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Abstract
Use of synthetic chemicals is a great hazard for the environment and consumers. In the present study,
essential oil from buds of Syzygium aromaticum was isolated by hydro-distillation methods and tested
their insecticidal activity against Tribolium castaneum (Herbst). The results showed that the essential oil
of S. aromaticum have fumigant toxicity, oviposition and developmental inhibitory activity against T.
castaneum. The percentage mortality increased with increasing exposure time and concentration. The
median lethal concentration (LC50) of S. aromaticum essential oil at 48 h was 13.871 and 15.551 µl
against larvae and adults of T. castaneum, respectively. The essential oil significantly reduced oviposition
(F3,20=303.983) in adults and also reduced pupation (F3,20=54.716) and adult emergence (F3,20=101.309)
in larvae when fumigated with sub-lethal concentration. The per cent grains infection was reduced
54.69% at 60% of sub-lethal concentration of 24 h LC50. Fumigation of insect with sub-lethal
concentration of S. aromaticum essential oil inhibited AChE activity. Reduction in AChE activity was
9.32.48 and 10.93% of the control, after 24 h of fumigation with sub-lethal concentration. In conclusion,
this essential oil probably induces toxicity in insect by inhibiting AChE activity.
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1. Introduction
Red flour beetle, Tribolium castaneum (Herbst) (Coleoptera: Tenebrionidae) is one of the most
destructive beetle species to several grains and flours. The progeny production rate of T.
castaneum is so high. The fourth instars larvae are highly active in rainy season and cause very
high infestation. This insect pest had a long association with human stored food and has been
found in association with a wide range of commodities including grain, flour, peas, beans,
cacao, nuts, dried fruits, and spices, but milled grain products such as flour appear to be their
preferred food [1, 2]. Control of these insects relies heavily on the use of synthetic insecticides
and fumigants, which has led to problems such as disturbances of the environment, increasing
costs of application, pest resurgence, pest resistance to pesticides and lethal effects on nontarget organisms in addition to direct toxicity to users [3-6]. Fumigation was being the most
effective method for controlling stored grains insect pests. Used of plants for pest control on
stored grains seems to offer desirable solutions, especially in the developing tropical countries
where plants are found in abundance everywhere throughout the year. Moreover, there has
been growing interest in the use of both plant extracts and their essential oils since they exhibit
low mammalian toxicity and low persistence in the environment [7, 8]. Essential oils produced
in various external and internal glands of these plants are a very complex mixture of terpenes,
sesquiterpenes, their oxygenated derivatives and other aromatic compounds [9]. Many studies
of the fumigant activity of such natural substances have been undertaken to establish new
control practices with lower mammalian toxicity and low persistence in the environment [10-13].
The essential oil isolated from the clove buds, Syzygium aromaticum is widely used and well
known for its medicinal properties [14-16]. The biological activity of S. aromaticum oil has been
investigated against several pests. It was shown to inhibit the emergence of Culex pipiens
larvae [17] and to display insecticidal activity against Pediculus capitis [18], Anopheles dirus
mosquitoes [19]. Park and Shin [20] has found that the clove oil could be used as a novel
fumigant against Japanese termites. The objective of present study was to explore the fumigant
activity of S. aromaticum (L.) essential oil for protection of stored-grain from insect
infestation.
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2. Materials and Methods
2.1 Plant collection and isolation of essential oil
For the extraction of essential oil, cloves of S. aromaticum
were purchased from the local area of Gorakhpur districts of
Uttar Pradesh, India. The specimens were identified and
authenticated by the expert in the Department of Botany, D.
D. U. Gorakhpur University Gorakhpur. The cloves were
dried in absence of sun light at room temperature (30±5 °C)
and grounded using a mixer. The essential oil was extracted
by hydro-distillation using a modified Clevenger apparatus
with distilled water. Distillation was done continuously for
five hours to yield essential oil. Anhydrous sodium sulphate
was used to remove water after extraction. The superior phase
was collected from the condenser in glass containers and
stored in appendorff tube at 5 °C until their use for further
experiments.
2.2 Insect rearing
Larvae and adults of T. castaneum were obtained from
Entomological laboratory, D. D. U. Gorakhpur University,
Gorakhpur laboratory stock cultures maintained in an
incubator at 30±2 0C, 75±5% RH and at photoperiod of 10:14
(L:D) without exposure to any insecticides. T. castaneum
adults were reared on wheat grain (Triticum aestivum L.) and
flour at 12–13% moisture content. Ten days old unsexed
adults and 4th instars larvae of T. castaneum were used to
determine the insecticidal property of S. aromaticum essential
oil.
3. Toxicity
3.1 Larval Toxicity
A serial dilution of four concentrations of essential oil (15, 20,
25 and 30 µl) was prepared in acetone (100 µl). A whatman
filter paper strip (diameter 2cm) was impregnated with diluted
essential oils (115, 120, 125 and 130 µl for each
concentration) and pasted on the inner surface of the cover of
each petri dish (height 15mm, radius 45mm). The solvent was
allowed to evaporate for 30 seconds and then petri dishes
were covered tightly. Acetone was used as a control. Ten 4th
instars larvae taken from the laboratory culture were placed
with 1 gm. of wheat flour in the petri dishes. Flour was spread
uniformly along the whole surface of the petri dishes. All the
closed petri dishes were kept in dark and six replicates were
set for all treatment and controls, and they were incubated for
48 h. After 24 and 48 h, mortality was recorded. The treated
4th instars larvae were then transferred to fresh petri dishes
for determination of end-point mortality.
3.2 Adult Toxicity
The toxic effect of S. aromaticum essential oil was tested
against adults of T. castaneum by fumigation action. The
methodology used was the same as that used in determining
the toxic effect of larval mortality of T. castaneum.
3.3 Oviposition inhibitory activity of essential oil
Oviposition inhibitory activity of S. aromaticum essential oil
was tested against T. castaneum by fumigation. Twenty, 1 - 2
week old adults of mixed sexes were placed in 1 gram of
wheat flour in petri dishes. Flour was spread uniformly along
the whole surface of the petri dishes. A paper strip (2 cm2)
treated with 40, 60 and 80% sub-lethal concentration of 24 h
LC50 of essential oil in acetone was pasted on the inner
surface of the cover of each petri dish. All the closed petri
dishes were kept in dark and six replicates were set for each
concentration. After 72 h of fumigation, the treated adults

