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ABSTRACT 
Stored grain insect pests are becoming the foremost threat for reducing nutritional quality and quantity 

of grains in the storages worldwide. The pulse beetle, Callosobruchus maculatus F. is one the most serious 
post-harvest pest threat to stored legumes in tropical and subtropical regions. Today, for their control using eco-
friendly and sustainable methods over the traditional chemical control are very crucial. In our study, an attempt 
was made to find the potency of the essential oil by two physical methods to control the beetle by using a 
common pulse grain – Vigna radiata L. (green gram). The repellency, fumigant and contact toxicity of the 
essential oil extracted from  Mentha arvensis L. were checked by direct and indirect methods.  Indirect method 
showed better results as the oil had prevented the pest from feeding on the grains. The Mentha arvensis 
essential oil was further screened for its chemical constituents by the technique of Gas Chromatography. The 
essential oil had high content of Menthol along with other constituents such as l-Menthone, Isomenthone, 
Menthol acetate, D-Limonene. Menthol which could all be responsible for the essential oil’s significant 
insecticidal property against Callosobruchus maculatus. 
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INTRODUCTION 
 

The economic loss and damage caused 
to the grains and food products by stored grain 
pests is a very serious issue. The damage 
caused by pests during grain harvest ranges 
from 10% to 40% (Lazzari and Lazzari, 2012).  
The infestation caused by pests affects the pace 
of seed germination, viability and also enhances 
the microbial infections (Lazzari and Lazzari, 
2012; Johnson, 2013 and Yaseen et al., 2019). 
Generally synthetic pesticides are used to 
control stored grain pests (Wijayarathne et al., 
2018 and Agrafioti et al., 2019). Usage of 
synthetic pesticides causes range of undesirable 
effects leading towards adverse impact on the 
environment.  In this regard, there is an urgent 
need to formulate eco-friendly bioinsecticides. In 
this scenario, there is an urge to evaluate the 
botanical extracts which could be developed into 
biopesticides to control the insect pests (Satti 
and Elamin, 2012; Rahim and Iqbal, 2019 and 
Mendoza Garcia et al., 2019). Plants are the 
best sources to provide such ecofriendly 
insecticides as they are rich in bioactive 
molecules. Aromatic plants are most efficient 
sources of essential oils having insecticidal 
properties which also constitute the bioactive 
element of plant extracts (Khani and Rahdari, 

2012). Vigna radiata stands at 7th place in 
production among pulses in the world. Under 
storage conditions, severe post – harvest losses 
are noted due to the pulse beetle, 
Callosobruchus maculatus attacks resulting in 
about 10% damage and rendering grains unfit for 
human consumption as it reduces the nutritional 
status of the grains. Callosobruchus species 
belonging to the family, Chrysomelidae – the leaf 
beetle family, and is considered to be the serious 
causes for the commercial loss for the stored 
legume grains (Shakil et al., 2009). 
Predominantly 15 genera among the 
Leguminosae were affected by this insect 
including green gram, cow pea, bean, pea, 
soybean and many (Costa et al., 2007). The 
major reason for the deterioration of the quality 
of legume pulses were because of infestation of 
insect population into the grains. Grain 
protectants and fumigants are being used since 
a long time for controlling stored grain pests but 
their injudicious and long –term use resulting in 
developing resistance to those pesticides. The 
grains stored for six months usually results in 
70% of seed infestation with pests resulting in 
30% weight loss and make the grain not suitable 
for consumption. The quantification of green 
gram losses through Callosobruchus maculatus 
is very desirable. The detrimental effect on the 
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economy of the country is mainly due to the 
infestation by these insects. Not only on the 
economy, has it also caused a major danger to 
the food industry. From immemorable time, 
farmers depend on synthetic (chemical) 
fumigants, pesticides and insecticides , which 
results in causing damage / hazards to the 
environment and mankind. Methyl bromide is still 
used as synthetic fumigants which have been 
observed to have carcinogenic effects in the rats 
(Dansi et al.,1984). These chemicals 
undoubtedly protect the grains but their 
excessive and inadvertent use created serious 
health hazards, environmental pollution, the 
ozone depletion and also resistant insects. 
These problems require the need for restriction 
of such chemicals to ensure that the food 
products should be free from pesticides. As a 
result of this there is environmentally safe and a 
convenient method such as the plant extracts, 
leaf, roots can be used to perform the same 
function. Insecticidal activities of the plant had 
been intensively investigated and observed that 
the pests attacking field crops and stored grains 
can be controlled better rather than spraying the 
chemical pesticides which have adverse effect 
on the environment. Plant derived chemicals are 
hazard free and it possess bitter substances 
which may show toxic, repellent, anti-feedant, 
growth and progeny inhibition activity against 
grain pests. Plant extracts and oils are a rich 
source of the bioactive chemicals, which reveal 
toxic effect and produce odours that repels adult 
beetles. Mentha species is an excellent store of 
medicine and possess toxic chemicals, but little 
investigations have been done on their use in 
pest management.The present study was 
designed to extract the essential oil from Mentha 
arvensis L. and its effect on Vigna radiata (green 
gram) to evaluate their effectiveness on mortality 
and adult emergence inhibition of 
Callosobruchus maculatus that is reared among 
the green gram. In addition, an assessment of 
the grain damage inhibition with the extract was 
also determined. 
 
