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ABSTRACT
Background: Red pumpkin beetle, Aulacophora foveicollis (Coleoptera: Chrysomelidae), is a serious agricultural pest of cucurbit
plants. Chemical pesticides have been in practice for many years to control the pests. Recently, the plant essential oils were
formulated as nanoemulsion, have gained interest for their effectiveness and eco-friendly nature. The current study was aimed to
assess the efficacy of Mentha piperita nanoemulsion against an agricultural pest A. foveicollis.
Methods: M. piperita essential oil was analyzed by GC-MS technique. Ulrasonication method was used to formulate the nanoemulsion.
The stable nanoemulsion was investigated and characterized by DLS. The efficacy of the nanoemulsion was screened against the
pest of cucurbits, A. foveicollis at different concentrations and compared with its own bulk emulsion.
Result: In GC-MS technique, menthol was found to be the major component with the highest percentage of 16.47 and the nanoemuslion
was prepared in different ratios comprising of peppermint oil, surfactant, acetone and water.  The stable nanoemulsion was investigated
and characterized by DLS with mean droplet size of 10.84nm, PDI was 0.1 and zeta potential was -45 mv, altogether proves to be the
good stability of nanoemulsion. The Bioassay was conducted for about 96 hours and the highest mortality was recorded in the
nanoemulsion than the bulk emulsion. The resulted LC50 value of nanoemulsion is 22.38% ν/ν is found to be effective than the LC50
value of bulk emulsion is 87% ν/ν, respectively. Thus, from the results obtained the nanoemulsion was found to be highly significance
than that of the bulk emulsion. So, nanoemuslion may be used as an eco-friendly agent against the agricultural pest management.
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INTRODUCTION
Red pumpkin beetle, Aulacophora foveicollis Lucas is a
polyphagous pest of cucurbits plants and inflicts damage
of about 30-100% yield loss (Gupta and Verma, 1992 and
Doharey, 1983). The larvae feed on the root tissues and
destroy the newly developed seedlings and the adult
beetles feed voraciously on leaves, flowers and flower bud.
The damage is severe because the beetles are difficult to
control (Narayanan and Batra, 1960). However, this pest
occurs throughout the year and damages the crop severely
mostly at seedling stage (Rajak, 2001).

Essential oils are compounds found in aromatic plants
as a mixture of volatile components, were present as
secondary metabolite in plants (Bassole et al., 2011). This
essential oil was found to act as repellent, fungicidal,
insecticidal and growth -reducing effects on insects (Pooja
singh et al., 2012 and Gaurav et al., 2017). The essential oil
of Mentha piperita are used in cosmetics, aromatherapy,
perfume industry, etc. and are also known to have the
antiviral, antibacterial, antifungal and insecticidal activity
(Saharkhiz et al., 2012 and Samarasekera et al., 2008).
Therefore, the formulation of essential oils into nanoemulsion
is developed for its efficient and potential application in

different fields (Fernandes et al., 2014 and Sugumar et al.,
2014) and also due to its decreased in particle size of
essential oils from original to nano-size (Anjali et al., 2012).
This naturally occurring components from the plants were
considered to be very essential source and may be used as
an alternate for synthetic pesticides for the insect-pest
management (Rattan, 2010). The aim of our study was to
evaluate the chemical constituents present in the M. piperita
essential oil and then to formulate nanoemulsion by
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ultrasonication method and to assess the insecticidal activity
of M. piperita oil nanoemulsion against the agricultural pest
of cucurbit plants, A. foveicollis.

MATERIALS AND METHODS
Materials
Peppermint oil, Tween 80, acetone and distilled water was
used for the preparation of nanoemulsion.

Insect collection and rearing
Insects were collected with in the vicinity of Madras Christian
College during the early morning from the cucurbitaceous
plants. Insects were maintained in laboratory, at room
temperature, 33C with relative humidity 67 ± 1%. The fresh
leaves of cucurbit were provided to the insects daily early in
the morning. The research duration was conducted from
august 2019 to February 2020.