were transferred to fresh petri dishes having fresh wheat flour.
After 10 days of treatment, the adults were removed and
discarded. The number of the larvae hatched was counted for
the treated as well as for control groups. The counting was
done for four days continuously.
3.4 Determination of developmental inhibitory activity of
essential oil
Developmental inhibitory activity of S. aromaticum essential
oil was tested against 4th instars larvae of T. castaneum.
Twenty larvae of T. castaneum were places in 2 gm of wheat
flour and grains in glass petri dish. A paper strip (2 cm2)
treated with 40, 60 and 80% sub-lethal concentration of 24 h
LC50 of essential oil in acetone was pasted on the inner
surface of the cover of each petri dish. Another paper strip (2
cm2) was treated with absolute acetone only used as control.
All the closed petri dishes were kept in dark and six replicates
were set for each concentration. After fumigation of glass
petri dishes for 72 hour the treated larvae were transferred to
fresh wheat flour in other petri dish. Number of survived
larvae, transformed pupae from treated larvae and emerged
adults from transformed pupae were recorded. Six replicates
were set for each concentration.
3.5 Feeding deterrence activity
The Chronic activity of S. aromaticum essential oil was tested
against adults of T. castaneum by contraction method with
two Sub-lethal concentrations. Whatman no. 1 filter papers
were cut according to the shape and size of petri dishes and
treated with sub-lethal concentrations of essential oil prepared
in acetone (30 and 60% of 24h LC50) [20, 21] by using
micropipette. The treated filter papers were dried to evaporate
the solvent completely. The treated filter paper placed at the
bottom in glass petri dish (height 15 millimeter × radius 45
millimeters). Ten adults taken from the laboratory culture (1-2
week old) were placed with 5 gram of wheat flour and grain
in petri dish. Flour and grains were spread uniformly along
the whole surface of the petri dish. All the closed petri dishes
were kept in dark and six replicates were set for each
concentration. After 30 days per cent grains damage by
stored-grain insect pests were recorded. The grain damage
was determined by counting feeding injuries and emergence
holes on the surface of the grains. Feeding deterrent was
calculated using the feeding deterrent index following Isman
et al. [23].
Feeding deterrent index (FDI) [%] = C-T X100
C+T
Where C and T is the weight loss in the controls and in the
fumigated sets, respectively.
3.6 Acetylcholinesterase (AChE) activity determination
Acetylcholinesterase activity of T. castaneum was measured
by the method of Ellman et al. [24]. Adults of T. castaneum
were fumigated with two sub-lethal concentrations (40% and
80% of 24 h LC50) of S. aromaticum essential oil as done in
toxicity assay. Six replicates were set up for each
concentration. Controls were taken as such without any
treatment. After 24 h of fumigation, adults were utilized for
the measurement of AChE activity in the treated as well as the
control group. Enzyme activity has been expressed as µmol
“SH” hydrolyzed min-1mg protein-1.
3.7 Data analysis
The Lethal concentration (LC50), lower and upper confidence
limits (LCL-UCL), Slope value, t-ratio, g-value, heterogeneity
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factor and chi-square value were calculated using computer
software of Robertson et al. [25]. Correlation and linear
regression analysis were conducted to define all doseresponse relationships Sokal and Rohlf [26]. Analysis of
variance was performed to test the equality of regression
coefficient Sokal and Rohlf [26]. Student t-test was performed
to test the significant changes in enzyme activity with respect
to control Armitage et al. [27].
4. Result
Fumigant toxicity of the essential oil from cloves of S.
aromaticum against larvae and adults of T. castaneum
gradually increased with increasing exposure time and
concentration (P<0.01). The essential oil from S. aromaticum
killed the larvae and adults of T. castaneum by fumigation
action. The Medium lethal concentration (LC50) was 17.556
µl and 13.871µl against larvae, whereas 18.465 µl and 15.551
µl against adults of T. castaneum, at 24 and 48 h, respectively
(Table 1).
The t-ratio values were greater than 1.96, indicating a
significant regression of each dose response line. The
heterogeneity factor was less than 1.0, demonstrating that the
log-dose-probit lines are within the 95% confidence limits and
thus the model fittest the data. Value of g less than 0.5
indicated that mean was within the limit at all probability
levels of 90, 95, 99%.
The regression analysis showed a concentration dependent
significant correlation of the oil with larval mortality of T.
castaneum (F3,20=35.490, P<0.01), (F3,20=22.754, P<0.01)
and adults of T. castaneum (F3,20=20.728, P<0.01),

