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        Abstract
Optimization of Bacillus subtilis growth conditions for mass production under laboratory conditions was investigated as
part of a biological control programme. Aspects such as increasing yield using various culture media, pH, temperatures and
carrier materials were studied. Nutrient broth (100×108) and 20 g molasses and 10 g yeast extract based media (98.60×108) gave
the highest yield and 20 g molasses and 10g yeast extract broth was the most economical.  pH of 7-8, temperature of 30-350C
and talc as carrier material were proved to best for mass production of B. subtilis.
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Introduction
The genus Bacillus comprises a diverse and

commercially useful variety of species widely distributed
in nature (Harwood, 1989). Apart from their application
in industry and as bio-insecticides (Deacon, 1983),
Bacillus subtilis (Ehrenberg) Cohn. commonly utilized
in biological control of plant diseases. B. subtilis is a
gram positive, motile, aerobic, rod shaped bacteria which
can be used for management of diseases. It is a ubiquitous
naturally occurring saprophytic bacterium that is
commonly recovered from soil, water, air and decomposing
plant material. Colony of B. subtilis is traditionally
circular, with ragged edges, colored cream to white. The
bacteria spread out from the center, keeping the ragged
circular shape of the colony. It has ability to form a tough
protective endospore, allowing the organism to tolerate
extreme environmental conditions (Alexander, 1977).

For commercial production, the antagonist must first
be cultivated and all processes involved, optimized.
Optimization takes place under laboratory conditions
before up scaling for mass production. Although, there is
considerable information available on laboratory-scale
production oí Bacillus, published literature has declined
as processes became commercially more significant.
(Sharp et al., 1989). Available literature on culturing
Bacillus spp mainly describes selective media or

laboratory-scale fermentations (Sharp et al., 1989).
Optimum conditions for culturing,harvesting, and storing
of Bacillus antagonists for eventual use against plant
pathogens, had to be determined in order to obtain
maximum yield.

An important area of biological control is the
development of formulations that would take care for
viable microbial activity for long period of time. Mass
multiplication of bioagent in a suitable medium and
development of a powder formulation was first carried
out in 1980. A dried powder formulation of bioagent is
important for seed treatment and soil application. Bacillus
subtilis is one of the most important biocontrol agent for
the management of plant diseases. Commercial success
of a biocontrol agent depends not only on its bioefficacy
or shelf life but also ease with which it can be mass
multiplied on a suitable substrate, which is easily available
and relatively inexpensive.

Materials and Methods
There are different steps involved in formulation of

B. subtilis such as standardization of medium, growth
studies, method of harvesting, drying and ultimately
developing the commercial formulation. Therefore, before
starting mass multiplication of B. subtilis, studies related
to standardization of media, pH and temperature
requirements were carried out as per the details
mentioned below.
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Standardization of media

Medium (broth) Dosage (g/l)
Nutrient broth (ready mixture) 13
Sucrose + Yeast extract 10+5
Sucrose + Yeast extract 15+8
Molasses + Yeast extract 20+10
Molasses + Yeast extract 12+12
Molasses + Urea 20+2
Molasses + Urea 25+5

One hundred ml of different above mentioned media
were taken in 250 ml flask, sterilized and inoculated with
pure culture. These flasks were kept for incubation at
room temperature for two days. Three replications were
maintained for each treatment. After incubation one ml
suspension was taken from each media and serial dilution
technique was performed up to 108 dilutions. An aliquot
of 0.1 ml suspension was spread over pre sterilized and
cooled down nutrient agar plates. The inoculated plates
were incubated at 30±1°C for 24-48h. The observations
on colony forming units (cfu) were recorded and
statistically analysed to find out the best medium.
 Standardization of pH levels

The organism was grown on the best media selected
from above experiment at different pH ranges such as 3,
4, 5, 6, 7, 8 and 9. One hundred ml of selective media
was taken in 250 ml flask and pH was adjusted to above
mentioned range. After sterilization and inoculation flasks
were kept for incubation for 1-2 days. Three replications
were maintained for each treatment. After incubation
one ml suspension was taken from each pH adjusted
flask and serial dilution technique was performed up to
108 dilutions. An aliquot of 0.1 ml suspension was spread
over pre sterilized and cooled down nutrient agar plates.
The inoculated plates were incubated at 30±1°C for 24-
48h. The observation on cfu were recorded and
statistically analyzed to find out the best pH range.
Standardization of temperature levels

