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Abstract: Tribolium castaneum has a long association with human stored food products. The red flour beetle
may elicit an allergic response but is not known to spread disease. Bacillus thuringiensisis (B.t.) a member of
a group of crystalliferous spore forming aerobic, Gram-positive bacteria of the family Bacillaceae. Cry proteins
produced by B.t. are toxic and an alternative to synthetic insecticides that often have unintended harmful
effects on non target species. It is widely used when a manufactured insecticide cannot be used because of
possible health side effects or allergies. Cinnamon is used as an insect repellent. In this research, an individual
and combined biotoxicity assay was performed in which Bacillus thuringiensiswas grown on its specific media
by microbial techniques. The 2 instar larvae and adults of T. castaneum was used in bioassay and then thend

effectiveness of the Cinnamomum aromaticum individually and combined with Bacillus thuringiensis against
Tribolium castaneum was checked. The LC  value of Cinnamon aromaticum was 0.4g/g against the larvae of50

T. casteneum. There is wide increase in the mortality of insects when cinnamon combined with three isolates
of B.t. ( shaf1, sd1, sid1). The Biotoxicity assay data was analyzed by probit analysis programme. The mortality
rate and LC were different because the small size of larvae, it showed higher mortality than that of adults.50

Key words: B.t. Isolates  Assays  LC50

INTRODUCTION Diptera). B.t. is both “natural” and “artificial” with respect

Recent study is about the use of microbial pesticide achieve insect control[2].
along with a botanical spice to control stored grain pests. The encoding genes for Cry proteins are cyt and cry
Bacillus thuringiensis belongs to a group of gram- genes. These are connected with plasmids which has high
positive  bacteria,  which is being developed as a molecular mass [3].These Cry genes divided into four
microbial pesticide  due  to  its  usage  in  controlling classes named CryI, CryII, CryIII and CryIV. Cyt genes
insects, belonging to a variety of different orders[1]. have been classified into two classes[4].There are two
Entomopathogenic spore formation is a specific character common groups of insecticidal crystal proteins, that is,
of B.t. that differentiates it from other Bacillus species. Cry (crystal deltaendotoxins) and Cyt (cytolysins). B.t.

An insecticidal crystal protein is produced in each containing insecticides are very effective for insect
mother spore cell of B.t. which releases the spores as well control. When the target pests ingest a B.t. crystal, then
as toxin crystals upon bursting. The insecticidal activity the toxins start toxicity in the gut of the insect resulting in
of B.t. is actually based on crystal proteins (known as its death [5]. Spore and toxin crystal concentrates of B.t.
Cry-toxins or endotoxins). Each B.t. strain is specific for are proved to be larvicidal as this mixture causes
producing individual Cry proteins which have different aberration in the intestinal wall of the larvae. 
killing effects on different pests. Now-a-days, B.t. toxins In 1901, the bacterium Bacillus thuringiensis (B.t.)
are commercially produced by facilitating these for right was first discovered by Shigetane Ishiwata and after ten
internal sporulation and for production of endotoxins. On years it was rediscovered by Berliner. This B.t. was
the basis of genetic diversity in different strains of B.t. isolated from infected larvae of Anagasta kuehniella and
specific cry toxins are produced which are toxic for target this discovery led to the establishment of microbial
insect spectra (orders Lepidoptera, Coleoptera and insecticide or pesticide [6]. 

to its occurrence. Artificial growth of B.t. is established to
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The habitat of red flour beetle are moderate areas, it Microbiological Techniques for Growth of B.t.:
will endure in the winter where central heat present or in
protected places [7]. In the United States, they are mostly
found in the southern states. The color of this beetle is
reddish-brown and a three-segmented club has antenna
end [8]. It has mastication mouthpart so they never bite.
This beetle may cause hypersensitivity [9]. T. castaneum
is a very prolific species. It breeds in damaged grains,
flour and high moisture wheat kernels etc. [10]. Female,
adult beetles each lay 300-400 eggs in flour. Eggs are
minute in magnitude and colorless, stick firmly to an
object like food material. Head of larvae are golden in
color, wiry and slender, creamy, in color with an extent of
one forth edge. Larvae possess two pierces casting at the
previous stern at the remains fragment and six legs. Pupae
are colorless to fawn [11]. 

