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Abstract: Bacillus thuringiensis (B.t.) has been widely used in insect biocontrol programs, but the large

scale production of this bacillus is expensive because of the high cost of the production processes

(medium and production method). In this study, we attempted to develop a cost-effective medium, based

on inexpensive, locally available raw materials including fodder yeast and molasses by using 3-L

fermentor. In this investigation, 17 cultures of Bacillus thuringiensis were isolates from soil and dead

cotton leafworms samples. The bioassay test indicated that two Bacillus thuringiensis (UBF 1 and UBF

16) isolates which produced crystal proteins of bipyramidal shape exhibited potency against the cotton

leafworms. These isolates were differed on the level of molecular genetics. The highest toxicity was

obtained by cultivating B. thuringiensis UBF 16 strain (isolated from dead cotton leafworms) on medium

containing 20 g/L molasses and 40g/L fodder yeast. Heat shock treatment of 10h-old cells at 45ºC for 15

min improved the toxicity 23 %. Cultivation of B. thuringiensis UBF 16 by using bioreactor as a batch

culture increased the toxicity to 88.5% after 60 h, while, different techniques of fed batch culture

improved the toxicity 1.13, 3.73 and 5.42 % as compared with bioreactor batch culture by the continues

feeding of molasses at 2.5 ml/L/h & 1.67 ml/L/h and pH-state fed-batch culture, respectively. Hence, this

fodder yeast-molasses culture medium was considered most economical for the large scale industrial

production of Bacillus thuringiensis UBF 16.

Key words: Bacillus thuringiensis, cotton leave worm, Fodder yeast-molasses medium, Heat shock and

Fed-batch culture.

INTRODUCTION

The cotton leaf worm, Spodoptera littoralis

(Biosd.) is considered as one of the major and

important economic pests not only in Egypt, but also

in many parts of the world attacking over 112 plant

species belong to 44 families. Global use of

insecticides in recent decades has caused environmental

pollution of aqueous ecosystems and resulted in

insecticide resistance in many insect species. The

cotton leaf worm has acquired resistance to many

insecticides and the use of other control measures is

essential to aid in an overall Integrated Pest

Management Program. Many lepidopteran species have

been successfully controlled by using microbial agents,

e.g. by Bacillus thuringinensis  and NPV . The[8] [25]

larvicidal  substances of these preparations are based

on endotoxin proteins accumulated as parasporal

crystals produced by the bacterial cells during the

sporulation growth phase. These biological preparations

have the advantages of high selectivity resulting in low

negative impact to the environment. Furthermore, the

risk for development of insect resistance is very low to

B. thuringiensis based products, due to its multi-toxin

complex . Large quantities of spores possessing[30,19]

high insecticidal activity, produced by fermentation, are

required for practical applications of B. thuringiensis

insecticides. Improvement of bioinsecticides production

could be achieved by application of an adequate

fermentation technology, essentially with the use of

appropriate media , by overcoming metabolic[32,33]

limitations , and by the improvement of B.[33]

thuringiensis strains through mutagenesis . At present[11]

the cost of B. thuringiensis production through existing

fermentations technology is high because of the high

cost of the production medium. A less expensive

medium for culturing of B. thuringiensis will facilitate

the production of biopesticides in a cost-effective

manner. Bacillus thuringiensis was produced in

different media using the seeds of legumes, dried cow

blood, fishmeal and corn steep liquor , powders of[13]

edible leguminous seeds and cane sugar molasses ,[18]
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corn extract and corn steep liquor , or potato starch[6,16]

Bengal gram (Cicer arietinum) . Overproduction of[22]

fermentation products could also be obtained by

adaptation of cells to several abiotic stressors.

Microbial survival strongly depends on the ability of

cells to adapt to the stress by exhibiting synthesis of

stress-specific proteins, providing tolerance to

inadequate conditions . Therefore, cells strive to[15,31]

maintain an optimal balance between metabolic

processes involved in growth and survival .[2 7 ]

Consequently, cells adjust the control of cellular

metabolic performance at three levels, the hole

metabolism, proteins accumulation and/or even gene

expression pattern. Heat stress of cells lead to

accumulation of heat-shock proteins . In the present[15,3]

study, we have developed a culture medium based on

fodder yeast and molasses for the growth of B.

thuringiensis. This low cost-effective medium can be

used for the large scale production of bioinsecticide by

heat shock treatment for B. thuringiensis cells using

fed-batch culture to control cotton leafworms.

MATERIALS AND METHODS

Sample Collection: Twenty five samples were

collected from different habitats in Egypt including

dead cotton leafworms (5 samples) and cotton-

cultivated soils (20 soil samples). The samples were

placed in a plastic bag and kept at room temperature

until processing

Media Used:

Med.1: Nutrient agar medium  was used for[5]

preservation of B. thuringiensis isolates, spore count

and preparation of seed culture. 

Med.2: Luria broth (L.B) medium  was used for B.[28]

thuringiensis and endotoxin production. It consists of

(gl ): glucose, 1; yeast extract, 5; casein, 10; NaCl, 5.-1

The pH of the medium was adjusted to 7 with NaOH.

