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ABSTRACT: The effects of different sources of carbon, nitrogen and some of trace elements
on cultivation of Bacillus thuringiensis H14 were studied. Glucose, glycerol, sodium acetate,
(NH4)2SO4, corn steep liquor, yeast extract, hydrolyzed casein, Ca2+, Mg2+ and Mn2+ were the main
parameters evaluated by Plackett-Burman statistical method. All elements have insignificant effect
on germination while spore production was mainly affected by corn steep liquor. Growth was affected
by corn steep liquor, MnSO4 and sodium acetate. The following medium has been proposed based
on the responses to growth and sporulation of B. thuringiensis H14: glucose, 5 g/L; glycerol, 1 g/L;
sodium acetate,0 g/L; (NH4)2SO4, 1 g/L; corn steep liquor, 2 mL/L; yeast extract, 1 g/L;
hydrolyzed casein, 1 g/L; CaCl2, 20 mg/L; MgSO4, 50 mg/L; MnSO4 100 mg/L; FeSO4, 0 mg/L.
This medium resulted in a maximum spore count.
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INTRODUCTION
The potential of Bacillus thuringiensis for producting
of toxin and its use as a biological control agent has been
well documented [1]. During sporulation, B. thuringiensis
produces some delta-endotoxins, that are responsible for
insecticidal activity of this microorganism [2]. Successful
commercialization of delta-endotoxin production depends
on the development of an optimal fermentation medium [3].
Accordingly, a number of studies have been carried out and
have given improvement to culture conditions, in particular
the carbon and nitrogen sources for increasing spore and/or
crystal protein production [4-7]. Microbial productivity
could be enhanced by manipulating the nutritional parameters,
environmental conditions and strain improvement [8].

Development of an economical production medium requires
selection of carbon, nitrogen, and trace element sources.
At the cell level, each of sporulation, germination and
vegetative growth phases could be considered as the multistage processes which are very different in their nature and
their special requirements. In the present study, bacterial
growth was initially carried out in a medium reported
in literature [9]. Thereafter, different carbon, mineral and
nitrogen sources were tested to analyze their effects on each
of these growth phases. Glucose is the most utilized source
of carbon, but Smith [10] has reported that glycerol resulted
in higher toxicity. Acetate has also been suggested instead of
carbohydrates in the culture of Bacillus sphaericus [11].
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Regarding the nitrogen sources in the culture of
B. thuringiensis, the presence of an organic source has been
mentioned as an indispensable factor that sometimes is
the most expensive part of medium [12-14]. Yeast extract
is the most cited of nitrogen source, however, some authors
report that the utilization of Corn Steep Liquor (CSL) gives
a better results of growth, sporulation and toxicity of
entomopathogene bacteria [15, 16]. Hydrolyzed casein is
another source of protein utilized in the culture of
B. thuringiensis, but Pearson et Ward [17] mentioned it
as an improper element in medium composition. The presence
of some ions such as Ca2+, Mg2+ and Mn2+ in the culture
of B. thuringiensis is essential [18, 19]. The presence of the ion
Fe2+ has also been mentioned as a determinant factor for
the growth of this bacterium [19]. These numbers of parameters
reveal that a statistical optimization methodology should be
applied. A statistical design enables easy selection of
important parameters from a large number of factors and
explains the interactions between important variables.
The Plackett–Burman design as a highly fractionated factorial
design for screening of the most significant process variables
has been widely used in biotechnological researches [20-24].
This study aimed to indicate the effects of medium
compositions on the growth, spore production and
germination of B. thuringiensis. They were separately been
investigated and the usefulness of the statistical experimental
design for such study has been demonstrated.

EXPERIMENTAL SECTION
Microorganism and media
Bacillus thuringiensis H14 (Ecautec, Tahiti) was used [25].
A preculture flask containing 500 mL of medium was
incubated at 30 °C on an orbital shaker for 9 h and used
to inoculate each of culture flasks. The composition of
the preculture medium was: glucose (10 g/L); ammonium
sulfate (1.5 g/L); yeast extract (2 g/L); K2HPO4 (1.5 g/L);
KH2PO4 (1.5 g/L); CaCl2 (60 mg/L); MgSO4 (500 mg/L);
MnSO4 (50 mg/L). The pH of medium was adjusted at
7 by NaOH 2 M and autoclaved at 120 °C for 10 min.
For culture medium optimization, the different
sources of carbon, nitrogen and mineral salts taken from
diverse literatures were used. Different factors such as
glucose, glycerol, sodium acetate, (NH4)2SO4, corn steep
liquor, yeast extract, hydrolyzed casein, Ca2+, Mg2+ and
Mn2+ as mentioned in the experimental design

132

Vol. 31, No. 4, 2012

were considered and their effects on the cell growth,
spore production and germination were evaluated.
Experimental design and statistical analysis
The Plackett–Burman (PB) experimental design
was used to evaluate the relative importance of various
nutrients in each cell state. It assumes that there are
no interactions between the different media constituents,
Xi, in the range of variables under consideration. A linear
approach is considered for screening:
Y=

