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Abstract

Red flour beetle, Tribolium castaneum is a cosmopolitan insect damaging stored food products and cause severe loss. The use
of chemical insecticides leads to resistant development in insects and not safe for environment. An alternative method is
required to manage this insect without ill-effect to the human being and environment. The botanicals having repellent or
insecticidal property will be an alternative method of managing this insect. The acetone and aqueous extracts of six medicinal
plants viz., Aloe vera (Kattarvazha), Ocimum tenuiflourm (Tulsi), Azadirachta indica (Neem) Thymus vulgaris (Thyme) Piper
betel (Betel leaf) Acalypha indica (Kuppaimeni) against T. castaneum (Herbst) (Coleoptera: Tenebrionidae) were evaluated for
their repellent activities. The various concentrations (2, 4 and 8%) of the plant extracts were used to conduct repellency test
using area preference test of adult beetles after fixed period intervals (4, 6 and 8 h). The results revealed that the aqueous and
acetone extract of Neem and Kuppaimeni were shown more repellency (90 — 100%) against adult insects. Thus, Gas
Chromatography Mass Spectroscopy analysis has been performed for the aqueous extract of these two most repellent plants.
The aqueous extract of neem containing Phytol (47.72% peak area) can be considered as repellent. Kuppaimeni leaves
containing Myo-Inositol, 4-C-methyl- (24.61% peak area) can also be a promising repellent. These findings confirmed that

plant extracts can be a suitable alternative for chemicals in managing stored product insects.
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Introduction

Insect infestation is one of the foremost reasons of the losses
incurred during processing and storage of grains and their
products. Hashemi and Safavi (2012) reported stored food
product losses due to insect infestation accumulates to 5-
10% and 20-30% in temperate regions and tropical regions,
respectively. The main insects which infest the stored
product commodities belongs to coleopteran pests with
more than 600 species (Yadav, Anand, Sharma and Gupta,
2014), and causes a quantitative loss of 20-30%. Among
them, the red flour beetle T. castaneum (Coleoptera:
Tenebrionidae) is the most dangerous one which is
commonly found in food lavatories, such as milling
industry, food processing plants, storerooms and retail
stocks (Yar, et al., 2017)(Scheff et al., 2018). The red flour
beetle have been reported to infest and damage a wide
variety of commodities ( Shafique et al., 2006; Atta et al.,
2020). One female T. castaneum lays 300-400 eggs during
its life cycle, which results in heavy infestation if proper
control measures were not adopted (Ridley et al., 2011).
The adults secrete a hazardous chemical (benzoguinone)
proving unwanted odor and it also encourages mold growth
in flour.

In the past few decades, human population has been
growing and it is likely to come near 2.4 billion by 2050
(Modi et al., 2017). Simultaneously, there will be increase
in food demand. Therefore, measures that safeguard stored
food from insect damage can increase the availability of
food products for consumption. The toxic chemical
insecticides have been used for controlling stored grain
insects. But, these chemical insecticides have serious
drawbacks on public health and environment. It was also
found that the insects developed resistance to insecticides.

Therefore, it is necessary to find alternate methods that are
readily available, affordable, less toxic to human and safe to
the environment (Atta et al., 2020; Rizwan et al., 2019).
Plants including neem, nicotiana, spices like turmeric, clove,
cinnamon, ginger, garlic, star anise were used for the
management of field insects (Kiruba et al., 2008; Paul et al.,
2009; Thacker, 2002). The secondary metabolites are
produced by the plants for defence against different insects
and hence these plants were found as possible alternative for
insect management (Isman and Akhtar, 2007; Mangang et
al., 2020). Plant extracts can impact the activities of various
storage pests as it possess insecticidal properties to protect
storage food products from insects (Belmain and Stevenson,
2001) (Isman, 2000). The essential oils and extracts
obtained from plant origin were found to be rich in mixtures
of various metabolites and complex volatiles which are
natural and safe (Bakkali, et al., 2008). Many
phytochemicals have proved their effectiveness against T.
castaneum (Mangang et al., 2020; Sagheer et al., 2011).
Botanical insecticides are formulations of extract or
derivative of plants such as Azadirachta indica, Derris
elliptica (Sae-Yun et al., 2006; Soujanya et al., 2016),
Chrysanthemum cinerariafolium (Shawkat et al., 2011).
Some of the compounds / metabolites of plants are toxic to
insects (pyrethrum, nicotine, rotenone), acting as repellents,
antifeedants (azadirachtin, rape seed extract) and also act as
sterilant (0-asarone) (Ignatowicz and Wesotowska, 1994). In
fact, plants contain bioactive metabolites, which act as
antifeedants, repellents, and toxicants against a wide range
of insects that attack stored products (Manickam et al.,
2021; Rajendran and Sriranjini, 2008). In the present study,
the repellency of six medicinal plant extracts was screened
against red flour beetle, T. castaneum.
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Materials and Methods