(F3,20=24.412, P<0.01) at 24 and 48 h exposure, respectively
(Table 5).
The oviposition was reduced to 69.18, 53.64 and 45.83%
when adults were fumigated with 40, 60 and 80% sub lethal
concentration of essential oil, respectively (Table 2). The
reduction in oviposition potential of T. castaneum was
significant (F3,20=303.983) when fumigated with sub lethal
concentration of S. aromaticum (Table 5).
Pupation was reduced to 84.59, 69.24 and 58.62% whereas
adult emergence was reduced to 76.78, 57.57 and 48.48%
when 4th instars larvae were fumigated with 40, 60 and 80%
sub lethal concentrations of essential oil, respectively (Table
3). The decrease in pupation (F3,20=54.714) and adult
emergence (F3,20=101.309) was increased significantly with
increased the concentration of essential oil (Table 5).
The per cent grains infection was reduced by S. aromaticum
essential oil against T. castaneum was 30.23% and 54.69% at
30% and 60% of sub-lethal concentration of 24 h LC50,
respectively (Table 4).
The regression analysis indicated that per cent damage grain
reduction of adults of T. castaneum by essential oil showed a
significant negative correlation with concentration when
fumigated with S. aromaticum essential oil (F=362.93) (Table
5).
Fumigation of T. castaneum adults with two sub lethal
concentration (40 and 80% of 24 h LC50) of S. aromaticum
essential oil significantly reduced AChE activity. Inhibition in
AChE activity was 9.32% and 10.93% of control with 40 and
80% of 24 h LC50, respectively (Table 6).