2.3 GC-MS analysis
GC-MS analysis was performed by using JEOL, GC MATE
II (GC Model), quadruple double focusing detector. One
microliter of the extract was injected in split less Mode in an
injection port of GC column. The inlet temperature was set
at 220C for about 1 min then 10C min-¹. Total run time was
set up to 60 min. Helium gas was used as the carrier gas at
the constant flow rate of 1.0 mL/min. The interface
temperature (GC to MS) was set to be at 250°C.

MS was set in scam mode. MS quad temperature was
250C. Ions were obtained by an electron ionization mode.
Molecular ions (mass range) were monitored for the
identification which was set 50-600 m/z. peak area denoted
the relative percentage of constituents.

Preparation of nanoemulsion
The oil in water (O/W) nanoemulsion was formulated using
peppermint oil, surfactant (Tween 80), acetone and
distilled water. The concentration of peppermint oil (10%,
v/v) and acetone (6%, v/v) was fixed for all the formulations.
Initially, coarse emulsion was prepared by adding distilled
water to organic phase containing oil and surfactant in
different ratios using a magnetic stirrer, which was then
subjected to ultrasonication. The formulated nanoemulsion
was investigated for its stability and characterized by
different techniques. Bulk emulsion was also formulated
using peppermint oil (10%, v/v), acetone (6%, v/v), Tween
80 (15%, v/v) and water (69%, v/v). The general composition
of the formulation is mentioned in the Table (1).

Characterization of nanoemulsion
Thermodynamic stability study: To prove the stability,
formulated emulsion was subjected to different stress tests
(Shafiq et al., 2007).

I. Centrifugation: The formulated nanoemulsions were
    centrifuged at 1500 rpm for 30 min and observed for phase
   separation, if any. It was triplicated.
II. Heating-cooling cycle: This was carried out by keeping
   the nanoemulsion at 40 and 4C, alternating each
   temperature for 48 h. The cycle was repeated thrice.
III. Freeze-thaw stress: This was carried out by keeping the
    nanoemulsion alternatively at -21 and 25C for each
    48 h at each temperature. This cycle was also repeated
    thrice.

The formulation that passes through the thermodynamic
stress tests was taken for the further characterization of
studies.
pH measurement
The pH value was measured by using the digital pH meter,
Model lll E. The electrode has immersed into the emulsion,
using the calibrated pH meter the reading was noted and
the measurement was repeated for three times.
Droplet size distribution, PDI and Zeta potential
The droplet size distribution (by volume) and polydispersity
index (PDI) of peppermint oil nanoemulsion formulation
was determined by dynamic light scattering using a
Nanotrac Wave II; Make- Microtrac Inc, (USA). Prior to the
measurement studies, emulsion was diluted using double
distilled water (1:100) and the Samples were equilibrated at
25C for 1 min. The measurements were performed and the
average droplet size was expressed as the mean diameter.
The surface charge of the nanoemulsion droplets was
determined by measuring the electrophoretic mobility at 25°C
and the values of zeta potential were expressed in mV.

Bioassay
The bioassay was carried out to evaluate the insecticidal
activity of peppermint essential oil nanoemulsion and
bulkemulsion for its efficacy against the adult beetles, A.
foveicollis. The nanoemulsion and bulkemulsion was
screened against the A. foveicollis at different concentrations
such as 10, 20, 30 and 40% (v/v). Each treatment was
consisting of 10 adult beetles, were placed into ventilated
plastic box (7.75 x 6.87 x 3.50). Approximately, similar sizes
of the fresh leaves of cucurbits were chosen for the entire

Table 1: Composition of the nanoemulsion formulations.

