6.20 0.0375
BCD 64800.00 1 64800.00 18.75 0.0025
BCE 97461.13 1 97461.13 28.20 0.0007
BDE 5.881E + 05 1 5.881E + 05 170.17 <0.0001
ABCD 1.378E + 05 1 1.378E + 05 39.88 0.0002
ABCE 1.599E + 05 1 1.599E + 05 46.27 0.0001
ABDE 21528.13 1 21528.13 6.23 0.0372
ACDE 34060.50 1 34060.50 9.86 0.0138
BCDE 2.824E + 05 1 2.824E + 05 81.71 <0.0001
ABCDE 23005.13 1 23005.13 6.66 0.0326
Residual 27645.88 8 3455.73
Cor Total 2.573E + 06 31
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activity of 2199 U/g could be achieved at 70% moisture, 0.82% glu-
cose and 0.725% yeast extract. The predicted response (2199 U/g
substrate) was verified, 2214 U/g substrate of antibacterial activity,
which was very close to the predicted response. RSM has been used
for the production of streptomycin (Sharma et al., 2009) and neo-
mycin (Messaoudi et al., 2012). The newly optimized medium
enhanced antibacterial activity upto 10 times higher than the un
optimized medium.



Table 3
Central composite design for the production of antibiotics in solid state fermentation using Streptomyces sp. AS4.

Run A:Moisture B:Glucose C:Yeast extract Antibiotics
% % % U/g

1 95.2269 0.55 0.625 426
2 70 1.30681 0.625 1823
3 70 0.55 0.625 1980
4 70 0.55 0.625 1976
5 70 0.55 0.625 1897
6 44.7731 0.55 0.625 391
7 70 0.55 0.625 1879
8 55 1 0.5 7
9 70 0.55 0.835224 2159
10 70 0.55 0.625 2019
11 85 1 0.5 1120
12 70 0.55 0.625 1885
13 55 1 0.75 1049
14 70 0.55 0.414776 360
15 55 0.1 0.75 1359
16 55 0.1 0.5 291
17 85 0.1 0.75 501
18 85 0.1 0.5 574
19 70 �0.206807 0.625 48
20 85 1 0.75 1091

Table 4
Analysis of variance for the production of antibiotics using Central composite experimental design.

Source Sum of Squares df Mean Square F-value p-value

Model 1.001E + 07 9 1.112E + 06 11.03 0.0004
A-Moisture 29885.77 1 29885.77 0.2964 0.5981
B-Glucose 9.110E + 05 1 9.110E + 05 9.03 0.0132
C-Yeast extract 1.855E + 06 1 1.855E + 06 18.40 0.0016
AB 3.741E + 05 1 3.741E + 05 3.71 0.0830
AC 6.116E + 05 1 6.116E + 05 6.07 0.0335
BC 40.50 1 40.50 0.0004 0.9844
A2 4.401E + 06 1 4.401E + 06 43.64 <0.0001
B2 1.933E + 06 1 1.933E + 06 19.17 0.0014
C2 9.131E + 05 1 9.131E + 05 9.06 0.0131
Residual 1.008E + 06 10 1.008E + 05
Lack of Fit 40.3 5 8.06 0.0001 2.492
Pure Error 17729.33 5 3545.87
Cor Total 1.102E + 07 19
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5. Conclusion

A total of 129 Actinomycetes strains were isolated from the
mangrove soil sediments. Among them, strain AS4 displayed high
levels of potent bactericidal activities. Morphological characters
and 16S rRNA analysis revealed that strain AS4 belongs to Strepto-
myces spp., Hence, it was named as Streptomyces sp. AS4. To
enhance maximum production of antibiotics, solid state fermenta-
tion was the method deployed. Wheat bran proved to be an excel-
lent choice as a solid substrate for enhanced production of
antibiotics at the minimum production cost.
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