Table 1: Summary of Syzygium aromaticum essential oil toxicity assays against larvae and adult of T. casteneum
Exposure
LC50a
LC90b
LCL-UCLb
g-valuec t- ratioc Heterogeneityc Chi square
period (h)
(µl)
(µl)
24
17.556
66.657
12.498-20.369
0.211
3.467
0.138
3.030
Larval mortality
48
13.871
48.724
7.663-16.854
0.245
3.463
0.196
4.311
24
18.465
53.581
14.636-21.010
0.225
3.916
0.247
5.424
Adult mortality
48
15.551
45.352
10.724-18.134
0.223
3.851
0.182
4.009
aLC represent the median lethal concentration. bUCL and LCL represent upper confidence limit and lower confidence limit. cg-value,
50
t-ratio and heterogeneity were significant at all probability levels (90%, 95%, 99%).
Parameters

Table 2: Effect of fumigation of Syzygium aromaticum essential oil on oviposition of stored-grain insect pest T. castaneum

Number of eggs/ larvae produced
% eggs/ larvae produced Hatchability
(%)a
per ten insects (Mean ± SE)
per ten insects
Control
265.83 ± 4.61
100%
100%
40% of 24 h LC50
183.33 ± 4.73
69.18%
18.36%
Syzygium
18.465
aromaticum
60% of 24 h LC50
142.16 ± 2.18
53.64%
27.53%
80% of 24 h LC50
120.83 ± 2.67
45.83%
37.50%
%ODIa was calculated as 100(C-T)/(C+T), where C and T represent the number of eggs/ larvae produced in the control and in the test
respectively.
Essential Oil

24h LC50
(µl)

Treatment

Table 3: Effect of Syzygium aromaticum essential oil on development (pupation and adult emergence) of stored-grain insect pest T. castaneum
Pupation (Number of pupa transformed
per twenty fumigated larvae)
Control
17.33 ± 0.331 (100)
40% of 24 h LC50
14.66 ± 0.49 (84.59)
18.465
60% of 24 h LC50
12.00 ± 0.57 (69.24)
80% of 24 h LC50
10.16 ± 0.30 (58.62)
Values in parentheses represent per cent with respect to control taken as 100%

24h LC50
(µl)

Treatment

Adult emergence (Number of adults
emerged per twenty fumigated larvae)
16.50 ± 0.34 (100)
12.67 ± 0.33 (76.78)
9.50 ± 0.42 (57.57)
8.00 ± 0.57 (48.48)

Table 4: Effect of fumigation of Syzygium aromaticum essential oil on damage caused by stored-grain insect pest T. castaneum
Essential oil

24h LC50 (µl)

Syzygium aromaticum

18.465

Treatment
30% of 24h LC50
60% of 24h LC50
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Grain damage reduction (Mean ± SE) (%)
30.23 ± 0.47
54.69 ± 0.41
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Table 5: Regression parameters of lethal, sub lethal and chronic activity on stored-grain insect pest T. castaneum with Syzygium aromaticum
essential oil by fumigation method
F-value
Regression
Exposure
Regression coefficient
Intercept
Slope
(P < 0.01)
Equation
time (h)
24
-3.1764
4.434
Y=-13.018+6.002X
0.9948
20.728*
% Adult mortality
48
-9.9560
4.897
Y=-15.672+5.727X
0.9981
24.412*
24
-6.9050
4.971
Y=-1.307+4.328X
0.9971
35.490*
% Larval mortality
48
-14.5481
5.357
Y=-2.778+4.183X
0.9993
22.754*
72
122.841
0.475
Y=122.841+0.475X
-0.996
303.983*
% Oviposition
72
148.746
-8.356
Y=-148.746+-8.356X
-0.991
54.716*
% Pupation
72
119.502
-7.268
Y=119.502+-7.268X
-0.996
101.309*
% Adult emergence
720
-1.783
0.703
Y=-1.783+-0.703X
0.990
362.93**
% FDI
Regression analysis was performed between different concentrations of essential oil and responses of the insect pest. *Significant at 99%
probability level. *F values were significant at all probability levels (90, 95 and 99%), *df=3, 20; **df=2,20
Parameters

