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Abstract. Sugarcane bagasse is a renewable resource that can be used to produce biopesticide
for the control of mosquito vectors. In the present study, we demonstrated that cane processed
bagasse could be used to produce Bacillus thuringiensis serovar israelensis (Bti) for control
of mosquito vectors viz: Culex quinquefasciatus, Anopheles stephensi and Aedes aegypti.
Biochemical studies indicated that the Bti spore/crystal toxins produced from the test culture
medium (Bagasse, BG + Soybean, SB) are higher than that from the conventional medium
(Nutrient Yeast Extract Salt Medium, NYSM). The bacteria produced in these media (NYSM,
BG, SB, BG+SB) were bioassayed against the mosquito species and the toxic effect was
found to be effective. Cost-effective analysis indicates that the use of BG and SB, as bacterial
culture medium, is successful and economical, for production of this mosquito pathogenic

bacillus.

INTRODUCTION

It is known that in public health aspect,
mosquito vectors cause great trouble to
human beings and pose threat to human
health, as vectors of diseases like filariasis,
malaria, dengue, Japanese encephalitis,
chikungunya, West Nile fever etc. The global
population at risk of lymphatic filariasis
is estimated to be 1307 million people,
transmitted primarily by Culex sp., Mansonia
sp and to some extent by Anopheles sp (WHO,
2006). About 50 million people are infected
every year by dengue viruses transmitted by
Aedes sp. with about 24,000 deaths (Kroeger
et al., 2006). Nearly five hundred million
people are estimated to be affected every
year by malaria, transmitted by Anopheles
sp. with more than two million deaths (Suh et
al., 2004). Hence, vector control has a direct
impact on the reduction of mosquito-borne
diseases. Several techniques have been
adopted to control these dipteran vectors to
reduce vector-borne diseases. Synthetic
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insecticides have been effectively used
during the past several decades for mosquito
control operations, but the chemical
approach has several demerits, such as the
development of insecticide resistance,
environmental pollution, bioamplification of
organochlorines in food chain and harmful
effects to beneficial insects. Therefore, there
has been an increased attention, in recent
years, in the use of microbial agents like
bacterial agents in vector control
programmes.

Microbial organism like Bacillus
thuringiensis subsp. israelensis (Bti) being
highly toxic to dipteran larvae, opened up the
possibility of using this as bio-larvicide in
mosquito control programmes (de Barjac &
Larget-Thiery, 1984; Goldberg & Margalit,
1997). This mosquito pathogenic bacillus
has some advantages over conventional
insecticides because it has a narrower host
spectrum and thus is safer to non-target
organisms (including humans) and is more
environmental friendly. Physiologically, the



Bti synthesizes intracellular crystal
inclusions by sporulation that contains
multiple protein components of 134, 125, 67,
and 27 kilo Daltons (Sekar, 1986; Hofte &
Whitely, 1989; Federici et al., 1990; Wirth et
al., 1998). These proteins have been cloned
individually and are toxic to mosquito larvae
(Sekar & Carlton, 1985; Delecluse et al., 1991,
1993).

Despite the fact that the high efficacy and
specificity of Bti is valuable in controlling
mosquitoes, the cost to grow and produce
Bti, through a highly refined laboratory
bacterial culture medium, is exorbitant. Since
the cost of raw materials for Bt: production
comprises > 70% of the overall production
cost, the raw material cost is an important
factor to achieve reasonable production cost
of Bti (Ejiofer, 1991). As aresult, selection of
growth medium or raw material is significant
for commercial production of this bio-
pesticide. So as to encourage the commercial
production of biopesticide, utilization of less
expensive raw material is worthwhile
(Mummigatti & Raghunathan, 1990). Several
raw materials (industrial and agricultural by-
products) have been tested successfully in
mosquito control program, as alternative
culture media, for the production of Bti
(Salama et al., 1983; Obeta & Okafor, 1984;
Lee & Seleena, 1991; Ventosilla & Guerra,
1997; Kumar et al., 2000; Poopathi et al.,
2002; Poopathi, 2005; Poopathi & Abidha,
2008).