Cinnamon is commonly used for many purposes. In
the American continent, cinnamon used for many
diseases treatment like stomach problems, skin diseases,
allergic responses [12]. Cinnamon is used because of its
antioxidant activity. It is helpful against essential
destruction to cell membranes [13- 15]. Studies show that
essential oil of cinnamon also has ability to kill the
microbes. Due to these characteristics it is widely used to
increase the range of foods. It is highly repulsive for
insects. Cinnamon can be used as alternative of
insecticides and it reduce the allergic responses.

The present study was designed to check the
combined  insecticidal  effect  of  cinnamon  powder, on
the three Bacillus thuringiensis isolates efficacy in
Tribolium castaneum. The insecticidal effect was checked
individually as well as combined on the Tribolium
castaneum larvae and adults. The LC  value i.e. lethal50

concentration of cinnamon powder was also calculated
when half of the insect were dead to check the mortality
rate in larvae and adults.

MATERIALS AND METHODS

Rearing of Insect: Rearing of T. castaneum was done by
collecting adults from wheat flour, dry fruits, cereals, rice,
semolina and so forth. These gathered adults were then
presented in glass jars of 300 ml capacity. Each jar
wasfilled  1/4  with  sterilized  mixture  of  diet  consisting
of  90%semolina  and 10% yeast extract. Fifty adults of
this beetle were introduced in each jar. Every third day,
new diet was added to obtain enough larvae for
experimentation. The larvae were reared at 30±1°C and
60±5% relative humidity. The 2 instar larvae and newly
emerged adults were collected and used in bioassays.

Preparation     of     T3     Media:     Three      isolates of
B. thuringiensis, Shaf1, Sid1, Sd1, were grown on T3
media with in petri plates. The composition of T3 medium
is 1.5g yeast extract, 3g of tryptone, 2g of tryptose, 15g of
agar/liter, 0.005g MnCl .2H O and 2.5ml of 1M potassium2 2

phosphate buffer (pH: 6.9). The mentioned quantities of
tryptone, tryptose, yeast extract, MnCl and potassium2

phosphate buffer were dissolved in distilled water using
a magnetic stirrer. At the end, agar was added without
shaking. The pH of media was adjusted and checked with
the help of pH meter. Mouth of the flask containing media
was closed with aluminum foil or tightly plugged with
cotton plug.

Sterilization of Media and Apparatus: All the glass wares
including, petridishes, flasks, beakers and pipettes etc.
were sterilized at 121°C for 20 minutes in an autoclave.
Media was also sterilized at 121°C for 20 minutes in
autoclave. For complete sterilized environment air laminar
flow hood was used.

Pouring   of    Media:  Sterilized    media   was  poured
into   the   petriplates,   by   filling   less   than   half  of
each  plate.  All was done in the laminar flow hood to
avoid the contamination. The media was allowed to
solidify at room temperature. Then solidify plates were
kept in incubator at 37°C overnight to check the
contamination.

Streaking of Plates: Each petriplate was labeled on the
name of B.t. isolate such as Shaf1, Sid1 and Sd1. Then an
inoculating loop was taken and sterilized by dipping in
alcohol and then in flame until it became red hot. After
that it was allowed to cool and a colony from bacterial
culture was picked and streaked in a zigzag manner on the
solidify media. Then the plates were kept in incubator at
30°C for 72 hours.

Bacterial Growth on Plates and Collection  of  Pellet:
After three days, plates were taken out and bacterial
growth was checked. The growth of B.t. was collected
with the help of inoculating loop and distilled water. It
was stored in falcon tubes which were also labeled and
placed in freezer. B. thuringiensis stored in falcon tubes
was then centrifuged at 3000 rpm for 10 minutes. To
obtain pure pellets three times washing was given. The
resulting pellets of B.t. isolates were then ready to be
used in insect bioassays.
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Preparation of Glycerol Stock: Glycerol stock was made and 0.09g Sid1 B.t., as along with 1 gram of diet. 20 larvae
for the future use. For the preparation of this stock 0.5 ml were introduced in each vial. Total 60 larvae were used in
of bacterial culture of all three isolates of B.t. and 300 ìl each combined concentration bioassay. Likewise second
glycerol was added in each sterile labeled eppendorf concentration was made 0.3g cinnamon powder, 0.23g
separately and mixed them well by vortexing. These tubes Shaf1 B.t., 0.19g Sd1 B.t. and 0.19g Sid 1 B.t. in 1gm diet
were then stored at -20°C.For confirmation of B. and third concentration was 0.6g cinnamon powder, 0.45g
thuringiensis, Endospore staining and Gram staining as Shaf1 B.t., 0.37g Sd1 B.t. and 0.37g Sid 1 were mixed in
well as biochemical tests like starch hydrolysis were 1gm of diet. For each combined concentration, the
performed for the B.t. isolates[16,17]. bioassay was carried out for larvae. The bioassay was