MATERIALS AND METHODS 
 
Extraction of the essential oil 
 

Mentha arvensis L. plant was collected 
from Lal Bagh Botanical Garden, Bengaluru, 
Karnataka, India. The plants were grown for one 

month in Botanical Garden of Mount Carmel 
College, Autonomous, Bengaluru under normal 
conditions. After 45 days of growth, the leaves 
were collected and the fresh leaves were used 
for the oil extraction. The essential oil was 
extracted using Clevenger apparatus by hydro 
distillation method. Fresh leaves (200 g of each 
sample in 500 mL of distilled water) were taken 
in a Clevenger apparatus and was subjected to 
distillation for 3hours. The oil thus obtained were 
dried over anhydrous sodium sulfate and stored 
in sealed glass vials in refrigerator. The yield of 
the oil was 5%.The different concentrations of 
the essential oil were prepared from the 
extracted oil like 100ppm, 150ppm and 200ppm 
using hexane as a solvent. Gas chromatography 
was carried out to find the composition of the 
Mentha essential oil. The GC instrument used for 
the analysis was Varian 450 GC. The column 
used was CP-SIL C18 with a dimension of 30m x 
0.25mm x 0.25 µm. The detector used was 
Flame ionization detector. Nitrogen gas was 
used as the mobile phase. The flow rate was 
1.0ml/minute. The injector temperature was 
220oC and the detector temperature was 250oC. 
Oven temperature was 90oC for 3 minutes, then 
raised to 180oC at the rate of 6oC/min, held for 5 
minutes.  Components were identified according 
to databases and quantified by the comparison 
with the certified standards. 
 
Collection of the grains - Vigna radiata L. 
 

Locally available green gram grains 
without any infestation were screened and 
selected to study insecticidal activity of essential 
oil on bruchids.  
 
Repellency Bioassay 
 

Repellency assay was done according to 
the experimental method used by Jilani and 
Saxena (1990).  Whatmann filter paper was cut 
into 5cm radius size and was divided in to two 
equal halves and was demarcated with the help 
of adhesive tapes on either side of the paper in 
order to prevent the fusion of the two solvents. 
One side of the filter paper was applied with 
petroleum ether and the other half with the 
different concentration of essential oil, like 
100ppm, 150ppm and 200ppm. 10 adult 
bruchids were released in to the petri plates in 
the centre and it was sealed using a parafilm. 
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The movement of the number of bruchids 
was observed in equal interval of time of 30, 60 
and 90 minutes. Percentage repellency was 
calculated by the formula (Nerio et al., 2009). 