0+

iXi

(i=1, …, k)

(1)

Where Y is the estimated target function or response
and i are the regression coefficients. The PB design
is a fractional factorial design and the main effect of such
a design may be simply calculated as the difference
between the average of measurements made at the high
level (+) of the factor and the average of measurements
made at the low level (-). Contrast coefficients allow
the determination of the effect of each constituent. A large
contrast coefficient either positive or negative indicates
that a factor has a large impact on target function; while
a coefficient close to zero means that the factor has little or
no effect. The P-value is the probability that the
magnitude of a contrast coefficient is due to random
process variability. A low P-value indicates a ‘‘real’’ or
significant effect. The significance of each variable was
determined by applying the Student’s t-test. For each
variable a high (+1) and a low (-1) concentration were
applied (Table 1). The rows in Table 1 represent
the 12 different trials and each column represents a different
variable. The statistical analyses were performed by using
of multiple regressions. Such that the experimental design
is based on the simple matrix of Hadamard, very
economic on the number of runs, times and instruments.
It will permit a rapid screening of important parameters
in each cell state. In 12 experiments, 11 parameters were
changed simultaneously at two levels. The values of
changing levels of each parameter were taken from
literatures. One milliliter of spore suspension was added
to each flask and incubated at 30 °C on an orbital shaker.
The situation of cultures at 3 h, 8 h and after 24 h of
fermentation was analyzed microscopically –as explained
in the next section- to evaluate the influences of media
compositions on the germination, growth and sporulation
respectively.
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Table 1: Plackett-Burman design for medium optimization and measured response with eleven variables representing nutritional
components of the medium with high (+) and low (-) concentrations

Glucose

Glycerol

Sodium Acetate

(NH4)2SO4

Corn Steep Liquor

Yeast Extract

Hydrolyzed Casein

CaCl2

MgSO4.7H2O

MnSO4.1H2O

FeSO4.7H2O

Germination

Growth

Sporulation

X2

X3

X4

X5

X6

X7

X8

X9

X10

X11

Cell/ml X 10-7

Cell/ml X 10-7

%

1

+

+

-

+

+

+

-

-

-

+

-

1,7

5,0

0,0

2

-

+

+

-

+

+

+

-

-

-

+

2,4

4,0

2,5

3

+

-

+

+

-

+

+

+

-

-

-

1,0

3,5

14,0

4

-

+

-

+

+

-

+

+

+

-

-

4,3

3,3

0,0

5

-

-

+

-

+

+

-

+

+

+

-

4,4

4,3

0,0

6

-

-

-

+

-

+

+

-

+

+

+

2,5

35,0

75,0

7

+

-

-

-

+

-

+

+

-

+

+

5,1

4,7

0,0

8

+

+

-

-

-

+

-

+

+

-

+

3,3

31,0

12,0

9

+

+

+

-

-

-

+

-

+

+

-

1,9

12,0

65,0

10

-

+

+

+

-

-

-

+

-

+

+

1,4

3,7

95,0

11

+

-

+

+

+

-

-

-

+

-

+

3,0

4,8

0,0

12

-

-

-

-

-

-

-

-

-

-

-

2,5

6,4

99,0

Concentration

g/L

g/L

g/L

g/L

ml/L

g/L

g/L

mg/L

mg/L

mg/L

mg/L

(-)

5

1

0

1

2

1

1

20

50

5

0

(+)

50

10

5

10

20

10

10

400

700

100

20

Run

X1

Microscopic analysis
Germination, growth, sporulation and formation of
inclusion bodies were monitored using a phase contrast
microscope (Olympus Bx60). Cell counts (vegetative and
sporulated cells) were carried out using this microscope
and a Thoma chamber. Unlysed sporulated cells
were counted as spores. Sporulation was determined
as the ratio of lysed and unlysed sporulated cells, which
were distinguished due to their refractile nature,
over the total cell count. The percentage of sporulated
lysed cells vs. the total cell count has also been calculated
as a mature spore count.

RESULTS AND DISCUSSION
Pareto graphs of the effects of all variables on
germination, growth and spore production have been
presented in the Figs. 1-3. These graphs allow visually
identifying the important effects and comparing the
relative magnitude of the various effects. They display
the absolute value of the effects and draw a reference line
on the graph. Any effect that extends past this reference
line is potentially important.
Fig. 1 reveals that the effect of all terms on germination
is insignificant. Growth was affected by corn steep liquor,
MnSO4, sodium acetate (Fig. 2). Spore production was just
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affected by corn steep liquor (Fig. 3). Eleven compositions
were studied to evaluate the approximate polynomial (firstorder model) for all dependent variables, explaining their
effects on the composition of the composite. Table 1
presents the experimental design and results of 12 PlackettBurman (PB) experiments. The data of germination, growth
and spore production was analyzed based on Eq. (1) and the
models (coded units) without omitting insignificant effects
are given as follows:
Y1=2.78-0.13X1-0.30X2-0.44X3-0.47X4+0.69X50.25X6+0.08X7+0.46X8+0.44X9+0.04X10+0.16X11