In tropical countries of the world,
sugarcane (Saccharum officinarum)
represents a major crop, because of the
increasing demand for sugar in the last
century, large areas in the tropical and sub-
tropical countries all around the world were
allotted for sugarcane crops. Low levels of
maintenance and good productivity made
sugarcane a commercially attractive crop
for farmers in these regions. The major
product of sugarcane from sugar processing
industries is sugar juice by extraction and
the main waste-product is considered to be
the bagasse which is an environmental
menace (Collier & Arora, 1994; Zanzi et al.,
1995; Rezende et al., 2011). Recent
approaches are in vogue, for utilizing bulk
bagasse waste, which includes production of
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animal feed, enzymes, pharmaceutical and
paper (Rainey, 2009; Maed et al., 2011).
“Bagasse” is an extremely inhomogeneous
material comprising around 30-40% of
“pith” fibre, which is derived from the core
part of the plant sugarcane and is mainly
parenchyma and bast, rind, or stem fibre,
which comprises the balance and is largely
derived from sclerenchyma (Rodriguez-
Vazquez et al., 1992). The chemical
composition of bagasse comprises, cellulose
45-556%, hemi-cellulose 20-25%, lignin 18-24%
and waxes <1% (Pandey et al., 2000; Covey
et al., 2006).

In the present study, we have successfully
developed the agro-industrial waste i.e.
bagasse (sugarcane waste), as a suitable
substrate for the production of bacteria (Bt7).
A judicious combination of bagasse (BG) with
soybean (SB) to yield an enhanced level of
bacterial toxin, than the conventional culture
medium (Nutrient Yeast extract Salt Medium,
NYSM) was examined. This combination is
vital for the reason that, the carbon and
nitrogen (N:C) sources are essential for the
proliferation of bacteria (Guo et al., 2010;
Thomas et al., 2010). BG contains more of
carbon whereas soybean contains more of
nitrogen as they are the key components for
efficient bacterial proliferation. Therefore,
the objectives of the present paper are: (1) to
demonstrate that a combination of BG + SB
could be used as a cheap source of nutrients
to produce Bti as a biopesticide, (2) to
compare the mosquito toxicity levels of Bt
produced from the test medium, and (3) to
assess the cost-effectiveness of the test
medium.

MATERIALS AND METHODS

Bacterial strains

Bacillus thuringiensis serovar israelensis
(IPS-82) (15,000 ITU mg! against Aedes
aegypti) was provided by Dr. J.-F. Charles,
Institute Pasteur, Paris, France.

Bacterial culture medium

The conventional culture broth (Nutrient
Yeast extract Salt Medium, NYSM), used as
reference medium in the present study, was



prepared by mixing (g I'Y) glucose, 5, peptone,
5, NaCl, 5, beef extract, 3, yeast extract, 0.5,
and mineral salt (mole I'') MgCl,, 0.1 CaCl,,
0.07, MnCls, 0.008, (pH 7.5). Sugarcane waste
i.e. bagasse (BG) was collected from sugar
processing industries, air-dried and stored at
room temperature (30°C). Soybean powder
received from local area was used as
supporting agent for bacterial growth.
Bagasse (BG) was boiled (1%) in
ordinary tap water for 15 minutes. After
cooling, the extract was carefully separated.
The soybean (SB) powder was mixed
individually with tap water (1%). Both the
extract of BG and SB were dispensed
separately into Erlenmeyer flasks (capacity:
2 liter) for culturing Bti. The plain medium
of respective samples was used as control
(without Bti inoculation). For combination
study the BG extract was combined with SB
(1:1) and dispensed separately into flasks for
culturing Bti. The reference medium (NYSM)
was also maintained along with. All the
bacterial culture media were pH adjusted
(7.5) and autoclaved (at 120°C/201b /in2/ 20
min). Adequate replicates from respective
culture media (3 each) were maintained.

Bacterial inoculation

Bti lyophilized primary powder (5 mg) was
inoculated separately in NYSM, BG, SB and
BG+SB media (2 ml each) and allowed to
grow for 12 h at 30°C as seed culture. A known
volume of these seed cultures (50 pl each)
was inoculated into their respective culture
media (250 ml). The cultures were allowed
to grow under constant agitation (120 rev /
min) at room temperature (30°C) in an orbital
shaker. Culture samples (2.5 ml) were drawn
from each culture medium at 6 h intervals
from 0 to 72 h. The pH and culture turbidity
values were measured using a digital pH
meter (Genei, India) and SP75 UV-VIS
spectrophotometer (Sanyo, UK) respectively.
These bacteria were also examined micro-
scopically (Leica, Germany) for occurrence
of Bti spore/crystal complex.