Materials % v/v F1 F2 F3 F4

Peppermint oil 10 10 10 10
Acetone 6 6 6 6
Tween 80 6 12 18 24
Distilled water 78 72 66 60
Initial physical appearance White emulsion White emulsion Translucent Clear transparent
After stability study Phase separation Phase separation Phase separation Stable
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treatment. By leaf dipping method, the fresh leaves were
dipped in to the emulsions and the leaves were air dried for
half an hour before the treatment. The entire treatment was
setup for 24, 48, 72 and 92 hours respectively. Finally, for
every 24 hours the leaves treated with the emulsions at
different concentrations were provided to the beetles of
treatment groups and the leaves treated with the acetone
alone were provided to the beetles of control groups. Each
test was performed in three replicates and the mortality was
recorded after every 24 hours of treatment and the
percentage mortality was calculated.

Statistical analysis
The data were subjected to mean, standard deviation and
the values of LC50 were calculated by using the probit
analysis method. The significance difference between the
treatment were analyzed with one way ANOVA and multiple
comparison between the variable were determine with
Turkey’s post Hoc test (P<0.05) using the software SPSS,
version 24.

RESULTS AND DISCUSSION
GC-MS analysis of M. piperita
The M. piperita essential oil were analyzed by GC-MS. As a
result, the 15 main constituents were identified and the major
bioactive compound was found to be menthol with the
highest percentage (16.47%), followed by Pulegone
(15.56%), D-Limonene (11.16%) (Table 2 and Fig 1). Based
on the literature surveys, the menthol was found to be the
main component of M. piperita essential oils Iscan et al.
(2002) and Sokovic et al. (2009) and reported to have the
analgesic, anti-inflammatory, and antimicrobial properties
Kamatou et al. (2013). The chemical constituents of M.
piperita  oil investigated in our study were mostly
monoterpenes. The quantity and type of the monoterpenes
present in the essential oil also indicates the improvement

of the insecticidal activity of the naturally produce essential
oil Chauhan et al. (2018).

Characterization of nanomeulsion
After passing the stability stress, the stable nanomeulsion
(Table 1 and Fig 2) were analyzed for characterization. The
pH of the formulated nanoemulsion was found to be 5.58.
Morsi et al. (2014) measured the pH of acetazolamide
nanoemulsion and was found to be 4.9 to 5.5, which
indicates to be non-irritant for eye.

The particle size was analyzed for the mean droplet
diameter were found to be 10.84 nm with the 0.1 PDI value.
Anjali et al., 2012 have already reported the effectiveness
of A. indica nanoemulsion against the C. quinquesfasciatus,
larvicidal activity is due to the particle size of the nanoemulsion.

Fig 1: Chromatogram of peppermint oil.

Table 2: Components of peppermint oil.

R. Time Name of the compound Molecular formula Area %

11.05 Patchoulane C15H26 3.07
13.07 β- Farnesene C15H24 3.77
14 α-cis-ocimene C10H16 3.19
14.75 E-1,6-undecadiene C11H20 5.00
15.98 Caryophyllene C15H24 1.88
16.63 Menthol C10H20O 16.47
17.48 D-Limonene C10H16 11.16
18.12 Pulegone C10H16O 15.56
18.82 Menthone C10H18O 8.21
20.05 (+)-Camphene C10H16 7.36
21.38 Ethyl farnesoate C17H28O2 6.77
23.13 Aromadendrene C15H24 5.58
25.52 Copaene C15H24 4.23
26.78 Tridecanoic acid, methyl ester C14H28O2 4.09
28.83 n-Hexadeconoic acid C16H32O2 3.66

Fig 2: Particle size distribution by DLS
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PDI value represents the non-uniformity in particle size,
Hoeller et al. (2009) have reported the lesser the PDI value
provides the good stability of the nanoemulsion.