 

 
Where Nc = number of insects on the untreated 
area after exposure interval 
Nt = number of insects on the treated area after 
exposure interval 
 
Contact toxicity 

Whatmann filter was cut at 5cm radius 
size and the paper was wetted with the 
respective concenteration. 10 adult bruchids 
were released in the centre of the plates and it 
was sealed using parafilm tapes. The mortality of 
the bruchids was observed in equal interval of 
time of 30 minutes. The rate of mortality was 
calculated using Abbott’s formula (Abbott,1925). 

 
Where, n = insect numbers 
T = treated, Co = control 
 
Fumigant toxicity 
 

Mentha arvensis L. oil was applied on the 
Whatmann filter paper discs. Treated filter paper 
were placed in the petri plates. 10 adult bruchids 
were placed in glass tubes, with open ends 
covered with cloth. The tubes were hung in the 
geometrical centre of the glass bell jar in such a 
way that they faced the petri plates containing 
the essential oil, it was then sealed with air tight 
lids. In the control groups filter paper was treated 
with the solvent petroleum ether. Mortality was 
observed after 30, 60 and 90 minutes.  
 
Insecticidal Activity:  Two different types of 
physical methods direct and indirect methods 
were followed to observe the insecticidal activity 
of the essential oil extracted from Mentha 
arvensis L. 
 
Direct Method: 

100gms of the Vigna radiata. L was 
weighed and placed in four different grain storing 
jars. Then the respective concentrations of 
100ppm, 150ppm and 200ppm of the essential 
oil were applied directly to the green gram and it 
was manually agitated for 2mins. The fourth jar 

which was not treated with any essential oil, 
served as the control and the other jars were the 
treated jars. All the four jars were placed with 
other grains for 45 days and were stored as in 
the households.  
 
Indirect Method:  

100gms of the Vigna radiata L. was 
weighed and was placed in four different grain 
storing jars. Then the respective concentrations 
of 100ppm, 150ppm and 200ppm of the essential 
oil was applied on to the strips of the Whatman 
filter paper No.1 of the size 5 cm x 1 cm and was 
allowed to dry for 10 secs, then these treated 
strips were placed in to the jars respectively and 
was manually agitated for 2 mins. The fourth jar, 
with a plain strip served as the control. All the 
four jars were placed with other grains for 45 
days and were stored as in the households.  
 
Calculation of damage inhibition: the damage 
inhibition caused by the pest to the grains were 
calculated by the formula 
 

 
The mortality percentage of insects was 

observed at LC50 . Concentrations of oil were 
tested on bruchids. Data obtained were 
subjected to Probit analysis. LC50 values were 
estimated by Probit analysis using MS excel 
2019 version. 
 
RESULTS AND DISCUSSION 
 

The chemical configuration of the 
extracted essential oil is depicted in the Table 1. 
From the GC analysis indicated that menthol 
was the predominant component in Mentha oil. 
The essential oil of Mentha arvensis was 0.5% 
(w/v).  A total of 72 components were present in 
the essential oil. The chief compounds were 
menthol (66.73%), isomenthane (11.44%), l-
menthone (6.66%) and D-limonene (4.61%) 
(Table 1).  
 
Table 1: Chemical composition of oil  
 
Compound name Area (%) Retention time (min) 

Menthol 66.73% 16.84 
Isomenthane 11.44% 16.06 
l-menthone 6.66% 16.33 
D-limonene 4.61% 12.1 
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The repelllent effect of essential oils was 

observed in Adhatoda vasica against S. oryzae 
and B. chinesis. Similar repellent activities have 
been reported in Ocimum sauve against S. 
zeamais and Acorus calamus repelled T. 
castaneum (Regnault – Roger, 1997). 

