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ABSTRACT 
 
The aim of this work was to study the production of the bioinsecticide using the aerobic cultivation. Two-stage 
cultivation process was used: aerobic vegetative growth and end-phase of sporulation (with aeration and without 
aeration). The cuts of working volume evaluated were 20, 40, 60 and 80 %. The highest value of spore 
concentration (2.17x109 CFU/mL) and spore productivity (7.2x107 CFU/mL.h) were observed using SP60. The 
lethal concentration (CL50) obtained through the aeration process and non-aeration process were 0.21 and 0.05 
mg/L, respectively. The specific potential of the bioinsecticide produced without aeration (0.025 mg/10-12 CFU) was 
two times higher than that obtained with aeration (0.05 mg/10-12 CFU).  
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INTRODUCTION 
 
The preparations of spores and crystals of Bacillus 
thuringiensis have been used for about 60 years 
for the control of insects harmful to the cultivated 
plants and forests and, also, for the control of 
insect vectors of diseases. Until 2002, 14 
commercial formulations of B. thuringiensis were 
available in the Brazilian market (Azevedo, Barros 
and Serafini, 2002). The increase of the demand of 
the bioproduct in comparison to chemical products 
is due to many advantages of the bioproduct. 
Azevedo et al., (2002) mentioned some of these 
advantages: the production through bioprocesses, 
use of the same equipments used for the 
application of chemical insecticides, innocuity to 

mammals and other vertebrates, and the wide 
spectrum of action combined with a high 
specificity. According to Polanczyk (2004), the 
main limitations of the bioproduct are the 
competition with the chemical products and the 
lack of investment of the public and private sectors 
in the development and formulations of the 
bioproduct. 
Among the main insect vectors of human diseases 
are the families of Aedes mosquitoes and 
Simuliidae, responsible for the transmission of a 
number of diseases. Dengue, in its classic form or 
hemorrhagic, is one of the diseases transmitted by 
the mosquito Aedes aegypti, is an important public 
health problem. Presently, the occurrence area as 
well as the number of people affected by this 
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disease is increasing in parallel with the human 
concern about its control (Macoris, 2003).  
Other mosquitoes that cause damage to the man in 
southern Brazil are the black flies, especially 
Simulium pertinax. When not controlled 
efficiently, the infestation of these insects can 
provoke a quite uncomfortable life for the 
riverside populations. The increase of the intensity 
of its attacks can lead to local hemorrhages, 
edemas and fever. Furthermore, the presence of 
those mosquitoes can negatively influence the 
economic development of the region which has a 
great potential for the exploration of rural tourism. 
Local and regional governments have developed 
programs to combat these insects through periodic 
applications of commercial products based on 
Bacillus thuringiensis var. israelensis in order to 
maintain the level of infestation of the insects in 
10 insects/hour/man, in accordance with the 
recommendation of the World Health Organization 
(WHO, 1991). The high costs of import and 
application of those products have hindered the 
maintenance of the programs. 
The toxicity of Bti to flies is due to the crystal 
delta-endotoxin protein formed during the 
sporulation of the bacterium when cultivated in 
controlled processes. These crystals are formed by 
protoxins that, after the ingestion through the 
larvae of the insect, are solubilized by the alkaline 
pH of its intestine, destroying the walls of the 
intestine and causing death by starvation or 
septicemia (Du and Nickerson, 1996). Lacey and 
Undeen (1986) observed that the lysis of the 
intestinal cells of the larvae of the mosquito can 
lead to death within six minutes, when elevated 
concentrations of the toxin are  employed, or 
within 24 h, in case of low concentrations. 
Therefore, a reasonable way of elevating the 
degree of toxicity of these crystals, increasing the 
concentration of the biotoxin in the product, can be 
by the development of alternative fermentation 
processes in comparison to the batch process.  
Several papers have been published on batch (BP) 
and fed-batch Bti fermentation but no information 
was found about the application of semicontinuous 
processes (SP). This is the main objective of this 
work. The production of Bacillus thuringiensis 
variety israelensis was evaluated in SP process for 
vegetative growth combined with the batch 
sporulation. Special attention was given to the 
potential of the bioinsecticide produced during the 
bacterial sporulation conducted with aeration and 
without aeration. The batch BP was used as 

standard for comparison with the SP process 
combined. 
 