Bacterial spore/crystal toxin separation
The spore/crystal toxin of Bti in the culture
media, were harvested by centrifugation
process (10,000 x g / 30 min / 4°C) using

SORVALL Evolution RC super speed
centrifuge (Kendro, USA), and the culture
supernatants were discarded (Payne &
Davidson, 1984). The pellets (cell mass)
containing spore/crystal complex were
thoroughly washed by centrifugation with
0.1 M NacCl and sterile double distilled water
(10,000x g/ 15 min/4°C). This purified spore/
crystal complex (biomass) was weighed and
at the end, the spore/crystal toxin complex
was subjected to treatment with protease
inhibitor (phenyl methyl sulphonyl fluoride,
1mM, Sigma) re-suspended in distilled water
and stored at — 20°C, until further use
(Poopathi et al., 2002; Poopathi & Abidha,
2008).

Protein estimation

The intensity of protein in the samples is an
estimate of presence of Bti toxins (Lecadet
et al., 1999; Thiery et al., 1992), which was
determined using bovine serum albumin
(BSA) as the standard (Lowry et al., 1951).
A small quantity of the Bti spore/crystal
complex was centrifuged (10,000 x g / 30
min / 4°C) and the pellets were solubilized
in alkaline buffer (NaHCOj;, 50 mM,
dithiothreitol, 10 mM, pH 10) and incubated
for 3 h at 30°C. After centrifugation and
extraction, the solubilized protein was
quantified using UV-VIS spectrophotometer
(optical density at 620 nm).

SDS-PAGE

A total of 10 pg protein equivalent samples
(Bti spores/crystals) from test and reference
media were mixed with equal volumes of
sample buffer (-mercaptoethanol, 0.6M and
SDS, 3%), boiled for 5 minutes and separated
by electrophoresis on 10% sodium dodecyl
sulphate- polyacrylamide gel (SDS-PAGE)
unit (Genei, India) (Lammeli, 1970). The
protein bands were stained with Coommasie
Brilliant Blue R-250 and visualized.

Toxicity assay (Bioassays)

Larvicidal activity of Bti samples were tested
against early third instar larvae of Culex
quinquefasciatus, Anopheles stephensi and
Aedes aegypti. These larvae were earlier
indented from Division of Mosquito Rearing
and Colonization (R & C), Vector Control
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Research Centre, Puducherry, India.
Bioassays for Bti were carried out as per
WHO recommendations (WHO, 1985). A
stock Bti solution was prepared (100 mg I'1)
and homogenized, using glass beads, in a
mechanical shaker. Up to seven dilutions from
stock (2-fold) were made to obtain dosages
ranging from (mg11) 0.001 to 0.05. Bioassays
were conducted in disposable wax coated
paper cups (3560 ml capacity). Test media
were prepared by adding appropriate
volumes of Bti in 300 ml of tap water, into
which, 25 early third instar larvae from each
of the three mosquito species were
introduced separately. Food supplement
(dog biscuit and yeast mixture, 2:1) was
not given to Bti treated larvae, as per WHO
recommendation. The bioassays for all three
larval species of mosquitoes were replicated
three times simultaneously for each toxin
dose. The experiments were repeated thrice
on different days. Bioassays were conducted
at room temperature (30°C) and larval
mortality was monitored after 24 h. Control
mortality was corrected (Abbott, 1925).
Moribund larvae (if any) in the replicates
were counted as dead.

Statistical analysis

The growth and sporulation data of Bi?
cultured from the test (BG, SB and BG+SB)
and control (NYSM) medium were subjected
to students ‘t’ test, to analyze the significance
of difference (P<0.05). The LCjsy and LCyy
values were calculated by regression
analysis using SPSS software package
ASSAY.