Combined B.t. Bioassay: The concentrations of B.t. every 24 hours for seven days. The combined %age
isolate of Shaf1 were adjusted like 0.11g, 0.23g and 0.45g
and concentration of B.t. of Sd1 were adjusted like 0.09g,
0.19g, 0.37g and concentration of B.t. of Sid 1 were
adjusted like 0.09g, 0.19g and 0.37g, for larvae. Three
different combined concentrations were prepared in
separate glass vials like first concentration was 0.11g
Shaf1 B.t., 0.09g Sd1 B.t. and 0.09g Sid1 mixed them with
per gram diet i.e. 0.8 gram semolina and 0.2 gram of yeast
extract. These concentrations were added in glass vials
and introduced 20 second instar larvae in each vial
separately.

Likewise second combination of B.t. isolates was
made 0.23g Shaf1 B.t, 0.19g Sd1 B.t. and 0.19g Sid1 B.t.
mixed them with per gram diet i.e. 0.8 gram semolina and
0.2 gram of yeast extract. These concentrations were
added in glass vials and introduced 20 second instar
larvae in each vial separately. 20 larvae were introduced in
each vial and third combined concentration was 0.45g
Shaf1 B.t., 0.37g Sd1 B.t. and 0.37g Sid1 B.t. mixed in 1g
diet. For each combined concentration the bioassay was In bioassay, individual bioassays as well as combined
carried out for larvae. bioassays were carried out to check the bio-toxicological

The concentrations of Shaf1 B.t. isolates selected for effect of cinnamon powder, for second instar larvae and
adult bioassay was (0.13, 0.10 and 0.16g) and of Sd1 was newly emerged adults of T. castaneum.
(0.26, 0.20 and 0.32g) and Sid1 was (0.53, 0.40 and 0.62g).
Mixed the first concentrations of all the B.t. isolates Cinnamon Powder: Cinnamon powder, cinamomum
(Shaf1, Sd1 and Sid1) respectively. Similarly second and aromaticum, has proved to be toxic against Tribolium
third concentration was made. casteneum larvae. The percentage mortality after first day

B.t. showed its effectiveness or toxicity in three days for 0.15g/g was 8.3%. Then was 8.3, 6.6, 5, 1.6, 0 and 1.6
and results were noted for seven days so the mortality of for 2 , 3 , 4 , 5 , 6  and 7  day respectively. The
larvae and adults was observed and percentage mortality percentage mortality after first day for 0.3 g/g was 15.
for each day was calculated by using percentage formula. Then was 13.3, 11.6, 6.6, 5, 3.3 and 3.3 for 2 , 3 , 4 , 5 , 6

Combined Bioassay: Bioassay was performed by first day for 0.6 g/g was 18.3. Then was 16.6, 15, 13.3, 11.6,
combining cinnamon and three B.t. isolates (Shaf1, Sd1 10 and 8.3 for 2 , 3 , 4 , 5 , 6  and 7  day respectively.
and Sid1). Three different combined concentrations were The LC , after three days at 0.15g, 0.3g and 0.6g was
made in separate glass vials like first concentration was found to be 0.5 g/g (Table: 1). The LC , after seven days
0.15g cinnamon powder, 0.11g Shaf1 B.t., 0.09g Sd1 B.t. at  0.15g, 0.3g and 0.6g was found to be 0.2 g/g (Table: 2).

also in triplicate form. The mortality rate was checked after

mortality was calculated and compared it with individual
mortality of larvae.