(2)

Y2=9.80+0.35X1+0.03X2-4.43X3-0.60X4-5.46X5+
0.4.00X6+0.61X7-1.39X8+5.25X9+0.98X10+4.05X11

(3)
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Corn steep liquor
(NH4)2SO4
CaO2
Sodium acetate

Factor
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MnSO4.H2O

Glycerol
Yeast extract
FeSO4.7H2O
Glucose
Hyddrolyzed casein
MgSO4.7H2O

0.0

0.5

1.0

1.5

2.0

2.5

Standardized effects of variables

Where Y1, Y2 and Y3 refer to germination, growth
process and spore production, respectively. If we omit
insignificant effect, the models are given as follows:
Y’2=9.80-4.43X3 -5.46X5 +.98X10

(5)

Y’3=30.21-29.79X5

(6)

These statistical models (5, 6) were able to predict
satisfactory growth and spore production at different
levels of medium compositions, respectively. Model 2
demonstrates that sodium acetate and corn steep liquor
have positive effects on growth but MnSO4.H2O has
negative effect on it. Model 3 reveals that only corn steep
liquor has negative significant effect on spore production.
The results indicate that main effects are significant
at an -level of 0.05. By Minitab software Estimated
optimum compositions for the production of spores by
B. thuringiensis are as follows: glucose, 5 g/L; glycerol,
1 g/L; sodium acetate, 0 g/L; (NH4)2SO4, 1 g/L; Corn
Steep Liquor, 2 mL/L; Yeast extract, 1 g/L;
Hydrolyzed casein, 1 g/l; CaCl2, 20 mg/L; MgSO4,
50 mg/L; MnSO4, 100 mg/L; FeSO4, 0 mg/L and resulted
in a maximum spore count of 100% was obtained.
The effect of each parameter could be interpreted
based on these results as following:
Glucose: Despite it is the most utilized source of
carbon during different phases of B. thuringiensis [26]
but in this study it did not show any significant effect
on all responses.
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Corn steep liquor
MnSO4.1H2O
Sodium acetate

Factor

(4)

FeSO4.7H2O
Yeast extract
CaCl2
MgSO4.7H2
Hydrolyzed casein
(NH4)2SO4
Glucose
Clycerol

0

2

4

6

8

10

12

Standardized effects of variables
Fig. 2: Pareto graph showing the Standardized Effects of
variables on growth.

Factor

Y3 =30.21-15.04X1-1.12X2-0.79X3+0.46X429.79X5-12.96X6-4.13X7-10.04X888X9+8.96X10+0.54X11

Fig. 1: Pareto graph showing the Standardized Effects of
variables on germination.
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Fig. 3: Pareto graph showing the Standardized Effects of
variables on spore production.

Iran. J. Chem. Chem. Eng.

Nutritional Requirements of Bacillus thuringiensis ...

Glycerol: It affect none of responses significantly,
however Smith [10] has reported that glycerol resulted
in higher toxicity and spore production.
Sodium Acetate: It had no significant effect on
germination and spore production but had negative effect on
growth. Some authors showed that germination of
B. thuringiensis spores are strongly inhibited by acetate [26].
Ammonium sulfate: No significant effect on
responses was observed, although it has been reported
that it increase spore production [27].
Corn Steep Liquor: It affected growth and spore
production strongly that was in agreement with other
research works [15, 16].
Yeast Extract: No significant effect on the responses
was observed which is in contradicted with other works
that mention it as a growth initiator [28].
Hydrolyzed Casein: It is another source of protein
utilized in the culture of B. thuringiensis, but Pearson &
Ward [17] mentioned it as an improper element in
medium composition and in this study does not have any
significant effect on any of the responses either.
CaCl2: It did not have any significant effect on any of
the responses.
MgSO4: It did not have any significant effect on any
of the responses.
MnSO4: positive effect on growth.
FeSO4: The presence of the ion Fe2+ has also been
mentioned as a determinant factor for the growth of this
bacterium [19]. In this study it does not have any
significant effect on any of the responses.
CONCLUSIONS
This work was another demonstration of use fullness
of statistical analysis in biotechnology. Medium
optimization could be effectively done in a limited
number of essays that make the process economically
more feasible. However if there is an interaction between
parameters the number of essays should be increased.
Plackett–Burman design allows considering a large
number of variables and identifying the most important of
them by a rapid screening of variables that affect growth,
spore production, and germination. The results showed
that the effects of corn steep liquor on all of three
responses were obviously more important than other
factors. For the future works, insignificant variables
can be omitted to repeat the experiments with a lower number
of parameters. Of course with limitation of concentration
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level of each parameters, it is necessary that high (+) and
low (-) level of each parameters be considered again.
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