3Med.3: T  medium  was used for B. thuringiensis[20]

isolation and endotoxin production. It consists of (gl ):-1

2tryptone, 3; tryptose, 2; yeast extract, 1.5 and MnCl ,

0.005. The pH of the medium was adjusted to 6.8 with

0.05 M sodium phosphate. 

The following media were used also for endotoxin

production: 

Med.4: Tryptose phosphate agar . It consists of (gl ):[24] -1

2 4tryptose, 20; glucose, 2; NaCl, 5 and Na HPO , 2.5.

Med.5: Peptone-beef-yeast extract medium . It consists[7]

of    (gl ): peptone, 3; beef extract, 5; yeast extract,-1

2 2 20.5; MnCl , 0.006; CaCl , 0.08 and MgCl , 0.7. 

Med.6: Beef peptone agar . It consists of (gl ): beef[23] -1

extract, 10; peptone, 10 and NaCl, 5.

Med.7: Fodder yeast molasses medium . It consists[23]

2 4of (gl ): fodder yeast, 40; molasses, 15; K HPO , 1 and-1

4 2MgSO .7H O, 7.0

Bacillus Thuringiensis Isolation: Isolation of Bacillus

thuringiensis (B.t.) was conducted according to the

method of Obeidat et al. . One gram of each sample[20]

was suspended in 9 ml sterile water and pasteurized at

80 C for 30 min. Bacillus thuringiensis was selected byo

adding 1 ml of each suspension to 10 ml of Luria

broth buffered with 0.25 M sodium acetate to pH 6.8.

The suspensions were incubated at 30 C for 24 h ando

then heated to 80 C for 15 min. Suspensions wereo

3diluted and plated on T  medium and incubated at 30 Co

for another 24 h. Smears were stained with malachite

green method and examined under the light microscope

to observe the spores and parasporal bodies (delta-

endotoxin crystals) of the bacterium at 24-h intervals. 

Seed Culture Preparation: B. thuringiensis cultures

were grown on nutrient agar slants at 30°C for 24 h

and stored at 4°C until used. A loopful of tested

culture was used to inoculate 50 ml of nutrient broth

plus 0.03% (wt/vol) yeast extract in 250-ml Erlenmeyer

flasks. The flasks were placed on an orbital shaker at

150 rpm and incubated at 30 ± 1°C for 24 h. Five

milliliters of this first-passage seed culture were used

to inoculate similar seed flasks (second stage seed

culture) and treated as described above for 18 h and

maintained in the lag phase.

Shake Flask Experiments: 

Selection the Most Suitable Medium for Endotoxin

Production: Six media (med.2 to med.7) were used in

this experiment for endotoxin production in order to

select the most suitable medium for high parasporal

bodies production by selected isolates. The propagation

was carried out in 250 ml Erlenmeyer flasks, each

contain 100 ml sterile medium and inoculated with 1

% actively growing second stage seed culture. The

inoculated flasks were then incubated for 3 days at 30

± 1°C using rotary shaker at 150 rpm. After 72 h of

growth, the biomass of B. thuringiensis was separated

by centrifugation at 10000 rpm for 15 min and the

sediment was washed twice with distilled water and

then dried at 70°C for constant weight. The number of

spores was estimated by counting colony forming units

(CFU) at the end of the experiments. Culture sample

was heat treated at 80°C for 15 min, serially diluted,

and plated on nutrient agar plates. Plates were

incubated at 30°C overnight and the developing B.

thuringiensis colonies were counted and expressed in 
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CFU/ml. Toxicity of wet sediment of B. thuringiensis,

culture supernatant and whole culture were determined

against 2  instar larvae of cotton leafworms.nd

Effect of Carbon Source Concentration: Different

concentrations of carbon source in selected media were

used to study their effect on endotoxin production by

selected strains. The propagation was carried out as

mentioned before and toxicity were determined after 72

h of incubation. Correlation coefficient between sugar

concentrations and toxicity (%) was calculated.

Heat-shock Treatment: This experiment was

conducted to study the effect of heat shock treatment

on growth of selected strain and improvement of its

toxicity. The propagation was carried out in 250 ml

Erlenmeyer flasks, each contain 100 ml selected sterile

medium and inoculated with 1 % actively growing

second stage seed culture. The inoculated flasks were

then incubated at 30 ± 1°C using rotary shaker at 150

rpm. After 15 h of growth, the incubated cultures,

containing growing B. thuringiensis cells, were treated

for 30 min in a  150 rpm rotary shaker set at adequate

temperatures (30, 40, 45, 50, 55 and 60°C). Also, the

effect of optimal heat-shock treatment was studied at

different incubation times. Otherwise, the propagation

was conducted as indicated before.

Bioreactor Experiments:

Batch Culture: Actively growing second stage seed

culture was used to inoculate the fermenter at 1 % v/v.