Shi et al. (2017) has already reported that the zeta
potential values greater than + or – 25 mV, indicates the
good stability of the particles. Therefore, the zeta potential
was found to be-45 mV in the present research, which
indicates the good stability of the nanoemulsion. Over all,
the characterization of the nanoemulsion showed a better
particle size with low PDI values, zeta potential and pH
values, which proves the good stability of the nanoemulsion.
Further, the nanoemulsion was also physically observed
for six months in the room temperature, for any phase
separation. Hence, no phase separation occurred which
also indicates the good stability of the nanoemulsion.
Efficacy of Mentha piperita nanoemulsion
In the present study, the stable nanoemulsion of M.
piperita was screened for its efficacy against the serious
agricultural pest A. foveicollis in different concentrations
and also compared with the bulk emulsion of the same.
From the above treatment,  the h ighest mortality
percentage was recorded at the 40% concentration of
nanoemulsion with 86.6% v/v and bulkemulsion with
36.6% v/v respectively. The highest mortality occurred in
nanoemulsion formulation is due to the small size of the
droplet. While no mortality was observed in the control
samples. It has been observed that the nanoemulsion
formulation of peppermint oil is more effective with LC50
22.38% than the bulk emulsion LC50 : 87% (Table 3 and

Table 3: Bioassay of nano and bulk emulsion peppermint against adult beetle, Aulacophora foveicollis.

Bioassaty Concentrations 24 HRS 48 HRS 72 HRS 96 HRS Total LC50 R²
 (V/V) (%) (%) (%) (%) (%) mortaIity (%)

Nanoemulsion 10% 13.33 10.00 0.00 0.00 23.33 22.38 0.9401
20% 10.00 10.00 6.67 3.33 30.00
30% 13.33 6.67 20.00 16.67 56.67
40% 23.33 33.33 30.00 0.00 86.66

Bulkemulsion 10% 0.00 3.33 6.67 0.00 10.00 87 0.9403
20% 0.00 0.00 6.67 6.67 13.34
30% 0.00 10.00 6.67 6.67 23.34
40% 10.00 6.67 6.67 13.33 36.67

The highest significant mortality was observed at 40% of nanoemulison. Confidence limit at 95%.

Fig 3: Comparative study between the M. piperita Nanoemuslion and Bulkemulsion, against the adult beetles, A. foveicollis.

Fig 3). Based on the results obtained, a significance
increase in the mortality of A. foveicollis is also due to
the increase in the concentration of nanoemulsion (df=
1, MS= 37.500, F= 13.235, p<0.022), the increase in
ingredient reveals the high effectiveness, as reported by
many researchers earlier such as Mojgan Heydari et al.
(2019) and Anjali et al. (2012). The several parameters
such as concentration of the formulation, preparation
timing, exposure timing, insect species and method of
application, plays an important role in the insecticidal
efficiency of the nanoformulation Mojgan Heydari et al.
(2019) and Anjali et al. (2012). Now-a-days, nanoemulsions
where also used as botanical insecticides, such as the
Manilkara  subser icea  essent ial o il formulated  as
nanoemulsion showed the insecticidal activity against
Dysdercus peruvianus Fernandes et al. (2014). Hashem
et al., (2018) reported that essential Oil of Pimpinella
anisum nanoemulsion showed the insecticidal activity
against Tribolium castaneum. Recently, the peppermint
oil nanoemulsion was also reported to consist of aphicidal
activity Mojgan Heydari et al. (2019). Therefore, the
results obtained in the present work is compatible with
Anjali et al. (2011) the nano-permethrin is more effective
towards the C. quinquefasciatus larvae, than compared
to the bulk-permethrin, it was demonstrated it is due to
the size effect. In the current research work, M. piperita
nanoemulsion has shown the high sign ificance as
insec tic idal activity against the agricu ltural pest A.
foveicollis, of cucurbit plants when compared to its
bulkemulsion.
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CONCLUSION
Nanotechnology is a boon for the development of modern
techniques for the improvement in agricultural sector. Over
all from the results obtained, the present study proved that
the efficiency of formulated nanoemulsion of M. piperita
ensures the higher efficacy as an insecticidal activity against
the adult beetles, A. foveicollis when compared to its bulk
emulsion under laboratory condition. Therefore, nanoemulsion
may be used as an alternative of synthetic pesticides for
the agricultural pest management because of its significant
impact as insectic idal activity and environmental
sustainability.