Observations on the percentage of 
repellency by using the essential oil of Mentha 
arvensis L. against Callosobruchus maculatus 
F.(Bruchid) varied. The 100ppm concentration of 
the essential oil showed 63.33% of repellency 
while the highest concentration of  200ppm 
showed 100% repellency.This activity is majorly 
dependent on the exposure time of the essential 
oil to bruchids (Fig 1.). The activity of repellency 
was dependent upon the concentration and 
exposure time (Anju Viswan et al., 2014). The 
knowledge on the understanding of physiological 
actions of EOs on insects is very little. The 
chemical compounds present in the oil could be 
responsible for insecticdal activity agianst the 
stored grain pests (Zhou et al., 2012). But, when 
the insects were treated with the various 
constituents of the essential oil shown effect on 
the nervous sytem giving knowledge on the 
neurotoxic effect of the compound (Coats et al., 
1991 and Kostyukovsky et al., 2002). 

Fig. 1. Percentage repellency 
 

The essential oil of M. arvensis showed a 
strong repellency towards the Bruchids. After 90 
minutes of exposure, the PR of the EO reached 
100% at the highest concentration 200ppm. As 
the concentrations of EO decreased, the PR 
values were also decreased. Similar kind of 
results were observed by Xiao-Meng et al., 
(2018) in their study against two stored product 
insects using Bupleurum bicaule Helm. EO. The 
results of Yunho F Yang et al (2020) are also in 
agreement with the current study where they 
studied 28 different essential oil insecticidal 
activity. The essential oils of Mentha microphylla 

act as fumigant and in contact against the adults 
of T. castaneum and Sitophilus oryzae (Mokhtar 
et al., 2020). The percentage of repellency was 
observed more as the concentration of the EO 
increases. The PR was 40%, 80% and 100% for 
the concentrations 100ppm,150ppm and 
200ppm respectively. Insecticidal effects of  EO 
on adult Bruchids was studied in many plants. In 
this particular species studied for the first time 
and it was observed that the menthol present in 
this species has significant toxic effects with LC50 
value of 10.71 mg/cm2 essential oil against C. 
maculatus. It was observed that 90% of the 
insects showed percent mortality when 25µl/l 
concentration on E. kuehniella essential oil 
applied (Ayyaz et al., 2010). In the present study, 
the EO showed a good contact toxicity against 
Bruchids with a 50% mortality in  100ppm 
concentation and 100% mortality in 200ppm. 
This mortality may be due to the compounds 
present in EO.The inscets when treated with 
essential oils, it shows the neurotoxic activity like 
seizures, tremors, hyperactivity followed by 
paralysis.  

 

 
Fig. 2 Essential oil showing mortality rate 

 
Fumigant toxicity 
 

The rate of mortality was observed 
between the time interval from 30 to 90 minutes. 
When the movements in the insect legs and 
antenna were not observed, then the insect was 
considered as dead.  

Callosobruchus maculatus L. had been 
infested in the controlled jar and treated jars 
were uninfested by Callosobruchus maculatus L.  
Generally, adults of Rhyzopertha dominica, 
Callosobruchus sp. were more susceptible to 
essential oils or their components than those of 
other insect species (Tripathi et al., 2003, Lee et 
al., 2004 and Ahmed and Eapen, 1986).  
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Essential oil extracted from Artemisia species 
showed a high potency towards Callosobrochus 
maculatus, Sitophilus oryzae and also in 
Tribolium castaneum (Negahban et al., 2006 and 
Ahmed and El-Salam. 2010). The toxicity of EOs 
on stored product insects can be described 
mainly depend on the chemical configuration of 
the essential oil which in turn depends on the 
source, season and ecological conditions, 
method of extraction, time of extraction and part 
of the plant used (Lee et al., 2001).  It was 
observed that 90% percent mortality at the 
concentration of 25µl/l showed significant 
increased insecticidal activity on myrtle of E. 
kuehniella essential oil (Ayaz et al.,2010).The 
predominant chemical compounds of the 
essential oils are monoterpenes which are 
volatile in nature which helps in detecting the 
insects as a fumigant. These chemicals also act 
as signaling molecules behaving as pheromones 
in repelling the insects (Morgan and Wilson, 
1999). The biological functions of the terpenoids 
are repellency, reduced palatability, growth and 
enzyme inhibition and also toxicity (Harborne, 
1993). These essential oils which also are 
extracted from the plants can be used in 