The fermenter used in this study (3 L Z 6110/coob

Cole - Parmer Instruments Fermenter, USA) had a

working volume of 2 L and was set to control the

fermentation variables automatically. The medium

(1980 ml) was sterilized in situ and the fermentation

was started in batch mode with the following

conditions: temperature 30 °C, stirrer speed 200 rpm

and dissolved oxygen (DO) was maintained above 20

% saturation by controlling the air flow and increasing

the rotate speed up to 750 rpm. The antifoam agent

was added automatically when needed. Fermentation

was terminated after 72 h. Samples (20 ml) were

withdrawn at different time intervals to determine the

cell dry weight, toxicity (determined as % mortality of

leafworm) and total sugars (total sugars were

determined in the fermented liquor according to the

method of Flood & Prestly . The fermentation was[9]

done twice on the selected medium.

Fed-batch: Initial operation conditions of fed-batch

culture were the same as the batch culture. Two sets of

fed-batch cultures were performed using carbon source

only for feeding as follows: 

1. Constant rate fed-batch culture: the carbon source

(100 ml containing 20 gl molasses) was fed to-1  

bioreactor at a constant rate of 5 ml L  h (1 g!1 !1 

molasses/L/h), 2.5 ml L  h  (0.5 g molasses/L/h)!1 !1

and 1.67 ml L  h (0.334 g molasses/L/h), the!1 !1 

feeding was terminated at 20, 40 and 60 h,

respectively.

2. pH-control fed-batch culture: the pH decreased at

the first hours and then increased. When the pH

increased to 7.0 (about 24 h), the pH was kept at

7.0 ± 0.02 by concentrated solution (50 %

molasses) of carbon source feeding. The feeding

was terminated right after the pH could not be

controlled by feeding.

Molecular Genetics Characterizations:

DNA Extraction: Bacterial strains were grown in 5 ml

of liquid L.B medium overnight at 37 C. 1.5 ml of the

culture was centrifuged for 2 min. at 5000 rpm, and

the supernatant was discarded. The pellets were washed

in one ml of SET buffer (20%sucrose, 50mM EDTA,

50mM Tris HCl, pH 8.0) and re-centrifuged as above.

100 ml SET buffer and 200 ml of lysis buffer (10mg

lysozyme/ ml SET buffer) were added to the pellet, the

tubes were gently inverted several times and placed in

37 °C water bath for 60 min. Equal volumes of phenol/

chloroform/isoamyl alcohol were mixed thoroughly and

spun for 5 min in a microcentrifuge. Aqueous viscous

supernatant was removed to a fresh microfuge tube,

leaving the interface behind. After that, approximately

equal volumes of chloroform/isoamyl alcohol were

added and the tube stood for 5 min. The supernatant

was transferred to a fresh tube to which an equal

volume of isopropanol was added to precipitate the

nucleic acids by centrifugation at 12000 rpm for 15

min. DNA pellets were washed with 70% ethanol and

precipitated as described at the previous step. The

2pellets were dissolved in 100 ml d.d. H O.

RAPD Analysis: Six  arbitrary 10 mer primers in the

next table were used for PCR. Reaction mixture (25 ul)

contained the following concentrations: 25 ng genomic

DNA, 0.2 uM primer, 0.2 mM of each dNTP (from

Bohringer Manheim), 1.5 unit of taq DNA polymerase,

22.5 ul 10x buffer, and steril dd H O up to 25 ul.

Amplification was performed in a thermal cycler

(Biometra) programmed for 1 cycle at 95°C for 5min.,

4  cycles  of  95°C for 1min., 37 °C for 1 min. and

72 °C for 2 min., final extension cycle at 72 °C for 15

min.

Agarose gel electrophoresis (1.2% in 1x TBE

buffer) was used for separation of the generated PCR

fragments.
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Primer Sequences:

Primer Sequences Primer Sequences Primer Sequences

C4 CCGCATCTAC C6 GAACGGACTC O3 CTGTTGCTAC

C5 CATGACCGCC C10 TGTCTGGGTG O7 CAGCACTGAC

Visualization and documentation were carried out
by staining the gel with ethidium bromide solution for
30 min. After that, gels were photographed under UV
light.

Toxicity Test: The entomotoxicity (Tx) of the samples
was measured by bioassay as the relative mortality to
2  instar larvae of the cotton leafworm, Spodopterand

littoralis, (Boisd.). Samples (10 ml) were centrifuged at
5000 rpm for 15 min. Pellets (spores and parasporal
protein crystals) were washed in 10 ml sterile distilled
water and centrifuged at 5000 rpm for 5 min. washing
was repeated twice. The pellets were resuspended in 10
ml of sterile distilled water and kept at 4°C . The[4]

toxicity of pellets, culture supernatant and whole
culture of B. thuringiensis isolates were examined
against the second instar larvae of cotton leafworm.
Diet for larvae was prepared by soaking one gram of
cotton leaf pieces in 10 ml of each bacterial suspension
for 5 min. The diet was then dried and placed in
disposable cups where 10 larvae were placed. The
toxicity of each strain was assayed in triplicate.
Disposable cups were incubated at 25°C for 24 and 48
h and corrected for control mortality, using Abbott’s
formula . Mortality was scored in comparison with[1]

parallel control in which cotton leave pieces soaked in
sterile distilled water instead of bacterial suspension. A
larva was presumed dead if it did not move when
touched with a blunt needle. Probit regression analysis
was carried out to calculate LC50 and LC90 values
fiducially limits .[2]