Table 6: Effect of 40 and 80% of 24h LC50 of Syzygium aromaticum
essential oil on acetylcholinesterase enzyme (AChE) activity in T.
castaneum
AChE activity
40% of 24 h
80% of 24 h
LC50
LC50
0.081±0.005
0.069±0.002
0.052±0.005
Syzygium
(100%)
(89.25 %)
(58.43%)
aromaticum
t= 8.61
t= 9.32#*
t= 10.93#*
Note. Enzyme activity was expressed as µ mol of ‘SH’ hydrolyzed
min-1 mg protein-1. Values are mean± SE of six replicates. A value in
parentheses indicates the percentage of enzyme activity with
untreated control taken as 100%. #Paired t-test was applied.
*Significant (P < 0.01).
Essential oil

Control

5. Discussion
Certain plants essential oils or their constituents have a broad
spectrum of activity against insect pests. As such, they have
considerable potential as stored product protectants and for
pest management in other situation. Potential of plants
essential oils as a source of insecticides has been reported
with references to various pests [28-34]. Previous research by
Mishra et al [35] demonstrated that S. aromaticum essential oil
has more insecticidal activity against S. oryzae than the other
essential oils. Contact toxicity of the clove oil and the safety
of this oil on non-target organism including man also
discussed by Yang et al [18] and Formisano et al [36]. Plant
volatile essential oils are a group of botanical insecticide that
has recently been commercialized in the United States Isman
[37]
. In the present investigation, the essential oil of S.
aromaticum was found to be effective against larvae and
adults of T. castaneum. The present investigation was
supported with the result of Mishra and Tripathi [22] who
investigated the repellent activity of S. aromaticum essential
oil against stored-grain insect pests. In Gas Chromatography
Mass Spectrophotometry (GC/MS) analysis, the essential oil
of S. aromaticum it was found that eugenol was the major
component of the oil S. aromaticum [38] and it may be
responsible for fumigant toxicity, oviposition deterrent,
inhibition of adult development of test insect. The insecticidal
activity of the essential oil would be dependent on the active
chemical constituents and the gross sensitivity of the target
pest to the active chemical principles [39].
Eugenol is widely used in agricultural applications to protect
food from microorganisms during storage, which might have
an effect on human health, and as a pesticide and fumigant
[40]
. Mahdi and Rahman [41] tested the insecticidal effect of
some spices on Callosobruchus maculatus (Fabricious) in
black gram seed. They found that in eleven essential oils,
clove oil was more effective than the other. Clove oil could be
used as protectant of black gram seed against C. maculatus.