ACKNOWLEDGEMENT
The authors wish to thank the University of Madras and
Madras Christian College for enabling us to conduct the
Research. We also thank Sophisticated Analytical
Instrument Facility (SAIF), Indian Institute of Technology,
Madras (IITM), Chennai, for GC-MS analysis and “Vels
Institute of Science, Technology and Advances studies
(VISTAS), Chennai for DLS analysis.

REFERENCES
Anjali, C.H., Sudheer Khan S., Goshen K.M., Magdassi S.,

Mukherjee A. and Chandrasekaran N. (2011). Formulation
of water dispers ible nanopermethrin for larvic idal
applications. Ecotoxicology and Environmental Safety.
73: 1932-1936. https://doi.org/10.1016/j.ecoenv.2010.08. 039.

Anjali, C.H., Sharma Y., Mukherjee A. and chandrasekaran, N. (2012).
Neem oil (Azadirachta indica) nanoemulsion: A potent
larvicidal agent against culex quinquesfasciatus. Pest
Manage Science 68:158-163. https://doi.org/10.1002/
ps.2233

Bassole, I.H.N., Lamien Meda A., Bayala B., Obame L.C., Ilboudo
A.J., Franz C., Novak J., Nebie R.C., Dicko, M.H., (2011).
Chemical composition and antimicrobial activity of
Cymbopogon c itratus and Cymbopogon giganteus
essential oils alone and in combination. Phytomedicine.
18: 1070-1074. https://doi.org/10.1016/j.phymed. 2011.05.009

Chauhan, N., Malik A. and Sharma S. (2018). Repellency potential
of essential oil against housefly, Musa domestica L.
Environmental Science and Pollution Research. 25(5):
4707-4714. https://doi.org/10.1007/S11356-017-0363-X.

Doharey, K.L. (1983). Bionomics of Red pumpkin beetle Aulacophora
foveicollis (Lucas) on some fruits. Indian Journal of
Entomology. 45: 406-413.

Fernandes C.P., De Almeida F.B., Silveira A.N., Gonzalez M.S.,
Mello, C.B., Feder, D., Apolinario R., Santos M.G., Carvalho
J.C.T., Tietbohl L.A.C., Rocha L. (2014) Development of
an insecticidal nanoemulsion with Manilkara subsericea
(Sapotaceae) extract” Journal of Nanobiotechnology. 12
(1): 22. https://doi.org/10.1186/1477-3155-12-22.

Gaurav, Naik., Ujjwal Bhandari., Garima Gwari and Hema Lohani.
(2017). Evaluation of essential oil of Cymbopogon distans
and Cinnamomum tamala against plant pathogenic fungi.
Indian Journal of Agricultural Research 51(2): 191-193.
DOI: 10.18805/ijare.V0iOF.7641.

Gupta, D. and Verma A.K. (1992) Population fluctuations of the
grubs of red pumpkin beetle, Aulacophora foveicollis
(Lucas) infesting cucurbitaceous crops. Advances in
Polymer Science. 5: 518-523.

Hashem, A.S., Awadalla S.S., Zayed G.M., Maggi F. and Benelli G.
(2018) Pimpinella anisum essential oil nanoemulsions
aginst Tribolium Castaneum-Insecticidal activity and
mode of action. Environmental Science and Pollution
Research. 25: 18802-18812. http://doi.org/10.1007/
s11356-018-2068-1.

Hoeller, S., Sperger A. and Valenta C. (2009). Lecitine based
nanoemulsions: A comparative study of the influence of
non-ionic surfactants and the cationic phytosphingosine
on physiochemical behavior and skin permeation.
International Journal of Pharmacology 370: 181-186. DOI:
10.1016/j.ijpharm (2008).11.014.

Iscan, G., Kirimer, N.M. and Demirci,  F. (2002). Antimicrobial Screening
of Mentha piperita Essential Oils.  Journal of Agricultural
and Food Chemistry 50: 3943-3946.