Statistical Analysis: Coloration coefficient was carried
out by Microsoft Excel ,[17]

RESULTS AND DISCUSSION

Isolation and Toxicity of B. thuringiensis: 
Suspensions of dead cotton leafworm and soil samples

3were heat treated, spread on T  medium, and incubated
at 30 ° C as described under materials and methods. B.
thuringiensis colonies were identified by the presence
of parasporal crystals and selected for screening against
second instar larvae of cotton leafworm. A total of 17
B. thuringiensis isolates were selected according to the
colonial morphology differences (Table 1). Results
show that, the most isolates (11 isolates) produce
cuboidal parasporal crystals and ten of them were
isolated from cultivated soils. Out of the 17 B.
thuringiensis isolates, four isolates were characterized
by the production of spherical parasporal crystals. The
remaining two isolates were characterized by the
production of bipyramid parasporal crystal proteins
(fig.1). 

Bioassay showed that only two isolates which
produce bipyramid crystal ( UBF 1 & UBF 16) were
toxic to cotton leafworm larvae (Table 1). One of these
was isolated from soils and another from dead worms
and the last (UBF 16) was found to be highly toxic
(35.45 % mortality). The remaining isolates did not
give any toxicity against the larvae. Therefore, these
isolates were chosen for the further studies. 

According to Ohba , many isolates of B.[21]

thuringiensis are distributed among various private and
public collections and are considered to be potential
reservoirs for novel toxins. However, in most cases,
and typically for the serotypes described in the last ten
years, no target insects have been identified. Surveying
the susceptibility of various insects to the B.
thuringiensis strains may support their characterization
and classification . Mosquitocidal strains have been[14]

grouped into a few pathogenic classes, from acute to
low toxicity. The authors found four strains belonging
to B. thuringiensis subsp. thompsoni, malaysienis,
canadensis, jegathesan, and two auto-agglutinating B.
thurinigienis strains as being highly toxic to the larvae
of the mosquitoes Ae. aegypti, Anopheles stephensis,
and Culex pipiens, as well-known standard B.
thuringiensis israelensis and less toxic to morrisoni,
darmstadiensis, medellin, kyushuensis and fukuokaensis.

Random Amplified Polymorphic DNA - Polymerase
Chain Reaction (RAPD- PCR): RAPD-PCR represents
the most popular and easiest DNA Fingerprinting
technique. However, there are some scientific concern
regarding the reproducibility and fidelity of such
technique. In the present study RAPD-PCR markers
were successfully used as molecular genetic
characterization tool in order to distinguish between the
two studied Bacillus thuringenesis strains.

RAPD- PCR: Six random primers were used in this
study. As shown in Tables (2) and (3), the highest
fragment produced by all primers was produced by
primers C5 and C10 and has a molecular weight of
1.61 kbp, whereas primer C5 produced the lowest
fragment with a molecular weight of 0.15 kbp (Fig. 2).

Furthermore, the total number of common bands
produced by all primers were 10 bands. The best
characterization criterion for both strains was primer
O7 which produces 5 common bands. While, the best
characterization (criterion?) was primer O3 which
produced 18 unique bands. These unique bands could
be used as positive specific marker for each strain.

For B. thuringiensis UBF 16 strain, the best
primers were  C5 and C10 which produced 7 unique
bands. While, the best primer for B. thuringiensis UBF
1  strain  was  primer  O3 which produced 11 unique 
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Table 1: Parasporal crystal protein morphology and larvicidal activity of B. thuringiensis isolates from different habitats.

Habitat No. of No. of different Strain No. Parasporal Toxicity (%) of

samples B.thuringensis crystal protein  cotton leafworm
 isolates morphology

Cotton cultivated soils 20 15 UBF 1 Bipyramidal 21.28
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

UBF 2 to UBF 11 Cuboidal 0.00
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

UBF 12 to UBF 15 Spherical 0.00

Dead cotton leafwarms 5 2 UBF 16 Bipyramidal 35.45

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
UBF 17 Cuboidal 0.00

Fig. l: Crystals morphology synthesized by different isolates of B. thuringiensis. Arrows indicate (A) bipyramid-
shaped crystals, (B) cuboidal-shaped crystals and (C) spherical-shaped crystals.

Table 2: M ol ecular weight (bp) of DNA fragments generated by all primers.