integrated pest management (Rozman et al., 
2007). In place of toxic insecticides, it will be 
beneficial to use the essential oil as insecticide. 
EOs are also used as an topical application 
which can be used to protect the environment 
from harmful insects (Oyedele et al., 2000). 

From the present study it was concluded 
that the essential oil extracted from Mentha 
arvensis showed a positive insecticidal activity 
towards the Callosobruchus masculatus which is 
a major pest which attack major stored products. 
The chemical constituents predominantly 
menthol could be the reason to control the 
insecticidal activity. From the scientific studies it 
can be concluded that instead of using chemical 
pesticides which causes damage to the 
environment the natural biopesticides can be 
used to control the pests.  
 
ACKNOWLEDGEMENT 
 

Authors are grateful to the management 
of Mount Carmel Education Society, Bengaluru, 
Karnataka, India for providing the financial 
support and other necessary facilities. 

 

REFERENCES 
 

Abbott, W. S. (1925) A method of computing 
effectiveness of an insecticide. J. Envir. 
Entomol., 18: 265 – 267. 

Agrafioti, P., Athanassiou, C.G., and Nayak, 
M.K. (2019) Detection of phosphine 
resistance in major stored product insects 
in Greece and evaluation of a field 
resistance test kit. Journal of Stored 
Products Research 82:40-47.  

Ahmed, M.E. Abd El-Salam. (2010). Fumigant 
toxicity of seven essential oils against the 
cowpea weevil, Callosobruchus 
maculatus (F.) and the rice weevil, 
Sitophilus oryzae (L.). Egypt. Acad. J. 
biolog. Science 2 (1): 1- 6.  

Ahmed, S.M. and Eapen, M. (1986) Vapour 
toxicity and repellency of some essential 
oils to insect pests. Indian Perfumer 30: 
273–278. 

Anju Viswan, K., Rahana, V.K. and Pushpalatha, 
E. (2014) Repellent and adulticidal 
efficacy of essential oils of two 
indigenous plants from Myrtaceae family 
against Lasioderma serricorne F. Journal 
of Biopesticides 7:70-74.  

Ayvaz, A., Sagdic, O., Karaborklu, S. and 
Ozturk, I. (2010) Insecticidal activity of 
the essential oils from different plants 
against three stored-product insects. 
Journal of Insect Science 10 (21): 21. 
10.1673/031.010.2101 

Coats, J.R., Karr, L.L. and Drewes, C.D. 
(1991)Toxicity and neurotoxic effects of 
monoterpenoids in insects and 
earthworms. In: Hedin, P.A (Ed.) 
Naturally occurring Pest Regulators. ACS 
Symposium Series 449: 305 – 316. 

Costa, V.A., Guzzo, E.C., Lourencao, A.L., 
Maricio Tavaree, A.G.C. and Vendramin, 
J.D. (2007) Occurrence of Dinarmus 
basalis in Callosobrochus analis in stored 
soybean in Sao Paulo. Brazil Sci. Agric., 
64 (3): 301- 302. 

Dansi, L., Van Velson, F.L., Vander Heuden, 
C.A., (1984). Methyl bromide: 
carcinogenic effects in the rat fore 
stomach. Toxicol. Appl. Pharmacol 72: 
262-271. 