Collection of plants

Fresh leaves of six medicinal plants Aloe vera
(Kattarvazha), Ocimum tenuiflourm (Tulsi), Azadirachta
indica (Neem), Thymus vulgaris (Thyme), Piper betel (Betel
leaf), Acalypha indica (Kuppaimeni) were obtained from the
local markets of Thanjavur, Tamil Nadu, India
(Table 1). They were used for the repellency study against
T. castaneum.

Table 1: Description of six medicinal plants used in the study and
their parts used for extraction

Sl. NgLocal name Scientific name Family  [Partused
1 |Kattarvazha Aloe vera Liliaceae Leaves
2 Tulsi  |Ocimum tenuiflourm Lamiaceae | Leaves
3 Neem | Azadirachta indica| Meliaceae | Leaves
4 Thyme Thymus vulgaris | Lamiaceae | Leaves
5 | Betel leaf Piper betel Piperaceae | Leaves
6 |Kuppaimeni Acalyphaindica |Euphorbiaceag Leaves

Extraction of plants

The fresh leaves (50 g) of each plants collected were
washed and ground in a mixer with an equal quantity of
water (1:1). Similarly, the extract was prepared with acetone
in the same amount separately. The ground mixture was
stored overnight in a refrigerator maintained at 4°C and
filtered using a muslin cloth followed by centrifugation
(5000 rpm) and filtration (Whatman filter paper). The
filtrate was kept in a 100 ml storage container and kept in
refrigerator (0-8°C) for the studies to be conducted. The
extract was used as stock solution (Mansoor-ul-Hassan et al.
2005) and Sagheer et al. 2013).

Insect culture

The mother culture of T. castaneum was an original strain
that was nurtured for several years at the laboratory in
Indian Institute of Food Processing Technology (IIFPT),
Thanjavur. These colonies were conserved in the laboratory
and they were never exposed and contaminated with any
form of insecticides. The adults used in the experiments
were reared in 1 L glass container and ventilated by
covering with muslin cloth. Each container has a mixture
(10:1, /) of wheat flour and brewer’s yeast. Fifty Adults of
red flour beetle were released in each container and allowed
for egg laying for 24 hrs. Then the adults were removed
from the container. The young larvae emerged from eggs
and grown in the food material. These larvae were found to
have uniform age and size which were used for conducting
repellency experiments. The cultures were maintained in
ambient condition.

Bioassay repellent activity

The repellency test was conducted by using 2, 4 and 8 per
cent concentration of the extracted medicinal plants based
on the preliminary studies. Filter paper bioassay using area
preference methodology was used to assess the repellent
effect of the medicinal plants against adults of T. castaneum
(Mohan and Fields, 2002). Whatman filter papers (9cm dia.)
were cut into halves and one half was applied with the
extract while the other was treated with the respective
solvent used in extraction. They were dried at room
temperature for 30 min, and reattached with their respective
half giving 0.5cm spaces in between (Fig.1). T. castaneum
adults (10 in no.) with same age collected from the culture
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after 3 days of emergence were set on loose in the petri plate
and closed. The experiments were performed at ambient
conditions and covered with clothes and tray to maintain
darkness. The observations were taken on the presence of
insects in each half of the filter paper at 4, 6 and 8 hrs. The
experiment was replicated three times and the results were
given as the percentage of insects present in the untreated
part.

P = [(Nu—Nt) / (Nu +Nt)] x 100

Where,

P-%repellency; Nu - Number of insects present in untreated
area;

Nt - Number of insects present in treated area.

a b

Fig 1: Filter paper bioassay (a) Treated halves of the filter paper
before drying (b) Setup of treated half (light yellow) with untreated
half (white) inside petri plates

GCMS analysis

The active components of botanicals having more
repellency were characterised using Gas Chromatography
Mass Spectroscopy (GC-MS) techniques which is a
common tool for initial screening which provides spectral
output of all the compounds that gets separated from the
sample (Hori et al., 2019). The extract was freeze dried
(Lark 4kg model) and 1g of the freeze-dried extracts was
transferred into a 100 ml volumetric flask and added 25 ml
of ethanol. The mix was vortexed for 15 minutes. The
contents were centrifuged (Make: Remi; Model: R-8C BL)
at rpm and the supernatant liquid was injected in the GC
(Make: Bruker; Model: Scion 436-GC). The obtained mass
spectra from the GC-MS were compared with the NIST
library. The peak area, retention time and molecular formula
were used for the confirmation of the presence of
phytochemicals (Mangang et al., 2020).