Primer C4 Primer C5 Primer C6 Primer C10 Primer O3 Primer O7

------------------------- --------------------------- ------------------------ ----------------------- ----------------------- ---------------------
UBF 16 UBF1 UBF 16 UBF1 UBF 16 UBF1 UBF 16 UBF1 UBF 16 UBF1 UBF 16 UBF1

1.40 1.33 1.61 1.59 1.60 1.38 1.61 1.49 1.33 1.58 1.24 0.65
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

1.09 1.20 1.03 1.43 1.34 0.56 1.39 1.25 1.15 1.30 0.68 0.66
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

0.91 1.06 0.68 0.98 0.77 0.53 0.99 1.09 1.11 1.06 0.56 0.51
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

0.83 0.94 0.46 0.79 0.54 0.37 0.78 0.89 0.68 0.81 0.55 0.41
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

0.58 0.76 0.44 0.60 0.34 0.25 0.61 0.71 0.48 0.71 0.48 0.35
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

0.26 0.67 0.36 0.51 0.48 0.65 0.36 0.58 0.41 0.30
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

0.53 0.29 0.42 0.33 0.61 0.51 0.34 0.26
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

0.43 0.26 0.36 0.24 0.54 0.45 0.30 0.21
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

0.30 0.15 0.19 0.42 0.39 0.26 0.19
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

0.26 0.15 0.29 0.36 0.21
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

0.20 0.33 0.19
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

0.27

Table 3: Nmber of common bands, unique bands generated by all primers.

Primers Number of common bands Total Number of unique bands Total number of bands

Primers C4 1 15 17
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Primers C5 2 15 19
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Primers C6 0 5 5
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Primers C10 1 16 18
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Primers O3 1 18 20
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Primers O7 5 10 20

Total 10 79 99
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bands. From these results, it could be concluded that
these strains are different in molecular genetics
characterization.

Selection of the Suitable Medium for Crystal Protein
Production: The biomasses of B. thuringiensis UBF 1
and UBF 16 strains produced by different media were
varied. The highest dry weight of B. thuringiensis UBF
1 and UBF 16 were recorded in med.4 followed by
med.7 being 7.2, 6.8 g/L and 7.8, 7.3 g/L, respectively.
While, the lowest dry weight and spore count by both
strains were recorded in med.3 (Fig. 3). A maximum
spore count of B. thuringiensis UBF 16 was 4.4 x 107

c.f.u./ml was observed in med.7 followed by med.4
(4.2 x 10  c.f.u./ml), then med.2 (3.2 x 10  c.f.u/ml).7 7

The corresponding figures for B. thuringiensis UBF 1
were 4.1 x 10 , 3.5 x 10  and 2.5 x 10  on med.7,7 7 7

med.4 and med.6, respectively. The spore count of B.
thuringiensis UBF 1and UBF 16 strains on fodder
yeast-molasses medium (med.7) was found to be 1.17
and 1.05 times higher than the tryptose phosphate
medium (med.4), respectively. Maximum toxicity (%)
was noticed by cell pellets of B. thuringiensis UBF 16
strain in med.4 (49.99 %), while, the maximum toxicity
(%) of cell pellets of B. thuringiensis UBF 1 strain was
28.57 % in med.2 (L.B medium). Also, the highest
toxicity of culture supernatant of both strains was
recorded in med.4. being 46.43 and 21.28 % for
UBF16 and UBF 1, respectively. The maximum
mortality of whole culture of both strains was noticed
in med.4 and med.7 being 39.28 % and 35.4 & 32.14
% for B. thuringiensis UBF16 and UBF 1, respectively.
On the other hand, med.3 and med.6 gave the lowest
mortality of whole culture by both strains. The toxicity
of culture suspentation may due to hydrolysis of cells
and release the crystal proteins. Therefore, harvesting
the culture at the end of the stationary phase (before
the hydrolysis of cells) will allow maximum recovery
of the spore crystal complex. Once autolysis begins,
sedimentation of the spore crystal complex is difficult
and some crystals will go into solution. Earlier reports
indicated that the formation of toxic parasporal bodies
in B.t. generally occurs two to three hours after the
end of exponential growth and during sporulation .[16]

Other authors have shown variability in aspects of B.t.
production using media derived from various by-
product or raw materials sources such as   corn steep
liquor, corn extract, potato wastes, grated coconut
waste, fish meal, rice bran and sewage sludge . [6 ,29,16]

Poopathi et al.  found that, legume protein in[23]

combination with cane sugar molasses yielded primary
product 2.1-2.4 times more potent than the US
standard. From the economical view, the separation of
microbial cell will increased the cost of product, so, in
the further studies, we will improved the toxicity of
whole culture. 
                              