Combined bioassay for adults was 0.15g cinnamon
powder, Shaf1 B.t. 0.13g, Sd1  B.t.  0.10g  and  Sid1
B.t.0.26g mixed all these concentrations with 1g diet to
prepared first combined concentration. Likewise second
concentration was made 0.3g cinnamon powder, 0.26g
Shaf1 B.t., 0.20g Sd1 B.t. and 0.32g Sid 1 B.t. in 1gm diet
and third concentration was 0.6g cinnamon powder, 0.53g
Shaf1 B.t., 0.40g Sd1 B.t. and 0.62g Sid1 were mixed in 1gm
of diet. Similarly the combined percentage mortality of
adults was calculated and compared with individual
mortality of cinnamon powder and B.t. isolates.

The LC was calculated by applying SPSS probit50

analysis programme.

RESULTS

Bioassay  Results   for   Tribolium   castaneum  Larvae:

nd rd th th th th

nd rd th th th

and 7  day respectively. The percentage mortality afterth

nd rd th th th th

50

50
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Fig. 1: Effect of different concentration of cinnamon powder on the mortality of T. castaneum larvae after 1st, 2nd and
3rd day of treatment

Fig. 2: Effect of different concentration of cinnamon powder on the mortality of T. castaneum larvae after 4th, 5th, 6th
and 7th day treated samples

Table 1: LC value of cinnamon powder on T.  castaneum  larvae  after50

three days

Concentration No. of Insects Total Mortality

(gram) used in experiment Observed LC50 (g/g)

0.15 60 14 0.5

0.3 60 24

0.6 60 30

Table 2: LC value of cinnamon powder on Tribolium castaneum larvae50

after seven days

Concentration No. of Insects Total Mortality

(gram) used in experiment Observed LC50 (g/g)

0.15 60 19 0.2

0.3 60 35

0.6 60 54

The  mortality  rate  of  T.  castaneum  larvae  was high
after  1  day  of  treatment and then the rate wasst

decreased as the days passed and high mortality was
observed at high concentration of cinnamon powder.
After three days the highest mortality was 30/60 at 0.6g/g.
After seven days the highest mortality was 56/60 at 0.6g/g
(Fig: 1, 2).

Bacillus thuringiensis Isolates Combined Bioassay
Based on LC : First of all combined effect of Bacillus50

thuringiensis isolates of Shaf1, Sd1and Sid1 was checked
with LC of three B.t. isolates against larvae. The LC  of50 50

these isolates was 1.8, 1.50 and 1.48g (Shaf1, Sd1and Sid1)
respectively. These LC  was combined with 1g of diet.50

First day high mortality rate was observed that was 41.6%
then percentage of mortality was decreased with day
passed. Then was 21.6, 15, 10, 8.3, 3.3 and 1.6% for 2 , 3 ,nd rd

4 , 5 , 6  and 7  day respectively.th th th th

Bacillus thuringiensis Isolates  Combined  Bioassay:
Three different  concentrations of B.t. isolates Shaf1
(0.11, 0.23, 0.45), Sd1 (0.087, 0.17, 0.35) and Sid1 (0.087,
0.17, 0.35) were selected. The mortality was enhanced by
increasing concentration and mortality was decreased
with the passage of time. At first concentration of three
B.t. isolates the mortality for first day was 16.6% and 15,
13, 11.6, 10, 6.6 and 1.6 for 2 , 3 , 4 , 5 , 6  and 7  daynd rd th th th th

respectively. For second concentration mortality was 20,
16.6, 13.3, 11.6, 3.3 and 1.6% for 1 , 2 , 3 , 4 , 5 , 6  and 7st nd rd th th th th

day respectively. For third concentration was 21.6, 20, 15,
15, 11.6, 5 and 1.6% for 1 , 2 , 3 , 4 , 5 , 6  and 7 dayst nd rd th th th th

respectively.
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Table 4: Percentage mortality of Tribolium castaneum larvae for one week

of treatment withLC of three Bacillus thuringiensis (Shaf1, Sd150

and Sid1)