Data analysis

The experiments were laid out in Minitab software. Lately,
Turkey’s test was conducted to check the significance and
determine the plants having the highest repellency. The
reported means and standard deviation are of original data
given in percentage (Mangang et al., 2020).

Results and Discussion

Repellent effect of six medicinal plant extracts against
adults of T. castaneum in filter paper test

Effect of aqueous and acetone extract (2%) of plants against
T. castaneum

The results showed that the acetone extract (2%) of
Kuppaimeni leaves gave the highest repellency (98.33%)
against T. castaneum after 8 hrs of treatment (p<0.05).
Nevertheless, the aqueous extract (2%) of neem (93.33%)
and Kuppaimeni leaves (91.67 %) gave significantly
different repellent action after 6 hrs of treatment (p<0.05).
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However, there is no significant difference between the
aqueous plant extracts after 8 hrs of treatment (p<0.05),
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even with neem leaves obtaining 96.67 per cent repellency
(Table 2).

Table 2: Repellency of plant extracts (2%) at various exposure periods (4, 6 and 8 hrs) against adults of T. castaneum

Plant extract Aqgueous extract (2%0) Acetone extract (2%0)

ant extrac 4 hrs 6 hrs 8 hrs 4 hrs 6 hrs 8 hrs
Kattarvazha 73.33+15.28? 70.00+10.00° 80.00+10.00? 76.67+11.55% | 76.67+11.5% | 66.67+5.77¢
Tulsi 80.00+10.0? 83.33+2.89% 86.67+5.772 73.33+5.772 90.0+0.002 | 86.67+2.89°
Neem 86.67+5.772 93.33+2.892 96.67+5.772 76.67+5.772 | 83.33%5.772 | 95.00+0.00%®
Thyme 70.00£0.00% 86.67+5.772 83.33 +5.772 76.67+5.772 90.0+10.08 | 90.00+0.00%
Betel leaf 80.00+0.00? 85.00+5.00% 90.00+0.00? 76.67+5.77% | 86.67+15.282 | 90.00+0.00%
Kuppaimeni 80.00+10.00? 91.67+2.892 93.33+5.772 86.67+5.778 | 93.33+5.77% | 98.33+2.892
Control 46.76+5.77° 36.67+5.77c 43.33+5.77° 46.67+5.77° | 43.33+5.77° | 46.67+5.779

Values with different letters in the same column differ significantly (p<0.05) Repellent effects given as % Mean repellency + SD in all
treatments. Effect of aqueous and acetone extract (4%) of plants against adults of T. castaneum

The results showed that aqueous extract (4%) of Neem and
Kuppaimeni were recorded cent per cent repellency after 8
hrs which are significantly highest among other plant
extracts (p<0.05) (Table 3). However, there was no
significant difference found in repellency among the

aqueous extract of Neem and Kuppaimeni during 4 and 6
hrs of treatment. The cent per cent repellency was also
shown with acetone extract of Neem and Kuppaimeni after
6 and 8 hrs of treatment with significant difference (p<0.05).

Table 3: Repellency of plant extracts (4%) at various exposure periods (4, 6 and 8 hrs) against adults of T. castaneum.

Plant extract Aqgueous extract (4%0) Acetone extract (4%0)
4 hrs 6 hrs 8 hrs 4 hrs 6 hrs 8 hrs

Kattarvazha 83.33+15.282 93.3345.772 81.67+2.89°¢ 70.00£0.00¢ | 73.33%5.77°¢ | 78.33+2.89¢
Tulsi 73.33+5.772 86.67+5.772 90.00+0.00° 80.00+0.00%¢ | 90.0+0.00® | 90.00+0.00P
Neem 86.67+5.772 96.67+5.772 100.0+0.002 93.3345.77% | 100.0+0.00% | 100.0+0.00?
Thyme 73.3345.772 86.67+5.772 88.33+2.89% 73.3315.77¢ | 80.0+0.00° | 91.67+2.89°
Betel leaf 80.00+0.00? 93.3345.772 90.00+0.00° 76.67+11.55° | 83.33+5.77P | 90.00+0.00P
Kuppaimeni 90.00+0.00? 100.0+0.0? 100.0+0.002 90.00+0.00® | 100.0+0.00% | 100.0+0.002
Control 46.67+5.77° 43.33+5.77° 36.67+5.779 46.67+5.779 | 43.3345.779 | 43.33+5.779

Values with different letters in the same column differ significantly (p<0.05) Repellent effects given as % Mean repellency + SD in all

treatments.