Effect of Sugar Concentrations: Molasses ranged
from 15 to 35 gl in med. 7 and glucose from 2 to 10-1  

gl in med.4 as a carbon sources were used to vary-1   

the sugar concentration in separate experiments to
study their effect on percentage of mortality by the two
strains. Data presented in Fig. (4) show that, the
maximum mortality (67.86 %) of cotton leafworm,
Spodoptera littoralis, was recorded by whole culture of 
B. thuringiensis UBF 16 strain grown in med.7
containing  20 gl  molasses and med.4 containing 10-1

gl  after 72 h of incubation. While, the highest-1

mortality by whole culture of the second strains was
noticed on the same concentration of molasses in
med.7 and 4 gl  of glucose in med.4 being 49.99 %. -1

The mortality (%) by B. thuringiensis UBF 16 strain
was significantly highly positive correlated with the
glucose concentration in med.4 (r = 0.9762), and less
significantly correlated with the other strain (r
=0.3814). On the other hand, the mortality (%) by both
strains was negatively correlated with molasses
concentration in med.7 being r = -0.0771 and r = -
0.3175 for B. thuringiensis UBF 1 and UBF 16,
respectively. These means that increase the molasses
concentration in the medium do not have effect on the
toxicity of both strains.

In this study, the toxicity of B.t. produced from
our best medium (the fodder yeast-molasses) was
comparable to the level obtained using a conventional
medium (more expensive ingredients). The use of
fodder yeast and molasses in the production of B.t. has
many advantages. It is available throughout the year,
permits high sporulation and biomass production and
also it is easy to prepare and to store. We conclude
that this medium can provide a very useful substrate
for the production of B.t. toxin particularly in tropical
countries.

Icgen et al.  investigated the regulation of crystal[12]

protein production in Bacillus thuringiensis 81 by
different concentrations of carbon sources. They found
that the highest titers of toxin were obtained on
sucrose, lactose and inulin which also supported
sporulation. Whey and molasses were also potential
carbon substrates for toxin production. Other
carbohydrates including glucose, glycerol, maltose,
starch and dextrin yielded lower amounts of toxin. 

The Biological Efficiency of the Tested Strains: To
evaluate the biological efficiency as insecticidal activity
of B. thuringiensis UBF 1 and UBF 16 strains, a
bioassay procedure was carried out using the 2  instarnd

larvae of a standard and susceptible strain of the
Egyptian cotton leafworm, Spodoptera littoralis
(Boisd.). According to the results of mortality obtained
from the bioassay experiment, the toxicity regression
lines were plotted which represents the efficiency of
the tested strain in form of Log/Probit relationship
(Fig.5). From such toxicity lines it was calculated the
toxicity values obtained by the mentioned strains which
are listed in Table (4).

50Depending on the calculated toxicity values (LC )
which expressed as (cfu/ml), it was found that the B.
thuringiensis UBF 16 strain exhibited more toxic action
and  hence  more   efficiency  as  insecticidal activity 
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Fig. 2: RAPD-PCR pattern of the two strains UBF 16 (lanes,1,3,5,7,9,11) and UBF 1 (lanes 2,4,6,8,10,12) with
all primers (C4,C5,C6,C10,O3,O7) respectively.

Fig. 3: Cell dry weight and spore count of B. thuringiensis UBF 1 and UBF 16 strains and its toxicity against
cotton leafworm after 72 h incubation on different media at 30 °C using shake flask as a batch culture. 
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Fig. 4: Effect of different concentration of molasses or glucose on toxicity of B. thuringiensis UBF 1 and UBF
16 after 72 h incubation using shake flasks as a batch culture.

Fig. 5: Toxicity regression lines of two different strains of B. thuringiensis (UBF 1 and UBF 16) against 2  instarnd

larvae of the cotton leafworm, Spodoptera littoralis, (Boisd.).

Table 4: Estimated toxicity values, (LC50 and LC90), slope and regression values calculated from  the plotted toxicity regression lines of
Bacillus thuringiensis UBF 1 and UBF 16 strains against 2nd instar larvae of the cotton leafworm, Spodoptera littoralis, (Boisd.).

Tested strain LC50 (cfu/ml) LC90 (cfu/ml) Slope r

B. thuringiensis UBF 16 1.32 x 108 3.98 x 109 1.37 0.94
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
B. thuringiensis UBF 1 6.07 x 108 8.00 x109 2.67 0.99

r: regression

50against the tested larval instar (LC  = 1.32 x 108

cfu/ml) compared by the same parameter obtained by
the other strain (B. thuringiensis UBF 1) which showed

50lower efficiency (LC  = 6.07 x 10  cfu/ml). The same8

trend of efficiency was also observed at the calculated

90LC  values which were 3.98 x 10  and 8.00 x 109 9

cfu/ml by the two tested strains, B. thuringiensis UBF
16 and UBF 1, respectively. In addition, the slop
values of the plotted toxicity lines were 1.37 and 2.67
for the same mentioned strains, respectively. Also, the
regression values were 0.94 and 0.99 for the toxicity
regression line of B. thuringiensis UBF 16 and UBF 1
strains, respectively. 

From the previous results it could concluded that,
cultivation of B. thuringiensis UBF 16 strain on fodder
yeast-molasses medium containing 20 gl  molasses-1

produced microbial culture more toxic against larvae of
the cotton leafworm compared with the B. thuringiensis
UBF 1 and synthetic medium (tryptose phosphate
medium). So, B. thuringiensis UBF 16 strain and
fodder yeast-molasses medium were chosen for the
further studies to improve its toxicity.   