Hai Yan Zhou, Na Na Zhao , Shu Shan Du , Kai 
Yang , Cheng Fang Wang , Zhi Long Liu 



 

 

 SAVITHA M. MURTHY and M.C. RANJITHA 150 

 
and Yan Jiang Qiao. (2012) Insecticidal 
activity of the essential oil of Lonicera 
japonica flower buds and its main 
constituent compounds against two grain 
storage insects. Journal of Medicinal 
Plants Research 6 (5):912-917. 

Harborne, J.B. and Baxter, H. (1993) 
Phytochemical Dictionary and Handbook 
of Bioactive Compounds from Plants. 
Taylor and Francis, London. 

Yunho Yang  , Murray B. Isman  and Jun-Hyung 
Tak (2020) Insecticidal Activity of 28 
Essential Oils and a Commercial Product 
Containing Cinnamomum cassia Bark 
Essential Oil against Sitophilus zeamais . 
Insects, 474:1-15 

Mokhtar, M.M., Jianfeng Li., Zhiping Du and 
Fangqin Cheng (2020) Insecticidal 
efficacy and chemical composition of 
Balanites aegyptiaca (L.) Delile seed oils 
against Tribolium castaneum Herbst 
(Coleoptera: Tenebrionidae). 
International Journal of Advanced 
Engineering Research and Science 7 (8): 
275-279.   

Khani A. and  Rahdari T. (2012) Chemical 
Composition and Insecticidal Activity of 
Essential Oil from Coriandrum sativum 
Seeds against Tribolium confusum and 
Callosobruchus maculatus. ISRN Pharm 
263517.  

Kostyukovsky, M., Rafaeli, A., Gileadi,C., 
Demchenko, N. and Shaaya, E. (2002). 
Activation of octopaminergic receptors by 
essential oil constituents isolated against 
insect pests. Pest. Mgt. Sci., 58:1101 – 
1106. 

Jilani, G. and Saxena, R.C. (1990) Repellent and 
Feeding Deterrent Effects of Turmeric 
Oil, Sweetflag Oil, Neem Oil, and a 
Neem-Based Insecticide Against Lesser 
Grain Borer (Coleoptera: 
Bostrychidae). Journal of Economic 
Entomology 83 (2): 629–634. 

Johnson, J. (2013) Pest control in postharvest 
nuts. pp. 56-87. In Harris, L.J. (ed.) 
Improving the safety and quality of nuts. 
Woodhead Publishing Limited, 
Cambridge, UK. 

Lazzari, S.M.N., and Lazzari, F.A. (2012) Insect 
pests in stored grain. p. 417-450. In 
Panizzi, A.R., and Parra, J.R.P. (eds.) 
Insect bioecology and nutrition for 

integrated pest management. Taylor & 
Francis Group, Boca Raton, Florida, 
USA. 

Lee, B. H.; Annis, P.C.; Tumaalii, F. and Choi, 
W.S. (2004) Fumigant toxicity of essential 
oils from the Myrtaceae family and 1, 8- 
cineole against 3 major stored grain 
insects. Journal Stored Product Research 
40: 553-564. 

Lee, B. H.; Annis, P.C.; Tumaalii, F. and Lee, S. 
E. (2004) Fumigant toxicity of Eucalyptus 
blakelyi and Melaleuca fulgens essential 
oils and 1,8-cineole against different 
development stages of the rice weevil, 
Sitophilus oryzae. Phytoparasitica 32: 
498–506. 

Lee, S.E.; Lee, B.H.; Choi, W.S. and Park, B.S. 
(2001) Fumigant toxicity of essential oils 
and their constituents’ compounds 
towards the rice weevil, Sitophilus oryzae 
(L). Crop Protection 20: 317–320.  

Mendoza-García, E.E., Ortega-Arenas, L.D., 
Serrato-Cruz, M.A., Villanueva-Jiménez, 
J.A., López-Arroyo, J.I., and 
PérezPacheco, R. (2019) Chemical 
composition, toxicity, and repellence of 
plant essential oils against Diaphorina 
citri (Hemiptera: Liviidae). Chilean 
Journal of Agricultural Research 79: 636-
647.  