Effect of aqueous and acetone extract (8%) of plants
against adults of T. castaneum

The aqueous extracts of Neem and Kuppaimeni showed
significant difference after 6 and 8 hrs (p<0.05) with cent

per cent repellency (Table 4). Similarly, acetone extracts of
Neem and Kuppaimeni gave significantly highest repellency
of cent per cent at 6 hrs (p<0.05).

Table 4: Repellency of plant extracts (8%) at various exposure periods (4, 6 and 8 hrs) against adults of T. castaneum.

Pl Agueous extract (8%6) Acetone extract (8%0)

ant extract 4 hrs 6 hrs 8 hrs 4 hrs 6 hrs 8 hrs
Kattarvazha 76.67+5.772 80.0£10.00° 86.67+5.77° 70.00+0.00° 80.00+0.00¢ | 90.00+0.002
Tulsi 73.33+5.772 80.00+0.00? 86.67+5.77% 80.00+£0.00* | 80.00+0.00¢ | 90.00+0.002
Neem 80.00+0.00? 86.67+5.77% 90.00+0.0% 80.00+0.00® | 90.00+0.00%¢ | 96.67+5.772
Thyme 83.33+5.778 100.0+0.00 2 100.0+0.002 90.00+0.002 | 100.0+0.00* | 100.0+0.002
Betel leaf 76.6745.772 86.67+5.77% 93.335.77® 73.33+5.77° | 86.67+5.77% | 93.335.772
Kuppaimeni 73.33+5.778 90.00+0.00 90.00+0.00% 73.33+£5.77° | 96.67+5.77* | 90.00+0.002
Kattarvazha 90.00+0.002 100.0+0.002 100.0+0.002 90.00+0.002 100.0+0.008 | 100.0+0.002
Control 46.67+5.77° 43.33+5.77¢ 36.67+5.77¢ 46.67+5.77¢ 43.33+5.77¢ | 53.33+5.77P

Values with different letters in the same column differ significantly (p<0.05)

Repellent effects given as % Mean repellency £ SD in all
treatments.

The phytochemicals used in the study were found to be
effective against T. castaneum. Bouda et al. (2001) reported
that nearly 2000 plants were found to possess antifeedant,
repellent or insecticidal compounds. Sadek (2003) reported
that the plants are abundant source of secondary metabolites
that can be utilized for fabricating environmentally safe
insect management systems for insect control as an
alternative to synthetic insecticide. The results of the present
study depicted that the phytochemicals have potential
repellent property against T. castaneum adults in stored

commodities (Fig. 2). The present outcomes are found to be
in agreement with prior studies where garlic and ginger
extracts were proven effective against Sitophilus zeamais
and T. castaneum, respectively (Epidi and Odili, 2009).
Similarly, C. aequalis were reported to emit strong resistant
aromatic odours that repells weevils (Ntonifor and Monah,
2001). It was reported Piper spp. extracts were found to
possess repellent and insecticidal properties against many
pests (Ntonifor and Monah, 2001). The aromatic bio-active
metabolites present in the aqueous-ethanolic extracts of
Inula racemose also possess repellent and insecticidal
properties against the stored product insect, S. oryzae (Liu et
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al., 2006). Similar results were obtained in the present study
for neem leaf extracts. It was also reported that the plant
extracts in the form of powder, essential oil or solvent may
possess fumigating and repelling property. They may induce
the insects with the metabolites present in the
phytochemical leading to poisoning in the stomach,
coagulation of water thereby blocking the respiratory system
or may act as a barrier against insect infestation (Law-
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Ogbomo and Enobakhare, 2007; Mulungu et al.,, 2007). The
medicinal plants used in the research were safe with low
mammalian toxicity, easily found and grown in nature and
thus can be used in insect management. More advance
research can be performed in formulating mixtures of active
components present in the plant and their mode of effect in
management of insects.