 
MATERIAL AND METHODS 
 
The strain of Bacillus thuringiensis var. israelensis 
IPS 82, serotype H-14, kindly provided by the 
University of Caxias do Sul, was used for all the 
experiments. For the cultivation, the following 
medium was employed (in g/L): glucose, 20. 0; 
crushed soybean flour, 40.0; water maceration of 
corn, 20.0; KH2PO4, 3.0; K2HPO4, 3.0; 
MgSO4.7H2O, 0.50; CaCl2.2H2O, 0.40; 
MnSO4.H2O, 0.03. The sterilization of the medium 
was conducted at 121°C for 20 minutes.  
The cultivation was performed by batch process 
(BP) and semicontinuous combinated process 
(SP). The inoculum was prepared from microbial 
suspension the bacteriain grown on the solid 
medium. Inoculum was used as 10% of the 
working volume. 
A bioreactor Biostat B (Sartorius) was used with 
two different configurations. A 2L bioreactor (B1) 
with working volume of 1.5L was used in the 
experiments BP and SP for bacterial vegetative 
growth until the application of the cut. A 0.25L 
bioreactor (B2) with a working volume of 0.2L 
was used for the studies of the final phase of 
sporulation in SP processes. In all the experiments, 
the temperature was 30°C and the pH remained 
constant at 7.0 by adding KOH (5M). The aeration 
in B1 was 0.5 vvm and the agitation rate ranged 
from 450 to 750min-1 in order to keep the 
concentration of dissolved oxygen above 10% of 
its concentration of saturation. In B2, the agitation 
was 600min-1 with 0.05 vvm in the aerated 
processes. The total time of cultivation for the SP 
combined process (B1 + B2) was the same for all 
the cuts made. The effect of aeration in the final 
stage of sporulation was also analysed in the SP 
process. 
In the SP, the following cuts of cultivation broth 
were evaluated: 80% (SP80), 60% (SP60), 40% 
(SP40) and 20% (SP20). The cuts are defined as 
the volume of medium fermented withdrawn from 
the fermentation bioreactor and replaced by equal 
volume of fresh medium for new fermentation.  
The cuts were performed when the concentration 
of total reducing sugars (TSR) in the B1 
cultivation medium reached 5g/L. The removed 
volume was then transferred to the bioreactor B2 
where the influence of aeration on the potential of 
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the bioinsecticide was evaluated: sporulation with 
and without aeration. All the experiments were 
performed at least in duplicate. The effect of 
aeration in the stage of maturity on the final 
concentration of spores (XS,F) was measured by 
comparing the results observed for the 
experiments conducted in bioreactor B2. To 
achieve that goal, the values of XS,F with and 
without continuous supply of air to the medium 

removed were determined. For all the experiments 
the end of the stage of maturity corresponded to 
the total consumption of the carbon source 
available in the cultivation medium. Figure 1 
shows the scheme of experiments for the 
production of spores of Bacillus thuringiensis var. 
israelensis in the semicontinuous cultivation with 
subsequent maturing of spores in a batch process. 

 

 
 

 
 
 

Figure 1- Scheme of the production of spores in the semicontinuous combined process (SP). 
 
 
During the cultivation carried out in the bioreactor 
B1, samples (2 mL) were taken from the culture 
medium to determine TSR every two hours. For 
the cell determination (spores), samples were 
taken before each cut. For the determination of 
TSR, the samples were centrifuged at 18000g for 
10min and the supernatant was analysed by the 
DNS method (Miller, 1959). For the determination 
of the cell concentration (spores), the samples 
were firstly treated by a thermal shock (80ºC, 
10min/-20ºC, 10min), in order to guarantee that 
only spores were present in the sample. A fraction 
of this sample was then diluted in a series of 
sterilized test tubes of 25mL, containing a 0.9 % 
(m/vol) saline solution. Fractions of 100µL of 
these dilution series were distributed in Petri 
dishes with subsequent addition of the cultivation 
medium of Nutritious Agar (Merck), following the 
Pour-plate method. The inoculated Petri dishes 
were incubated at 30ºC for 24 h. Colonies were 

counted after 12 and 24 h incubation. The values 
of viable spore concentrations were expressed in 
colony forming, units per milliliter of sample 
(CFU/mL). 
The larvicidal activity of the products obtained 
during the cultivation process were done through 
bioassays using larvae of 4th initial ínstar of the 
mosquito Aedes albopictus, according to the 
method proposed by Draft (1999). 
 
 
RESULTS AND DISCUSSION 
 
Figure 2 shows the results for the production of the 
bioinsecticide Bti in BP. 
The profile of the curves (Figure 2) was typical for 
this type of cultivation and similar to that observed 
by Passos (2000) who used the same 
microorganism and a similar cultivation medium. 
However, the final concentration of spores 
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observed in the BP process described here 
(5.8±0.3x107 CFU/mL) was two times higher than 
that obtained by Passos (2.7x107 CFU/mL). In a 
previous work, Berbert-Molina (1998) employing 
a synthetic cultivation medium composed of 

glucose, yeast extract, and inorganic salts had 
obtained a final concentration of spores up to 1.2 
x106 CFU/mL. The value was 48.3 times lower 
than that obtained in the present work.  