Morgan, E.D. ND Wilson, D. (1999) 
Miscellaneous natural products including 
marine natural products, pheromones, 
plant hormones and aspects of ecology. 
In: Comprehensive Natural Products 
Chemistry, 8: pp. 263 – 375. 

ANegahban, M.; Moharramipour, S.; Sefidkon, F. 
(2006) Fumigant toxicity of essential oil 
from Artemisia sieberi Besser against 
three stored product insects. Journal of 
Stored Products Research 43:123-128.  

Nerio, L., Olivero-Verbel, J. and Stashenko, E. 
(2009). Repellent activity of essential oils 
from seven aromatic plants grown in 
Colombia against Sitophilus zeamais 
Motschulsky (Coleoptera). Journal of 
Stored Products Research 45 (3): 212 -
214. 

Oyedele, A.O., Orafidiya,L.O., Lamikanra, A. and 
Olaifa, J.I. (2000) Volatility and mosquito 
repellency of Hemizygia welwitschia oil 
and its formulations. Insect Sci. Appl. 20: 
123-128. 



 

 

151 Activity of essential oil on stored grain pest 
 

Rahim, S., and Iqbal, M. (2019) Exploring 
enhanced insecticidal activity of mycelial 
extract of Trichoderma harzianum against 
Diuraphis noxia and Tribolium 
castaneum. Sarhad Journal of Agriculture 
35 (3):757-762.  

Regnault – Roger, C. (1997) The potential of 
botanical essential oils for insect pest 
control. Integrated Pest Management 
Reviews 2: 25-34.  

Rozman V, Kalinovic I, Korunic Z. (2007). 
Toxicity of naturally occurring compounds 
of Lamiaceae and Lauraceae to three 
stored-product insects. Journal of Stored 
Products Research. 43:349–355. 

Satti, A.A., and Elamin, M.M. (2012) Insecticidal 
activities of two meliaceous plants 
against Trogoderma granarium Everts 
(Coleoptera: Dermestidae). International 
Journal of Science and Nature 3: 696-
701. 

Shakil, N.A., Kumar, J., Pankaj, Pandey, A., 
Ahluwalia, V., Singh, M.K. and 
Srivastava, C. (2009) Synthesis and 
pesticidal activity of new N-alkyl-N- (1-(2-
hydroxyphenyl)ethyl)amines. J. Envtal. 
Sci. Health Part B. 44: 344-349. 

Tripathi, A. K.; Prajapati, V. and Kumar, S. 
(2003) Bioactivities of l-carvone, 
dcarvone, and di-hydrocarvone toward 
three stored product beetles. Journal 
Economic Entomology 96: 1594-1601. 

Wijayaratne, L.K.W., Arthur, F.H., and Whyard, 
S. (2018) Methoprene and control of 
stored-product insects. Journal of Stored 
Products Research 76:161-169.  

Yaseen, M., Kausar, T., Praween, B., Shah, S.J., 
Jan, Y., Shekhawat, S.S., et al. (2019) 
Insect pest infestation during storage of 
cereal grains, pulses and oilseeds. pp. 
209-234. In Malik, A., Erginkaya, Z., and 
Erten, H. (eds.) Health and safety 
aspects of food processing technologies. 
Springer, Cham, Switzerland. 

Xiao-Meng Wei, Shan-Shan Guo, Hua Yan, 
Xian-Long Cheng ,  Feng Wei and Shu-
Shan Du. (2018) Contact toxicity and 
repellency of the essential oil from 
Bupleurum bicaule Helm against two 
stored product insects. Journal of 
Chemistry https://doi.org/10.1155/20 
18/5830864. 

https://doi.org/10.1155/20%2018/5830864
https://doi.org/10.1155/20%2018/5830864