The growth of B. subtilis was observed at different
temperature range such as 15, 20, 25, 30, 35, 40 and
45°C. Hundred ml of selective media was taken in 250
ml flask and pH was adjusted to standard range. After
sterilization and inoculation flasks were kept for incubation
at different temperature ranges for 1-2 days. Three
replications were maintained for each treatment. After
incubation one ml suspension was taken from each
temperature range adjusted flask and serial dilution
technique was performed up to 108 dilution. An aliquot of
0.1 ml suspension was spread over pre sterilized and
cooled down nutrient agar plates. The inoculated plates

were incubated at 30 ± 1°C for 24-48h. The observations
on cfu were recorded following standard procedure and
statistically analysed to find out the best temperature
range.
Standardization of carrier materials

To prepare commercial formulation of B. subtilis,
the mass produced bacteria was mixed with presterilized
different carrier materials like fly ash, vermiculite, lignite,
talc, gypsum, vermicompost and FYM and the viability
of the bacteria was tested after 7 days. For each
treatment three replications were maintained and
observations on cfu were recorded using plate count
method.

Results and Discussion
Among the seven different liquid media used to grow

B. subtilis, maximum cfu count was observed on nutrient
broth (100.44 × 108 cfu) and 20 g molasses + 10 g yeast
extract broth (98.60 × 108) whereas, least cfu count was
recorded in 12 g molasses+12 g yeast extract broth (67.67
×108 cfu) (table 1). Cost of media/l was lowest with media
containing 20 g molasses+10 g yeast extract broth (Rs.
49.80) compared nutrient broth (Rs. 69.40) indicating its
superiority. Similar studies have been carried out by various
workers and their results indicated suitability of different
media for growth of  B. subtilis. Peighmi-Ashnari et al.
(2009) conducted the similar studies and found that
molasses + yeast extract based media to be the most
suitable for rapid growth and high cell yield of B. subtilis
and their results are in tune with the results of the present
study. However, results of studies conducted by Korsten
and Cook (1996) and Nakkeeran et al. (2006) differed
from present study and they opined that potato media

Table 1 :Effect of different media on population of Bacillus
subtilis.

Media Dosage Mean cfu Cost of
(g/l) count (1×108) media/l

/ml (Rs)

Nutrient broth (ready 13 100.44 69.40
mixture)

Sucrose + Yeast extract 10+5 67.67 40.50

Sucrose + Yeast extract 15+8 88.73 52.22

Molasses + Yeast extract 20+10 98.60 49.80

Molasses + Yeast extract 12+12 62.33 55.52

Molasses + Urea 20+2 71.67 31.40

Molasses + Urea 25+5 80.07 48.00

S. Em ± 1.06

C.D. at 1% 3.21
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and nutrient broth were superior for growth of B. subtilis,
respectively.

Temperature and pH plays important role among the
external factors, which influence the growth and
reproduction of bacteria. All the bacteria have minimum
temperature, below which they cannot grow and above
which they are inactivated or killed. Each bacteria has
its optimum temperature and pH range for their growth
and multiplication.

In the present study, maximum cfu of B. subtilis was
obtained at pH 7 (100.33 × 108 cfu) and no growth of
bacteria was observed at 3 and 4 pH (table 2). Similarly,
maximum cfu was obtained at 30 and 35oC (103.6 × 108

cfu and 99.67 × 108 cfu, respectively) and least growth
was observed at 15oC temperature (table 3). Similar
results were obtained by Soleiman and Masoud (2013)
while studying with the large scale production of Bacillus
subtilis strain UTB96.

Nekkeran et al. (2006) reported that B. subtilis
growth was good at temperature of 28±2 oC. Whereas,
Korsten and Cook (1996) reported that temperature of

30-37oC and pH of 7-8 good for the growth and
multiplication of B. subtilis.

In the present study, different carrier materials were
used to prepare commercial formulation of B. subtilis.
All the different carrier materials tested supported the
multiplication of bacteria. When cfu count was observed
after 7 days of incubation, talc based formulation was
the best with highest cfu count of 97.10 × 108 cfu/g
followed by FYM as a carrier material with 91.68 × 108

cfu/g whereas, least growth was observed in gypsum
(78.10 × 108 ) (table 4). Similar studies were carried out
by Nekkeeran et al. (2006) and they reported that talc,
FYM, vermiculite and lignite as a carrier material
supported B. subtilis multiplication.

Summary and Conclusion
Bacillus subtilis was tested for its adoptability to

different media, temperature, pH levels and carrier
materials for its growth and survival. Results of the present
study revealed that the nutrient broth and 20 g molasses
+ 10 g yeast extract broth, temperature of 30-350C, 7-8
pH and talc as a carrier material are good for the growth
of B. subtilis.
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