Effect of Heat Treatment on B. thuringiensis Cells
Viability and Toxicity: Among several stress
conditions assayed to investigate B. thuringiensis cell 
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responses in terms of delta-endotoxin production

improvement, the effect of heat treatment was studied.

A 15-h-old of B. thuringiensis UBF 16 cultures were

at first used for application of 30-min heat treatments

at different temperatures. As shown in Table (5), 30-

min treatments carried out at 50, 55 or 60°C caused

mortality of 58.2, 61.9 and 67.5 % of the cells, leading

to strong decrease the toxicity (%) to 46.43, 42.85 &

35.71 %, respectively,  and gave negative effect on the

toxicity improvement (%). By considering 30-min

treatments at 40 and 45°C leading to survival 83 and

73.2 % of cell viability, respectively, toxicity

improvements reached to 5.25- 10.52 %. 

In order to determine the stage of growth at which

cells could adapt more efficiently to heat shock,

cultures were treated for 15 or 30 min at 45°C at

various physiological states after different times of

incubation (0, 5, 10 and 15 h) corresponding to cells at

various physiological states: inoculation, exponential

phase, stationary phase and the beginning of

sporulation. The control used in the experiments

corresponded to untreated cultures. Results of Table (6)

showed that, heat treatment at zero time (after

inoculation) had bad affect on toxicity of B.

thuringiensis UBF 16 cultures, also, heat shock of 5,

10 and 15-h-old cultures decreased the final CFU and

the maximum decrease was observed in 5 h-old culture

treated by heat shock at 45°C for 30 min. While, the

minimum effect recorded in 15 h-old-culture exposed

to heat treatment for 15 min. Interestingly, heat shock

of incubated cells at these old of culture (5, 10 and 15

h) for 15 or 30 h significantly increased toxicity of B.

thuringiensis UBF 16 cultures (calculated as mortality

percentage of cotton leafworm). The most interesting

improvement of toxicity of B. thuringiensis UBF 16  

(21 %)  was obtained when treating 10- h-old culture

for 15 min at 45°C. The improvement decreased when 

 15-h-old cultures were treated at any durations of the

treatment (15 or 30 h). 

In this study, the response of the B. thuringiensis

to heat shock was investigated. Heat treatment, causing

also mortality of several cells, was mainly efficient

when applied to cells growing at the exponential phase

(10 h-old cell) for 15 or 30 minutes, giving,

respectively, 21 % and 15.53 % improvements of

mortality (%) of cotton leafworm. Cells, which had

already started sporulation (15 h-old cells), were more

heat stable and exhibited less toxicity  improvement

(%). This could be expected as SASP proteins and

dipicolinic acids should be accumulated in sporulating

cells . Moreover, heat treatment of vegetative cells[26]

accelerated their sporulation process. This should be

justified by the fact that heat treatment could induce

production of heat shock proteins (HSP) which are

originally produced in the spore-forming cell and

partially responsible for the stability of the spore

components. As synthesis of deltaendotoxin occurred

during sporulation, we could expect the positive impact

of such HSP, as helper proteins, either at the synthesis

level or the accumulation of protoxins in the

insecticidal crystals . H igh improvement of[1 0 ]

bioinsecticide production through adaptation of B.

thuringiensis cells to heat could be considered of great

importance in practical point of view, because high

deltaendotoxin concentration could be produced in

cheap production media, concomitantly with low spore

counts which would be spread in the environment.

Bioreactor as a Batch Culture: In this experiment,

the medium in fermentor containing 20 gl molasses-1  

was inoculated and then treated by the effective heat

shock treatments. The result of the batch culture was

shown in Fig. (6). These data indicate that B.

thuringiensis UBF 16 grow exponentially during the

first 24 h incubation and gave the highest cell dry

weight being 12.5 gl after 48 h incubation. Gradual-1  

increase in consumed sugar was observed by this strain

during fermentation period to reach the maximum

values after 60 h incubation. Great decreased in pH

values was noticed during the first 24 and then

increased to reach the maximum value (8.9) at the end

of cultivation.  

With respect to mortality (%) of cotton leafworm,

data also indicated that the toxicity of whole culture

was delayed to start after 20 h (at the end of

exponential phase) and continued  during stationary

phase. Increased gradually during stationary growth

phase and recorded the highest values after 60 h

incubation being 88.5 %. After 60 h  fermentation

period, a slight decrease in toxicity (%) was noticed up

to 72 h. This may be due to hydrolysis during

stationary phase, suggesting critical importance of

timing the harvest. 

Fed-batch Culture: In fermentation processes where

cell growth and/or product formation is inhibited by

high substrate concentration or by the accumulation of

a byproduct, substrate is intermittently fed to the

culture system in order to maintain the substrate

concentration below a certain level for enhancement of

biological and metabolic activity. Empirical feeding

policies have been developed to achieve high cell

density cultures. So, B. thuringiensis UBF 16 was

grown in bioreactor as a fed-batch culture using various

feeding strategies including continuous feeding of sugar

as well as pH stat fed-batch culture.