RESULTS

Growth pattern and biomass production
The results obtained from the studies on the
growth pattern and the rate of spore
production of Bti in the experimental (BG,
SB and BG+SB) and in the reference culture
media (NYSM) are shown in Fig. 1. In all the
culture media, after a lag phase of about an
hour, there was a rapid multiplication of
bacterial cells and maturation of spores. As
the culture time increased, there was a
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corresponding increase in the culture density,
as indicated by the optical density at 650 nm
which reached an OD of 1.0 to 1.4 (BG+SB).
This multiplication process lasted until 48th
hour, followed by lysis of the cells, which
released the toxins into the culture media.
The growth and formation of spore/crystal
toxins was found to be high at 72 hours. This
indicated that the overall growth and
production of Bti spore/crystal toxins in the
experimental medium (BG+SB) was higher
than NYSM, while BG and SB were lower than
NYSM.

Further, it is specific to mention that, in
all the three experimental culture media,
an appreciable amount of spores/crystal
toxins were released between 60 and 72
hours of peak growth period (Fig. 1).
Microscopic observation showed the
complete proliferation of bacteria, (spore/
crystal complexes), which indicated the full
utilization of carbon and nitrogenous sources
present in the experimental media (Figure
not shown). The growth characteristics
(optical density at 660nm) showed that the
range for NYSM was 0.79 to 1.13, on the other
hand, for the combination medium (BG+SB),
it was 0.95 to 1.43, which indicated that the
latter had the maximum bacterial growth rate
(P<0.05). The growth rate of SB was very
close to that of NYSM (P>0.05), whereas, BG
alone showed a minimum growth. This is due
to the lesser degree of sporulation, whereas,
a combination strategy of BG with SB
exhibited a higher growth rate, in comparison
with all other culture media. The biomass
production, an indicator of bacterial growth,
was also high for the combination medium
(43.6 g I'Y than for NYSM (27.5 g I') (Fig. 2).

Toxin concentration

Quantitative estimation of protein from
bacterial samples, an indicator of toxin
production was conducted by standard
methods. The toxin (protein) concentration
of Bti from various media, exhibited the
following trend, viz., BG+SB>NYSM>SB>BG
(Fig. 3). This showed that the combination
medium, BG+SB had the optimum spore/
crystal toxin production (1.77g I'1). Further,
the overall growth and production of toxins
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Figure 1. Growth pattern of Bti in different culture media
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Figure 2. Biomass production of Bti produced from different culture media
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Figure 3. Dynamics of mosquitocidal toxin produced from Bi?

in the SB medium was statistically similar to
that of NYSM, as the mean values were not
significantly different (P>0.05).

Protein profiles

The protein profiles of bacterial samples
were estimated by SDS-PAGE analysis, which
is the standard technique for qualitative
determination of proteins. In the present
study, the protein profile of Bti spore/crystal
complex produced from the new (BG+SB)
and the reference culture medium (NYSM)
were analyzed by 10% SDS-PAGE, using a
small quantity of bacterial sample (10 pg)
and the results were compared (Fig. 4). The
major polypeptides present in the parasporal
crystal proteins of Bti (Bti: 134, 125, 67 and
27 kDa proteins) produced from the test
and reference media (BG+SB and NYSM
respectively) were clear, conspicuous and
identical. The protein profiles, an indicator
of Bti toxins, were consistent with their
larvicidal activity in the laboratory bioassays.

Lanes: A=BG+SB; B=NYSM; M=Protein marker

Figure 4. SDS-PAGE analysis of Bti toxins
isolated from experimental and control media
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Table 1. Toxicity of Bacillus thuringiensis serovar israelensis (IPS-82) produced from various media against
mosquito larvae

Mosquito species Intercept  Slope + SE LCsy (mg I'Y) LCyy (mg I'Y) ¥2 (df)