Moreover, S. aromaticum has been used as a pesticide against
harmful pests [42].
Earlier it had been shown that sub-lethal treatment with
eugenol causes a significant inhibition of AChE activity in the
nervous tissue of [43]. The high anti-AChE activity was
81.48% of control with 40% of 24 h LC50. The mode of
toxicity for essential oils is believed to be via competitive
inhibition of acetylcholinesterase. The rapid action of
essential oil against insect pest is indicative to their
neurotoxic mode of action interfering with neuromodulator
octopamine [44] or with GABA-gated chloride channels [45].
The mode of action of this essential oil is yet to be confirmed
but it appears that death of the adults, larvae may be due to
the suffocation and inhibition of different biosynthetic
processes of the insect metabolism [46]. The rank correlation
coefficient applied between the 40 and 80% of 24 h LC50
values and the corresponding inhibition of enzyme activity
indicate a positive correlation between the LC50 and the
inhibition of AChE.
6. Conclusion
In summary, S. aromaticum oil may be used as botanical
insecticide against different stored grain insect pests causing
infestation in stored wheat and pulses. On the basis of results
of present study, it can be concluded that the insecticidal
nature of S. aromaticum against T. castaneum might be due to
its AChE inhibitory activities. Moreover, because of the use
in traditional medicine in cure of different human diseases,
the S. aromaticum oil may be used as semiochemicals
mediating phytopesticide to protect stored food commodities
in developing countries, for which some farmers may not
have easy access to chemical insecticides. Therefore, one can
conclude that the potent essential oil might be useful for
management of stored grain insect pest.
7. References
1. Good
NE. The
flour
beetles
of
the
genus Tribolium. USDA Technical Bulletin. 1936; 5:2728.
2. Campbell JF, Runnion C. Patch exploitation by female
red flour beetle, Tribolium castaneum. Journal of Insect
Science. 2003; 3:20-24.
3. Muniz JF, Mc Cauley L, Scherer J, Lasarev M, Koshy M,
Kow YW et al. Biomarkers of oxidative stress and DNA
damage in agricultural workers: a pilot study. Toxicology
and Applied Pharmacology. 2008; 227(1):97-107.
4. Jembere B, Obeng-Ofori D, Hassanali A, Nyamasyo G
NN. Products derived from the leaves of Ocimum
kilimandscharicum (Labiatae) as post-harvest protectants
against the infestation of three major stored product
insect pests. Bulletin of Entomological Research. 1995;

~ 814 ~

Journal of Entomology and Zoology Studies

5.

6.

7.

8.

9.

10.
11.

12.

13.

14.

15.

16.

17.

18.

19.

85:361-367.
Boyer S, Zhang H, Lempérière G. A review of control
methods and resistance mechanisms in stored product
insects. Bulletin of Entomological Research. 2012;
102:213-229.
Simoniello MF, Kleinsorge EC, Scagnetti JA, Grigolato
RA, Poletta GL, Carballo MA. DNA damage in workers
occupationally exposed to pesticide mixtures. Journal of
Applied Toxicology. 2008; 28(8):957-65.
Fouad HA, Faroni LRDR, Ribeiro C, Tavares WD,
Petacci F. Extraction and repellent activity of Lepidoploa
aurea and Memora nodosa against stored grain and
byproduct pests. Vie Milieu-life and environment. 2012;
62:11-15.
Papachristos DP, Stamopoulos DC. Repellent, toxic and
reproduction inhibitory effects of essential oil vapours on
Acanthoscelides obtectus (Say) (Coleoptera: Bruchidae).
Journal of Stored Product Research. 2002; 38(2):117128.
Ogendo JO, Kostyukovsky M, Ravid U, Matasyoh JC,
Deng AL, Omolo EO. Bioactivity of Ocimum
gratissimum L. oil and two of its constituents against five
insect pests attacking stored food products. Journal of
Stored Products Research. 2008; 44:328- 334.
Isman MB. Plant essential oils for pest and disease
management. Crop Protectection. 2000; 19:603-608.
Isikber AA, Alma MH, Kanat M, Karsil A. Fumigant
toxicity
of
essential
oils
from Laurus
nobilis and Rosmarinus officinalis against all life stages
of Tribolium confusum. Phytoparasitica. 2006; 34:167177.
Erler F. Fumigant activity of six monoterpenoids from
aromatic plants in Turkey against the two stored-product
pests confused flour beetle, Tribolium confusum and
Mediterannean flour moth, Ephestia kuehniella. Journal
of Plant Diseases and Protection. 2005; 112: 602-611.
Mishra BB, Tripathi SP, Tripathi CPM. Chronic activity
of plant volatiles essential oils in management of rice
weevil Sitophilus oryzae (Coleoptera: Curculionidae).
Journal of Entomology. 2014; 11:76-83.
Pérez SG, Ramos-López MA, Zavala-Sánchez MA,
Cárdenas NC. Ortega. Activity of essential oils as a
biorational alternative to control coleopteran insects in
stored grains. Journal of Medicinal Plants Research.
2010; 4(25):2827-2835.
Diego Francisco Cortés-Rojas, Claudia Regina Fernandes
de Souza and Wanderley Pereira Oliveira, Clove
(Syzygium aromaticum): a precious spice. Asian Pacific
Journal of Tropical Biomedical. 2014; 4(2):90-96.
Debjit Bhowmik, K.P. Sampath Kumar, Akhilesh Yadav,
Shweta Srivastava, Shravan Paswan, Amit Sankar Dutta.
Trends in Indian Traditional Herbs Syzygium aromaticum
and its Health Benefits. Journal of Pharmacognosy and
Phytochemistry. 2012; 1(1):13-22.
El-Hag EA, Nadi AH, Zaiton AA. Toxic and growth
retarding effects of three plant extracts Culex pipiens
larvae (Diptera: Culicidae), Phytotherapy Research.
1999; 13-388-392.
Yang YC, Lee SH, Lee WJ, Choi DH, Ahn YJ. Ovicidal
and adulticidal effects of Eugenia caryophyllata bud and
leaf oil compounds on Pediculus capitis, Journal of
Agriculture Food Chemistry. 2003; 51:4884-4888.
Trongtokit Y, Rongsriyam Y, Komalamisra N,
Apiwathnasorn C. Comparative repellency of 38 essential
oils against mosquito bites, Phytotherapy Research. 2005;