Constant Rate Fed-batch Culture: Data presented in

Fig. (7) show the biological activity of B. thuringiensis

UBF 16    grown on fodder yeast-molasses medium as 
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Table 5:Effect of heat treatment for 30 min on B. thuringiensis UBF 16 growth and toxicity on cotton leafworm.

Heat treatment Cell count after heat Final cell Survival (%) Growth after Toxicity (%) Toxicity 

(°C) treatment (107/ml) count (10 /ml) heat treatment improvement (%)7

30 12.4 19.4 100 36.1 67.86 -

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

40 10.1 16.1 83.0 37.3 71.42 5.25

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

45 9.6 14.2 73.2 32.4 75.00 10.52

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

50 6.3 8.1 41.8 22.2 46.43 - 31.58

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

55 5.8 7.4 38.1 21.6 42.85 - 36.86

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

60 4.6 6.3 32.5 27.0 35.71 - 47.38

Table 6: Effect of heat treatment at 45°C performed at different incubation time of culture of B. thuringiensis UBF 16.

Treated cells Duration of the Final cell count     M ortality (%)     Toxicity

treatment (min)     (10 /ml) of cotton leafworm improvement (%)7

Control 0 18.9 71.42 -

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Zero time 15 7.3 69.25 - 3.04

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Zero time 30 6.5 61.45 - 14.24

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

5 h old cells 15 10.8 76.67 7.35

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

5 h old cells 30 10.1 80.67 12.95

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

10 h old cells 15 14.4 86.42 21.00

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

10 h old cells 30 13.8 82.51 15.53

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

15 h old cells 15 16.5 78.67 10.15

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

15 h old cells 30 15.7 73.67 3.15

Fig. 6: Growthof B. thuringiensis UBF 16 on fodder yeast-molasses, consumed sugar, pH and toxicity during 72

h at 30°C using bioreactor as a batch culture.

fed-batch culture, using two rates of continuous feeding

of molasses. In this technique of fed-batch, molasses

were fed continuously at a rates of 2.5 ml L  h  (0.5!1 !1

g molasses/L/h) and 1.67 ml L  h (0.334 g!1 !1 

molasses/L/h), during 40 and 60 h of B. thuringiensis

UBF 16 cultivation period, respectively. Data clearly

show that the cell dry weight and consumed sugar

increased gradually during fermentation period of both

feeding rates, although no considerable variation in

mortality (%) was noticed, during the first 20 hours.

The maximum toxicity was obtained after 60 h of

continuous sugar feeding being 89.5% & 91.8%,

respectively. 

From the previous data, it could be noticed that

the continuous feeding at 2.5 ml L  h  (0.5 g!1 !1

molasses/L/h)  was  optimal  than  the  other  rate of 
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Fig. 7: Growth of B. thuringiensis UBF 16, consumed sugar, pH and toxicity (%)  on fodder yeast-molasses

medium using bioreactor as a fed-batch  culture at 2.5  ml l  h (A)   and 1.67 ml l  h (B) continuous-1 -1   -1 -1  

addition rate of molasses. 

feeding for B. thuringiensis UBF 16 production in fed-

batch culture, as it increased the cell productivity and

toxicity (%) 1.05 and 1.04 fold, respectively, as

compared with batch culture. 

pH-stat Fed-batch Culture: pH-stat fed-batch culture

is a powerful technique for the achievement of high

cell density which has many advantage over a low cell

density culture as a higher product concentration, an

increased productivity and a decreased recovery cost.

Therefore, it is a preferred mode of operation in

industrial application. Thus, a pH-stat substrate feeding

system was used in which feeding solution were fed

automatically to maintain the pH of culture broth at

approximately 7.0 (after 24 h of incubation) by feeding

a solution containing 50 % molasses during of

fermentation period of B. thuringiensis UBF 16. The

concentration of sugar in broth was ranged from 7.42 -

9.61 gl  during parasporal crystals proteins production -1

phase. The cell dry weight of B. thuringiensis UBF 16

was increased during 70 h fermentation period of pH-

stat fed-batch culture whereas the values of cell

increased to record the maximum value being 18.5 gl-1

after 70 h incubation period as shown in Fig (8). pH

of culture was constant in the first 24 hours by

controlled with NaOH, and then, after 24 h pH

controlled with faded with molasses, so, there was no

variation in pH.  With respect to toxicity (%), data

clearly show that the toxicity was increased to reach

the maximum value being 93.3 %. Also, it could be

noticed that, the culture did not gave mortality against

cotton lefworms during the first 24 h. From the above

result, this technique of fed-batch culture increased the

toxicity (%)1.02 & 1.05 fold and cell dry weight 1.34

&1.44 than constant rate fed-batch and batch culture,

respectively. Also, different techniques of fed-batch

culture improved the toxicity 1.13, 3.73 and 5.42 % as

compared with bioreactor batch culture.

Fig. 8: Growth of B. thuringiensis and toxicity during 80 h  incubation at 30°C on med.7 using bioreactor as pH-

stat fed- batch culture.
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