Kamatou, G.P.P., Vermaak I., Viljoen A.M and Lawrence B.M.
(2013) Menthol: A simple monoterpene with remarkable
biological properties. Phytochemistry. 96: 15-25. https://
doi.org/10.1016/j.phytochem.2013.08.005.

Mojgan, Heydari, Amirmostafa Amirjani, Mozhgan Bagheri, Iman
Sharif ian and Oodrat Sabahi. (2020) Eco- friendly
pestic ide based on peppermint oil nanoemuls ion:
preparation, physicochemical properties and its aphicidal
activity against cotton aphid. Environmental Science and
Pollution Research. 27: 6667-6679. https://link.springer.com/
article/10.1007/s11356-019-07332-y.

Morsi, N.M., Mohamed, M.I., Refai, H., EI Sorogy, H.M. (2014).
Nanoemulsion as a novel ophthalmic delivery system for
acetazolamide. International Journal of Pharmacy
Science. 6: 227-236. https://www.researchgate.net/
publication/286213882.

Narayanan, E.S. and Batra H.N. (1960) Red pumpkin beetle and
Their Control. Indian Council of Agricultural Research.
New Delhi, India. 2: 1-68.

Rajak, D.C. (2001). Host range and food preference of the red
pumpkin beetle, Aulacophora foveicollis  (Lucas)
(Chrysomelidae: Coleoptera). Agricultural Science
Digest. 21(3): 179-181.

Rattan, R.S. (2010). Mechanism of action of insecticidal secondary
metabolites of plant origin. Crop Production. 29: 913-
920. http://dx.doi.org/10.1016/j.cropro.2010.05.008.

Saharkhiz, M.J., Motamedi, M., Zomorodian, K., Pakshir, K., Miri,
R., Hemyari, K. (2012). Chemical composition, antifungal
and antibiofilm activities of the essential oil of Mentha
piperita L. International Scholarly Research Network
Pharmaceuticals. Vol 12: 1-6. Doi: 10.5402/2012/718645.

Samarasekera, R., Weeraasinghe, I.S. and Hemalal, K.P. (2008).
Insecticidal activity of menthol derivatives against
mosquito. Pest Management Science. 64: 290-295.
https://doi.org/10.1002/ps.1516.

Shafiq, S.., Shakeel F, Talegoankar S., Ahmad F.J., Khar R.K. and
Ali M. (2007) Development and bioavailability assessment
of Ramipril nanoemulison formulation. European Journal
of Pharmaceuticals and Biopharmaceuticals 66: 227-243.
https://doi.org/10.1016/j.ejpb.2006.10.014.



                                                                AGRICULTURAL SCIENCE DIGEST - A Research Journal of Agriculture, Animal and Veterinary Sciences6

Singh, P., Abhay K., Pandey and Tripathi N.N. (2012). Essential
oils: A renewable sources for the management of stored
product insects- A review. Agricultural Reviews. 33 (3):
226-236.

Shi, B., Wang Z. and Wen H. (2017) Research on the strengths of
electrostatic and van der Waals interactions in ionic
liquids. Journal of Molecular Liquid 241:486-488. https:/
/doi.org/10.1016/j.molliq.2017.06.057.

Sokovic, M.D., Vukojevi J., Marin P.D., Brki D.D., Vajs V., Griensven
L.J.L.D. (2009) Chemical composition of essential oils
of Thymus and Mentha species and their antifungal
activities. Molecules 14: 238-249.

Sugumar, S., Clarke S.K., Nirmala M.J., Tyagi B.K., Mukherjee A. and
Chandrasekaran N. (2014). Nanoemulsion of eucalyptus
oil and its larvicidal activity against Culex quinquefasciatus.
Bulletin of Entomological Research. 104 (3): 393-402.
https://doi.org/10.1017 S000748 5313000710.

Natural Insecticidal Activity of Mentha piperita (Peppermint) Oil Nanoemulsion against Agricultural Pest Aulacophora foveicollis....