Culex quinquefasciatus

A 9.08 0.68 = 0.22  0.004 (0.002-0.006)" 0.024 (0.012-0.047) 7.53 (6)
B 9.16 0.69 £ 0.23 0.003 (0.002-0.004) 0.021 (0.009-0.031) 8.11 (6)
C 9.11 0.70 £ 0.20  0.004 (0.002-0.048) 0.023 (0.015-0.048)  2.56 (6)
D 9.22 0.71 £ 0.20  0.003 (0.002-0.04) 0.019 (0.015-0.031) 2.0 (6)
Anopheles stephensi
A 6.70 0.70 £ 0.19 0.062 (0.052-0.075)  0.353 (0.253-0.93) 2.58 (6)
B 7.02 0.72 £ 0.21 0.06 (0.047-0.072) 0.38 (0.28-0.69) 1.98 (6)
C 7.13 0.75 £ 0.25 0.08 (0.05-0.085) 0.358 (0.25-0.91) 2.01 (6)
D 7.19 0.76 £ 0.19 0.07 (0.04-0.078) 0.36 (0.23-0.84) 2.30 (6)
Aedes aegypti
A 7.92 0.59 £ 0.27 0.096 (0.058-1.12) 2.15 (1.41-3.49) 2.33 (6)
B 5.02 0.60 £ 0.19 0.095 (0.051-1.22) 2.98 (1.33-3.50) 2.36 (6)
C 5.16 0.74 £ 0.18 0.88 (0.045-1.20) 2.56 (1.26-5.03) 2.48 (6)
D 4.57 0.81 £ 0.18 0.85 (0.054-1.26) 2.41 (1.46-4.60) 2.568 (6)

Bacillus thuringiensis serovar israelensis culture medium: A = Bagasse (BG); B = Soybean (SB); C = GB+SB; D = NYSM.
"95% Fiducial limits of lower and upper at LCs, and LCy levels.

Toxicity assays mosquitocidal bacteria. The entomotoxicity
Protein concentration in the sample is an  levels of Bti (LCsy and LCqy) between the test
estimate of toxin production of Bti. Larval and reference culture media in the present
toxicity assays (bioassays) with mosquito study were consistent with each other and
larvae were performed with Bti toxins  within the standard toxicity limit. It is
produced from the test and reference culture ~ understood that, the toxicity levels (LCs, and
media. Laboratory reared mosquito larval  LCy) of Bti using several conventional media
species of Cx. quinquefasciatus, An. (Luria Bertani, Nutrient Broth, Poly-medium,
stephensi and Ae. aegypti were used for = MBS-medium etc) corroborated with the
bioassays. The comparative toxicities of Bti recommended range of lethal concentration
produced from the culture media were shown  levels, as each bacterial strain has its own
in Table 1. The LCj, and LCy, values for Bt  relative potency with specific titre values
from NYSM against Cx. quinquefasciatus compared with the Bti standard IPS-82
were 0.0030 and 0.019 (mg11). These toxicity ~ possessing 15,000 ITU/mg against Ae. aegypti.
values were statistically similar to those of Cost - analysis studies indicated that the
Bti produced from all three experimental quantity of bagasse and soybean needed to
media (BG+SB, BG, SB), since, fiducial limits ~ prepare one liter of culture medium was 10 g
(95%) were overlapping. Similar toxic effects  respectively, which is of negligible value, as
were seen with Bti from test and reference  they are agro-by products. On the other hand,
media, against other mosquito species (An. preparation of one liter of reference culture
stephenst and Ae. aegyplti). medium (NYSM), involves a cost of US $4.26.

Thus this new combination medium (BG+SB)

is economical, owing to its easy availability

DISCUSSION globally as an environmental, bio-organic
and agro-industrial waste.
The above results, revealed that, the new It is known that industrial biotechnology

combination medium (BG+SB), resulted in  offers, potential opportunities for economic
good bacterial growth, sporulation, toxinand  utilization of agro-industrial residues like
biomass production, which indicated that = sugarcane bagasse which is the major waste
they are suitable substrates for the growth of  of the sugarcane industry. It contains 45-55%,
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hemicellulose 20-25%, lignin 18-24% and
waxes <1% (Pandey et al., 2000). Due to its
abuntant availability, it can serve as an ideal
substrate for microbial processes for the
production of value-added products. Attempts
have been made to produce protein enriched
animal feed, enzymes, amino acids, organic
acids and compounds of pharmaceutical
importance from bagasse substrate protein
(Maed et al., 2011). Application of solid state
fermentation technology has recently been
reported as an attractive method for bio-
conversion of bagasse (Bhattacharya et al.,
2011). In the present paper, emphasis has
been given on development on the production
of biopesticide from extract of bagasse for
the control of mosquito vectors in public
health programme.

