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Abstract

Wheat (T.aestivum) is an important dietary component serving as a good source of
carbohydrates, B vitamins and some minerals. In order to preserve the quality, viability of
grains and maintain the food supply, they are stored either at domestic level or large scale
centralized system. During storage, the wheat grains are susceptible to insect-pest attack
especially coleopteran species. Out of these species, Rhyzopertha dominica is the most
dangerous insect-pest, an internal feeder which can damage both sound and cracked kernel.
Infestation depreciates the grain mass and its nutritional as well as aesthetic value rendering it
unfit for human consumption.

In the prevailing agricultural scenario, chemical pesticides are being used to mitigate the post-
harvest losses. Aluminium phosphide is a chemical fumigant being widely used at domestic
level. However, the excessive use of these insect control agents has led to pest resistance and
pesticide residue in food commodity. These synthetic pesticides have deep negative impact on
human health. Researchers worldwide, are exploring safer alternatives to chemical pesticides.
In this background, present study focuses on following main aspects i) Effect of R. dominica
infestation on quality parameters of wheat under storage ii) Development of suitable
bioformulation against R. dominica and its testing under laboratory as well as simulated field
conditions. In addition to this, a preliminary investigation on spatio-temporal movement of R.
dominica to comprehend its biological characteristics useful for designing storage bins has
been carried out.

Effect of R. dominica infestation on quality parameters of wheat under storage was studied by
following standard protocols. At 50% level of R. dominica infestation, carbohydrate, protein
and gluten content of infested wheat was found to decrease by 19.77%, 8.06% and 54.8%,
respectively. 3-D profilometry using optical microscopy and SEM analysis have been
performed to indicate zone of depth and cracks/ cavities within damaged layer of wheat grains,
respectively. Spatio-temporal movement studies revealed that R. dominica adults prefer to
colonize in the upper mass of the glass unit.

Bioefficacy screening of five essential oils (M. arvensis, A. graveolens, C. longa, C. citratus
and C. sinensis) for their pesticidal potential against R. dominica was carried out by employing
different bioassays (contact toxicity, fumigation and repellency). GC-MS analysis of selected
essential oils was also performed to understand the chemical composition. The results from our
study reveal that out of selected essential oils, M. arvensis essential oil showed the highest
insecticidal potential as contact toxicant and fumigant against R. dominica population resulting
in more than 85 % mortality. However, its effectiveness persists only for a few days.

However, literature document that essential oils” effectiveness reduces over time owing to their
volatilization and decomposition. Therefore, spontaneous emulsification method was
employed to develop M. arvensis EO based oil-in-water (O/W) nanoemulsion. Physico-
chemical characterization of the developed nanoemulsion was performed. Particle size analysis
reveals an average droplet size of 11.98 nm with unimodal distribution and rheological studies
indicate viscosity of 140 cP. SEM and TEM analysis showed discrete and spherical
morphology of the droplets. Mentha arvensis essential oil based nanoemulsion resulted in 85%
mortality of R. dominica adults at 2 mg/ml dose after 72 h of exposure. In order to further



enhance the insecticidal property of developed nanoemulsion, synergistic combinations of
other essential oils (4. graveolens and C. longa) and incorporation of aqueous filtrates of
Karnaja (P. pinnata) de-oiled cake and Neem (A. indica) de-oiled cake in the developed
bioformulation were also tried. However, these attempts failed to further improve the mortality
percentage of model pest.

Finally, inorder to achieve pronounced insecticidal property of developed nanoemulsion, 0.5%
copperized neem oil was incorporated in 4.5% mentha oil and a novel integrated nanoemulsion
was prepared. The integrated bioformulation resulted in ~ 92% mortality of R. dominica adults
at 2 mg/ml dose after 72 h of exposure. SEM analysis revealed spherical morphology of
nanoemulsion particles and ocular inspection showed that there was no colour change and
phase separation. Thus, it was found to be stable. Small contact angle (32.93°) of formulation
with galvanized steel surface proved its good wettability and surface adherence which are
important aspects for field applications.

Shelf life studies depicted that menthol - the bioactive constituent of newly developed
integrated nanoemulsion reduced by 4%, 17% and 31% at 10°C, 30°C and 40°C, respectively
over storage period of 02 months. Release kinetics study of the above emulsion from jute
matrix was investigated under different temperature conditions. Retention of menthol
(bioactive constituent) was found to be maximum at 10 C (60%) followed by 30°C (15%) and
least at 40 °C (02%). The physico-chemical characterization of freshly prepared nanoemulsion
and after 02 months of storage under different temperatures indicated the stability of the
developed bioformulation. GC—MS analysis of nanoemulsion confirmed the entrapment of bio-
active constituent — menthol in same concentration (65%) as present in pure essential oil.

The newly developed bioformulation exhibited ~ 92% mortality of R. dominica in contact
toxicity bioassay. Further, in experiments under simulated field conditions, it proved to be
successful in controlling the artificial infestation in wheat grains stored in small jute bags and
in galvanized steel bins. The cytotoxic effect of developed formulations i.e. M. arvensis EO
based nanoemulsion and integrated formulation was investigated using MTT assay on NIH3T3
fibroblast cell lines. The nanoformulation showed 73.7% and 50.7% cell viability at 3.0 mg/ml
and 5.0 mg/ml concentration, respectively. The expected concentration to cause 95% insect
mortality is slightly less than 3.0 mg/ml (2.77 mg/ml). Therefore, the integrated formulation at
the selected dose applied in storage bins or bags are unlikely to cause any toxicity.

Overall, the results of the present study would provide a green alternative for domestic level
grain storage system in rural sector. In fact these research findings form small steps in the
journey of paradigm shift related to food safety.
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