 

 
Figure 2 - Concentration of TSR (g/L) and logarithm of the concentration of spores (log Xe) 

against time in the process of growing batch BP. 
 
 
The positive effect of the complex medium (using 
bioproducts like soybean) for the cultivation of 
Bacillus was also observed by other authors 
(Montiel, 2001; Vidyarthi et al 2002). Montiel 
(2001) used 15g/L of soy bean flour and 5g/L of 
glucose and obtained 5.1x108 CFU/mL while 
Vidyarthi et al (2002), using a cultivation medium 
of hydrolyzed sludge from a sewage treatment 
plant obtained 1.8 x107 CFU/mL.  
Besides the effect of the composition of culture 
medium on the final concentration of spores, 
another strategy would change it to the type of 
process employed. Replacing the BP otherwise 
driving (fed-batch, or continuous secontinuous) 
usually has a higher cell concentration with higher 
productivity. Amin et al. (2008), develop a cost-
effective process for bioinsecticide production by 
B. thuringiensis. The process was designed as a 
two-stage process; a first stage of active growth, 
where glucose and other nutrients were adequately 
supplied to the growing cells over 12 h, followed 
by a second stage of 2 h for spore formation and 
toxin release. The authors obtained a high spore 
concentration of 2.31x1012 CFU/ml and a lowest 
LC50 (40.1 and 50.2 mg/L) against Egyptian cotton 
leafworm and Spodoptera littoralis, respectively.  

No information was found about the application of 
semicontinuous technique for the production of B. 
thuringiensis, which was the main purpose of the 
present work.  
Figure 3 shows the values of the spores 
concentration obtained through the four cuts 
performed in the SP process and in the BP process. 
According to Figure 3, the experiment SP60 
showed the highest final concentration of spores 
(Xef = 2.17x109 CFU/mL) and consequently, the 
highest productivity (7.2 x107 CFU/mL.h). The 
value of Xef obtained under this conditions was 
36% higher than that obtained for SP40 (1.43x109 
CFU/mL), 34% higher than that of SP20 (1.39x109 
CFU/mL) and 94% higher than that of SP80 
(1.24x108 CFU/mL). The discrepancy observed 
between the values of the SP60 and SP80 was 
expected due to the large cutting volume. The 
results of the experiment SP80 was close to those 
achieved in the batch experiment, which also 
showed a much lower concentration of spores 
compared to the other experiments. Compared to 
the batch process (BP), SP60 enabled an increase 
of 97% in the final concentration of spores. No 
values were found in literature for Bacillus 
thuringiensis in semicontinuous process.  
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Figure 3 - Average concentrations of spores Xe (CFU/mL) observed at the end of the period of 
maturation (bioreactor B2) from cuts made in bioreactor B1 from 80 to 20% of the 
work volume (SP80, SP60, SP40, SP20). The test BP presents the final concentration 
of spores in the batch process. The averages do not differ significantly among 
themselves for the test of Tukey in level of 5 % (p <0.05) 

 
 
Other types of production processes alternative to 
batch processes were evaluated by Kang et al., 
(1992) and by Mignone and Rossa (1993). Kang et 
al., (1992) employed a fed-batch process 
combined with a batch process during the stage of 
maturation of the spores with a maximum 
concentration of the spores (1.1x109 CFU/mL). 
The authors highlighted the importance of the 
batch process during the final stage for the 
production and maturation of the spores. But they 
did not determine the productivity and not even 
the values of toxicity of the products. Mignone and 

Rossa (1993), using a fed-batch process, obtained 
a maximum concentration of 5.3 x108 CFU/mL 
and reported a lower toxicity when this process 
was used in comparison to the batch process. 
However, toxicity values were not presented.  
The experiment SP60 was selected for further 
studies about the influence of dissolved oxygen on 
the potential of the produced bioinsecticides. 
Figure 4 shows the productivity observed in the 
cultures with and without aeration (bioreactor B2; 
Figure 1). 