Time Concentration Mortality Percentage mortality

Interval Combined of Observed for each combined

(day) B.t. isolates (g) (Dead/Total) concentration %

1 Control 0 0st

0.11+0.09+0.09 9/60 15

0.23+0.19+0.19 12/60 20

0.45+0.37+0.37 14/60 23.3

2 Control 0/60 0nd

0.11+0.09+0.09 8/60 13.3

0.23+0.19+0.19 10/60 16.6

0.45+0.37+0.37 13/60 21.6

3 Control 0/60 0rd

0.11+0.09+0.09 7/60 11.6

0.23+0.19+0.19 8/60 13.3

0.45+0.37+0.37 10/60 16.6

4 Control 0/60 0th

0.11+0.09+0.09 5/60 8.3

0.23+0.19+0.19 6/60 10

0.45+0.37+0.37 7/60 11.6

5 Control 0/60 0th

0.11+0.09+0.09 2/60 3.3

0.23+0.19+0.19 4/60 6.6

0.45+0.37+0.37 6/60 10

6 Control 0/60 0th

0.11+0.09+0.09 1/60 1.6

0.23+0.19+0.19 2/60 3.3

0.45+0.37+0.37 3/60 5

7 Control 0/60 0th

0.11+0.09+0.09 1/60 1.6

0.23+0.19+0.19 2/60 3.3

0.45+0.37+0.37 2/60 3.3

In the combined bioassay the mortality of the larvae
was high as compared to individual bioassay of cinnamon
and combined Bacillus thuringiensis isolates. When the
bioassay was carried out for seven days it was observed
that mortality rate of larvae was increased when the
different concentrations of B.t. isolates and cinnamon
powder was mixed. The percentage of mortality was also
high when the concentrations were mixed as compared to
individual concentration of each one.

Bioassay Results for Tribolium castaneum Adults:
Bioassay was carried out in the same way for newly
emerged T. castaneum adults. The concentrations of
cinnamon powder were same as in case of larvae but the

concentrations of Bacillus thuringiensis isolates as
Shaf1, Sd1 and Sid1were different. The mortality rate and
LC were different because of the small size of larvae, it50

showed higher mortality than that of adults.

Cinnamon Powder: The concentrations of cinnamon
powder were same as in case of larvae. When three
different concentrations of cinnamon powder were applied
to T. castaneum adults, no significant effect was observed
in case of adults.

Combined  Bioassay of B.t.: Three different
concentrations of B.t isolates Shaf1 (0.13g, 0.26g, 0.53g),
Sd1 (0.10g, 0.20g, 0.40g) and Sid1 (0.16g, 0.32g, 0.62g)
were selected for newly emerged adults. The mortality rate
was less as compared to combined bioassay carried out
for 2  instar larvae. This is presumably due to small sizend

of larvae. At first concentration of three B.t isolates the
mortality for first day was 11.6% and 10, 8.3, 3.3, 1.6, 0 and
0% for 2 , 3 , 4 , 5 , 6  and 7  day respectively. Fornd rd th th th th

second concentration mortality was 13.6, 13.3, 11.6, 6.6,
3.3, 1.6 and 0% for 1 , 2 , 3 , 4 , 5 , 6  and 7  dayst nd rd th th th th

respectively. For third concentration was 18.3, 16.6, 15, 10,
5, 3.3 and 1.6% for 1 , 2 , 3 , 4 , 5 , 6  and 7 dayst nd rd th th th th

respectively.

Combined Bioassay of Bacillus thuringiensis Isolates and
Cinnamon Powder: For combined bioassay of newly
emerged adults, three different concentrations were
prepared by mixing selected quantities of cinnamon
powder and three B.t. isolates. No synergistic effect was
seen in case of adults.

DISCUSSION

The  Cinnamum  aromaticum  can  be  rate  effective
for  groups  to  control  stored  product  insect  pests  i.e.,
T. castaneum. Blending of B.t. isolates with diverse
botanical compounds like cinnamon in a definite
proportion can be supportive in making bio-pesticide
product. The lethal concentration (LC ) of cinnamon50

powder  was  0.4  g/g  against  second  instar   larvae  of
T. castaneum. B.t. is famous for its genetic content as well
as pesticidal role. Bio-toxicological effect was evaluated
by  combining  three  isolates of B.t. and cinnamon
powder against larvae and adults of T. castaneum. High
concentrations showed high mortality rate and less with
the passage of time. Present research is very reliable and
consistent in providing the ways of establishing careful
inventions in controlling stored pests.
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The repellent activity of plant powders of Argemone In combined bioassay, toxicity of three isolates of B.t.
mexicane, Prosopis juliflora, Tephrosia purpurea were
tested against T. castaneum. In general, all the plant
powders showed repellent activity except P. juliflora at
0.5 mg concentration. Highest repellent activity was
observed in T. purpurea. P. juliflora however showed
moderate activity at higher concentration [18].