Considering the fact that mosquito-borne
diseases continue to be a grave global, public
health problem, mosquito control is an
essential component of disease control which
mainly relied on the use of chemical
insecticides, inspite of its toxicity to non-
target organisms and resistance develop-
ment. The discovery of biopesticides (Bt7)
over the conventional insecticides
revolutionized the mosquito eradication
programmes. These biopesticides could also
be used in those countries, where synthetic
insecticides could not be used against
mosquitoes. The high cost of conventional
media components to produce these
biopesticide on a large scale, makes it
imperative to utilize cheap and commonly
available biological waste materials, through
simple fermentation technology.

In the past, many Bti formulations
produced from conventional media (LB, NB,
NYSM, MBS, BATS, UG and HCT etc.) have
been used for mosquito control (de Barjac &
Lecadet, 1976; Kalfon et al., 1983; Yousten et
al., 1985). As most of them were expensive,
this initiated the utilization of cost-effective
formulations for biopesticide production.
Reports indicated that Bt was cultured on
formulated media from seeds of legumes
(groundnut cake, cow pea of white and black
varieties, bambara beans), dried cow blood
and mineral salts (Saalma et al., 1983; Obeta
& Okafor, 1984). Some other authors have
made use of potatoes, coconuts, fishmeal,
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cornsteep liquor and chicken feathers for
the production of bio-pesticides (Bacillus
sphaericus and Bti) (Foda et al., 1983;
Salama et al., 1983; Ventosilla & Guerra,
1997; Poopathi et al., 2002; Poopathi &
Abidha, 2008; Kuppusamy, 1990, Lee &
Seleena, 1991).

The present fermentation technology
where we employed agricultural wastes as
substratum for mosquitocidal bacteria
production indicated that, the combination
medium of BG+SB had a higher growth rate,
sporulation, toxin and biomass production
than the reference medium (NYSM) and it was
in the order: BG+SB>NYSM=SB>BG.
Quantitative estimation of protein from
bacterial sample, an indicator of toxin
production was done by standard method
(Lowery et al., 1951) and has been
recommended by several researchers
(Lecadet et al., 1999; Thiery et al., 1992).
SDS-PAGE analysis, the standard technique,
for qualitative determination of proteins, was
followed to visualize the protein profiles of
bacterial sample (Tinelli & Bourgouin, 1982;
Nicolas & Dossou-Yovo, 1987; Rabinovitch et
al., 1995; Silva-Filha et al., 1999). The major
polypeptides present in the parasporal
crystal proteins of Bti, from the test and
reference media were identical.

Toxicity assays against disease
transmitting mosquito vectors (Cux.
quinquefasciatus, An. stephenst and Ae.
aegypli) showed that, the bacterial toxins,
produced from all the culture media were
effective against the mosquito larvae and
their lethal values were within the limit of
specific toxicity range (LCsy and LCy). These
results were in accordance with the earlier
report (WHO,1985). The entomotoxicity
levels (LCsy and LCgqy) of Bti from other
conventional media (Luria Bertani, Nutrient
Broth, Poly medium, MBS-medium etc), also
fall within the lethal dose range (Kalfon et
al., 1983; Bourgoung et al., 1984; Charles et
al., 1988; Schenkel et al., 1992; Manasherob
et al., 1996; Thiery et al., 1997; Kwa et al.,
1998; Skovmand et al., 1998). The cost of Bti
as biopesticide production depends on many
factors, however, the raw material cost is one
of the most important criteria which
comprises >70 % of the overall production



cost (Ejiofer, 1991). Therefore, selection of
growth medium or raw material is critical
for economical production of these bio-
pesticides which depends on the utilization
of less expensive raw material (Mummigotti
& Raghunathan, 1990). Further, to ensure the
quality control in the present study, necessary
precautionary measures were adopted as per
recommendations (Burges et al., 1982).

The findings from the present study
permit us to conclude that the combination
of bagasse and soybean are suitable
substrates, for the production of mosquito
pathogenic bacillus (Bti). Consequently, this
cost—effective technology is more than ever
useful, in continents, where mosquito control
programmes are ongoing.
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