19:303-309.
20. Park IK, Shin SC. Fumigant activity of plant essential
oils and components from garlic (Allium sativum) and
clove bud (Eugenia caryophyllata) oils against the
Japanese termite (Reticulitermes speratus), Journal of
Agriculture Food Chemistry. 2005; 53:4388-4392.
21. Mishra BB, Tripathi SP, Tripathi CPM. Response of
Tribolium castaneum (Coleoptera: Tenebrionidae) and
Sitophilus oryzae (Coleoptera: Curculionidae) to potential
insecticide derived from essential oil of Mentha arvensis
leaves. Biological Agriculture & Horticulture. 2012;
28:34-40.
22. Mishra BB, Tripathi SP. Repellent activity of plant
derived essential oils against Sitophilus oryzae
(Linnaeus) and Tribolium castaneum (Herbst). Singapour
Journal of Scientific Research. 2011; 1(2):173-178.
23. Isman MB, Koul O, Luczynski A, Kaminski J.
Insecticidal and antifeedant bioactivities of neem oils and
their relationship to azadirachtin content. Journal of
Agriculture and Food Chemistry. 1990; 38:1406-1411.
24. Ellman GL, Courtney KD, Andres V, Featherstone RM.
A new rapid colorimetric determination of
acetylcholinesterase activity. Biochemical Pharmacology.
1961; 7:88-95.
25. Robertson JL, Russell RM, Preisler HK, Savin NE.
Bioassay with arthropods POLO Computer programme
for analysis of bioassay data 2nd Edition, CRC Press,
Talor and Francis. 2007, 1-224.
26. Sokal RR, Rohlf FJ. Introduction to biostatistics.
Freeman WH, San Francisco, Calif, USA, 1973.
27. Armitage P, Berry G, Matthews JNS. Statistical Methods
in Medical Research. 4th Edn., Blackwell Science Ltd.,
Oxford, ISBN: 0-632-05257-0, 2002, 1-817.
28. Huang Y, Lam SL, Ho SH. Bioactivity of essential oil
from Elettaria cardamomum (L.) Maton. To Sitophilus
zeamais Motschulsky and Tribolium castaneum (Herbst).
Journal of Stored Product Research. 2000; 36(2):107117.
29. Lee BH, Annis PC, Tumaalii F, Choi WS. Fumigant
toxicity of essential oil from the Mytaceae family and 1,
8-cineole against 3 major stored-grain insects. Journal of
Stored Product Research. 2004; 40(5):553-564.
30. Nerio LS, Olivero-Verbel J, Stashenko EE. Repellent
activity of essential oils from seven aromatic plants
grown in Colombia against Sitophilus zeamais
Motschulsky (Coleoptera). Journal of Stored Product
Research. 2009; 45(3):212-214.
31. Sahaf BZ, Moharramipour S, Meshkatalsadat MH.
Fumigant toxicity of essential oil from Vitex pseudonegundo against Tribolium castaneum (Herbst) and
Sitophilus oryzae (L.). Journal of Asia-Pacific
Entomology. 2008; 11:175-179.
32. Shaaya E, Kostjukovski M, Eilberg J, Sukprakarn C.
Plant oils as fumigants and contact insecticides for the
control of stored-product insects. Journal of Stored
Product Research. 1997; 33(1):7-15.
33. Cosimi S, Rossi E, Cioni PL, Canale A. Bioactivity and
qualitative analysis of some essential oils from
Mediterranean plants against stored-product pests:
evaluation of repellency against Sitophilus zeamais
Motschulsky, Cryptolestes ferrugineus (Stephens) and
Tenebrio molitor (L.). Journal of Stored Product
Research. 2009; 45(2):125-132.
34. Batish DR, Singh HP, Kohli RK, Kaur S. Eucalyptus
essential oil as a natural pesticide. Forest Ecology and