 

 

 

Figure 4- Productivity of spores (CFU/mL.h) at the end of the sporulation phase in the experiment 
SP60, with aeration (A) and without aeration (B). Averages of the same letters do not 
differ significantly among themselves for the test of Tukey at the level of 5 % (p <0.05) 
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As shown in Figure 4, air supply was a very 
important factor in the production of spores in 
bioreactor B2, resulting in a 53.6% increase in 
sporulation, when compared to the experiment 
without aeration. Despite the highest productivity 
under aerated conditions, the toxicity was about 
four times higher under non-aerated conditions. In 
bioassays, the final product obtained under 
aeration presented a lethal concentration (LC50) of 
0.21 mg/L, while under non-aerated conditions, it 

was 0.05 mg/L. These results are important for the 
commercial production where the production of 
biomass is associated with toxicity and costs. 
Table 1 shows the LC50 of batch processes (BP), 
semicontinuous process (SP60), commercial 
product Vectobac AS and the values found by 
other authors: Maldonado-Blanco et al (2003) in 
continuous culture and Prabakaran et al (2007) in 
fed-batch culture.  

 
Table 1 - LC50 values of bioinsecticides obtained in batch process (BP), semi-continuous liquid culture (SP60), 
taking the commercial products Vectobac AS and others works.  

 BP SP60 Vectobac AS         Others works 
LC50 (mg/L) 0.83 0.21 0.019      0.2675* 14.02**  

* Maldonado-Blanco et al. (2003),  ** Prabakaran et al. (2007) 
 
 
Table 1 showed that the SP60 product 
concentration necessary to kill 50% of the target 
insect larvae within 24 h after its application was 
0.21 mg/L. This value presented greater degree of 
toxicity against mosquito larvae when compared to 
the other bioinsecticides, except to Vectobac AS. 
In accordance with the values of LC50 obtained it 
was possible to notice that the specific potential of 
the bioinsecticide produced without aeration 
(0.025 mg/1012CFU) was two times higher than 
that obtained with aeration (0.05 mg/1012CFU).  
The positive effect of the aeration on the final 
concentration of spores was supposed by Mignone 
and Rossa (1993). The authors conducted growth, 
sporulation and production of the delta-endotoxin 
by B. thuringiensis var. israelensis under the 
conditions of limitation and non-limitation of 
oxygen and concluded that the aeration was 
important to achieve high cell concentrations and 
high sporulation rates. The final concentration of 
spores obtained was 9.1x108 CFU/mL in the 
aerated process and 4.5x108 CFU/mL in the 
cultures with oxygen limitation. Regarding the 
production of delta-endotoxin, the authors 
concluded that under the conditions of oxygen 
limitation, the production was around 50% lower 
than the maximum productivity obtained under 
non-limiting conditions. This behavior in the 
production of the delta-endotoxin did not agree 
with the result obtained in this work.  
Maldonado-Blanco et al. (2003), analysed B. 
thuringiensis israelensis 225 with regard to the 
influence of the oxygen flow combined with the 
 
 

frequency of agitation on the productivity and 
toxicity of Bti. The authors obtained better results 
when a combination of air flow and high agitation 
was applied because this did not allow the 
concentration of dissolved oxygen to fall below 
26%, thereby not harming the production. 
Increased productivity and a lethal concentration 
(LC50) of 0.2675 mg/L were achieved under non-
limitating oxygen conditions. According to the 
authors high concentrations of cells or spores did 
not guarantee high concentrations of toxin. 
Therefore, the determination of the biological 
activity should be the principal parameter to 
optimize the production of the bioinsecticide. 
Sarrafzadeh and Navarro (2005) observed the 
highest concentration of spores being 100% 
mature under anaerobic conditions for Bacillus 
thuringiensis H14. But no larvicidal activity 
against Culex pipiens was reported. In the aerated 
process less mature spores were produced, but 
high toxicity was obtained against C. pipiens 
which showed that the formation of the spores and 
production of biotoxin occurred under different 
conditions. 
Together with the supply of oxygen, other factors 
also influence the production of biotoxin, such as 
the source of carbon and nitrogen, the carbon-
nitrogen ratio, the pH and the temperature.  It is 
important to understand the correlation of gene 
expression of the biotoxin, the physiology of the 
microorganism and the cultivation parameters to 
obtain high concentrations of toxin.  
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CONCLUSIONS 
 
The experiments performed in semicontinuous 
combined process presented higher production of 
spores than those carried out in batch process. 
Among those, the experiment conducted with 
cutting volume of 60% showed the highest 
concentrations for spores (2.17x109 CFU/mL) and 
productivity (7.2x107 CFU/mL.h). These values 
were 98% higher than those obtained in the batch 
process. The oxygen supply showed to be essential 
for growth and sporulation of B. thuringiensis var. 
israelensis in submerged cultivation. That was not 
observed with regard to the toxicity of the product. 
The LC50 for the experiments conducted with 
aeration was 0.21 mg/L, while in the case of the 
non aerated process this value was 0.05 mg/L. The 
specific capability of the bioinsecticide produced 
without aeration (0.025 mg/10-12 CFU) was two 
times higher than that achieved with aeration (0.05 
mg/1012 CFU).  
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