In continuation of search for substances of plant
origin with insecticidal effects, it was screened out root,
leaf and stem of Clerodendrum viscosum, extracted into
ethyl alcohol, ethyl acetate and chloroform has strong
insecticidal and repellent effect against T. castaneum[19].
Alamet al. [20] conducted an investigation on other plant
showed that residual film toxicity and repellent toxicity
against both the larvae and adults of T. castaneum.

Malik et al. [21] conducted a study to check the
individual as well as combined pesticidal effect of Nigella
sativa and B.thuringiensis on Red flour beetle. The LC50

of Black onion seeds powder (N. sativa) was 0.35 g/g
against second instar larvae of T. castaneum. Toxicity was
increased when this compound was combined with three
isolates of B.t. (Shaf1, Sd1 & Sid1). In another study, The
effect of volatile compounds of citrus reticulata peel
essential oil was seen on the stored grain pest
Sitophilusoryze and Tribolium castaneum. Results
indicated that essential oil of C. reticulate showed toxic
effect against these stored grain insect pests. The LC50

against the larva of T. castaneum was 18.733 l at 48h
exposure [22].

Bacillus thuringiensis isolates proved to be very
effective bacteria because of its high mortality rate that is
observed in both larvae and adults of T. castaneum. B.t.
shows its effectiveness against other pests included in
order Hymenoptera, Lepidoptera, Homoptera, Dictyoptera
and Diptera[16]. The Bacillus thuringiensis gave high
mortality rate that observed in larvae and also effective in
adults. This bacteria is considered as biological pesticide.
Its pesticidal effect was observed when its three isolates
were combined with cinnamon powder.

First of all, the individual bioassay of Cinnamon
powder for newly emerged adults and second instar larvae
was observed. The LC calculated after seven days was50

0.2g/g, there is no toxicological effect of cinnamon was
seen against adults. The adults became slow in motion
during treatment. The high death rate for larvae was
probably due to small size of larvae. The death rate was
high at first day and decreased with the passage of time
and high mortality was observed at high concentration.
After three days the highest mortality was 30/60 at 0.6g/g
and after seven days the highest mortality was 56/60 at
0.6g/g.

was checked against larvae and adults of this beetle.
These isolates Shaf1, Sd1 & Sid1 were checked
individually by previous research students. The lethal
concentrations (LC for these isolates were 1.8, 1.50 &50)

1.48g/g. In this research these isolates were combined in
a specific ratio and synergistic effect was seen both
against larvae and adults of T. castaneum. The mortality
rate was low for newly emerged adults. This is probably
due to small size of larvae or second instar larvae are more
susceptible to B.t.

In combined Bioassay, cinnamon powder and three
isolates of B.t. (Shaf1, Sd1 and Sid1) were combined
together. Results were significant against 2  instar larvaend

of this beetle but no remarkable effect was seen against
adults. The experiment indicate that combining different
biodegradable ingredients (Botanical compound
(cinnamon)+ three B.t. isolates) synergistic results can be
obtained and this approach can reduce the use of
chemical insecticides which are harmful for the
environment.

In the combine bioassay, all the elements were mixed
together at three different concentrations; in the case of
adult percentage mortality was low at first and second
combination but high at third combination. While in the
case of larvae, all three combinations show significant
results high mortality rate was revealed.

A procedure for two practical parts, for example
influence of B. thuringiensis and plant (cinnamon)
powder might be prolonged as it together prepare greater
impact than arithmetic whole of the singular impact. The
present studies show that a mixture of B.t. and
Cinnamomum aromaticum was more fruitful in making the
death of the larvae of the Tribolium casteneum.
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