~ 815 ~

Journal of Entomology and Zoology Studies

Management. 2008; 256:2166-2174.
35. Mishra BB, Tripathi SP, Tripathi CPM. Repellent effect
of leaves essential oils from Eucalyptus globules
(Mirtaceae) and Ocimum basilicum (Lamiaceae) against
two major stored grain insect pests of Coleopterons.
Nature and Science. 2012; 10(2):50-54.
36. Formisano C, Rigano D, Senatore F, Simmonds MSJ,
Bisio A, Bruno M et al. Essential oil composition and
antifeedant properties of Bellardia trixago (L.) All. (sin.
Bartsiatrixago L.) (Scrophulariaceae). Biochemical
Systematics and Ecology. 2008; 36:454-457.
37. Isman MB. Perspective botanical insecticides: for richer,
for poorer. Pest Management Science. 2008; 64:8-11.
38. Mercy Bastine C, Mohanapriya S, Caroline Jeba R. GCMS analysis of methanol extract of buds of Syzygium
aromaticum. Indo American Journal of Pharmaceutical
Research. 2013; 3(7):5485-5491.
39. Obeng-Ofori D, Reichmuth CH, Bekele J, Hassanali A.
Biological activity of 1,8 cineole, a major component of
essential oil of Ocimum kenyense (Ayobangira) against
stored product beetles. Journal of Applied Entomology.
1997; 121:237-243.
40. Mahdi SHA, Rahman MK. Insecticidal effect of some
spices on Callosobruchus maculatus (Fabricius) in black
gram seeds. University Journal of Zoology Rajshahi
University. 2008; 27:47-50.
41. Guy P Kamatou, Ilze Vermaak, Alvaro M. Viljoen.
Eugenol from the Remote Maluku Islands to the
International Market Place: A Review of a Remarkable
and Versatile Molecule. Molecules. 2012; 17(6):69536981
42. Park IK, Lee SG, Choi WS, Jeong CY, Song CH. and
Cho, K.Y. Insecticidal and acaricidal activity of
piperonaline and piperoctadecalidine derived from dried
fruits of Piper longum L. Crop Protection. 2002;
21(3):249-251.
43. Kostyukovsky M, Rafaeli M, Gileadi C, Demehenko C.
and Shaaya, E. Activation of octopaminergic receptors by
essential oil constituents isolated from aromatic plants:
possible mode of action against insect pests. Pest
Management Science. 2002; 58:1101-1106.
44. Pooja Agrahari, Singh VK, Singh DK. Toxicity of snail
attractant pellets containing eugenol with respect to
abiotic factors against the vector snail Lymnaea
acuminata· Biological Agriculture and Horticulture.
2012; 28(3):156-166.
45. Priestley CM, Williamson EM, Wafford KA, Sattelle DB.
Thymol a constituents of thyme essential oil, is a positive
allosteric modulator of human GABA receptors and a
homo-oligomeric GABA receptors from Drosophila
melanogaster. Brazilian Journal of Pharmacology. 2003;
140:1363-1327.
46. Don-Perdo KN. Mechanism of the action of the some
vegetable oils against Sitophilus zeamais (Motsch)
(Coleoptera: Curculionidae) on wheat. Journal of Stored
Product Research. 1989; 25:217-223.

~ 816 ~