100

Repeliency (%)
= ) I n

-

Kattarvazha Tuls Neem

60

Thyme

Medicinal plants

2% Aqueous
m2% Acetone
4% Aqueous
4% Acetone
m 8% Aqueous
m 8% Acetone

Betd led® Kuppaimen Contro

Fig 2: Comparative repellency activity (8hrs) of six medicinal plant extracts at different concentration

Phytochemicals present in Neem and Kuppaimeni

The GC-MS analysis showed that the phytochemicals
present in Neem were 1-methoxy-5-hexene, triquinacene
and phytol. Among them it was found that phytol has the
highest peak area of 47.72 per cent (Table 5). The GC-MS
analysis of Kuppaimeni reveals that myo-Inositol, 4-C-
methyl-; 1-ethyl-2,6-difluorobenzene; bicyclo [3.1.1]

heptane, 2,6,6-trimethyl-, (1.alpha.,2.beta.,5.alpha.)-; n-
Hexadecanoic acid; phytol; cis-13-octadecenoic acid;
octadecanoic acid were the main active components. It was
found that Myo-Inositol, 4-C-methyl- showed the highest
peak area of 24.61 per cent followed by 1-Ethyl-2,6-
difluorobenzene with 19.87 per cent (Table 6).

Table 5: Major phytochemicals found after GC-MS analysis of neem aqueous extract

Retention time (min) Phytochemical Molecular formula Molecular weight Peak area (%)
11.47 1-Methoxy-5-hexene C7H1602 116.00 15.85
16.33 Triquinacene CaoH1o 130.19 4.87
17.40 Phytol C20H400 296.50 47.72

Table 6: Major phytochemicals found after GC-MS analysis of Kuppaimeni aqueous extract

Retention time (min) Phytochemical Molecular formulaMolecular weightPeak area (%
13.99 Myo-Inositol, 4-C-methyl- C7H1406 194.18 24.61
14.54 1-Ethyl-2,6-difluorobenzene CsHoF 406.40 19.87
15.13 Bicyclo [3.1.1] heptane, 2,6,6-trimethyl-, (1.alpha.,2.beta.,5.alpha.)- CioHis 138.25 4.24
16.16 n-Hexadecanoic acid C16H3202 256.42 6.78
17.37 Phytol C20Ha00 296.50 5.20
17.58 cis-13-Octadecenoic acid C18H3402 282.46 10.42
17.76 Octadecanoic acid C18H3602 284.50 4.49

Sagheer et al., (2013) found that the acetone extract of
Nicotiana tabacum and Salsola baryosma showed
maximum repellency and larval mortality against T.
castaneum at higher concentration (10%). In our study, it
was found that both acetone and aqueous extract of Neem
and Kuppaimeni showed a very good repellent activity.
Aqueous being the most polar, easily accessible to the
farmers and low cost is highly recommendable than acetone,
even though it extracts both polar and non-polar
components. Thus, the GC-MS analysis of aqueous extract
of Neem and Kuppaimeni was conducted. Although many
authors studied the repellency of various botanicals against
insects for longer periods (Jayasekara et al., 2005; Mkolo et
al., 2011; Wekesa et al., 2011), the present study supported
to add new findings and information for developing plant-

based formulations for the management of stored product
insects.

There has been increased resistance of insects to the existing
chemicals used for the stored insect management. The
people were aware of the harmful effects and residues
formed due to the use of chemicals. The lifestyle and
concern about their safety has led to increase preference in
chemical free food commodities. The botanical insecticides
can be extracted from various plant source and are safe
(Freeman and Beattie, 2008). The high volatile nature of
compounds in plants possessing insecticidal activity can be
effectively utilised for managing stored product insects
(Isman, 1997; Regnault-Roger and Hamraoui, 1995).
However, further studies are required for developing
formulations, evaluations in the real situation and
commercialisation.
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Conclusion

This present study revealed that aqueous and acetone
extracts of six medicinal plant possess the repellent action
against T. castaneum and could be of potential for utilising
in the management of T. castaneum. Among the medicinal
plants tested, Neem and Kuppaimeni at 2, 4 and 8 per cent
showed the good repellent effect against T. castaneum.
Therefore, leaf extract of Neem and Kuppaimeni can be
recommended because they are easy accessibility at farm
level, cheap, eco-friendly in nature, safe for humans and
also as good alternative to synthetic insecticides.

The effective repellent activities were observed in the
plants. In the future, research using these screened
botanicals must be carried out and become applicable. For
achieving such great heights, on-site studies as well as
isolation of the bioactive components must be carried out to
endorse the present deductions. After enriching the
formulation with the suitable plant species, it is possible to
commercialize for the usage of farmers to safe guard the
grains free from insect damage in the small and large-scale
storages. The botanicals possess potential as a eco-friendly
management method to reduce the usage of chemical
insecticides in stored grain pest management. Research
focusing on simple and effective applicable methods will be
needed to utilize the screened botanicals for insect
management.
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