International Journal of Entomology Research
www.entomologyjournals.com

ISSN: 2455-4758

Received: 02-03-2021, Accepted: 03-04-2020, Published: 03-05-2021
Volume 6, Issue 3, 2021, Page No. 05-10

Formulation, characterization, and evaluation of the insecticidal activity of thymus vulgaris oil
nanoemulsion against the agricultural pest Aulacophora foveicollis (Red pumpkin beetle)
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Abstract

Natural products such as plant essential oils are formulated as nanoemulsion and widely used in the application of insect pest
control. Thymus vulgaris, an essential oil has many biological properties naturally. In the present study, using the GC-MS
instrumentation the major chemical components of the thyme oil were identified. The chemical component, thymol was
identified with the highest peak area of 15.65%. The O/W nanoemulsion was then formulated using the following components
such as oil, surfactant, acetone and distilled water by ultrasonication method. The formulated nanoemulsion was investigated
for the stability study and the stable nanoemulsion was characterized by DLS method with the mean droplet diameter of
12.81nm, PDI was 0.13 and zeta potential +59.4 mV values, everything together proves to have a good stability of the
formulated emulsion and the mean pH value were also found to be 5.43 using pH meter. The nanoemulsion and the bulk
emulsion were screened against the adult beetle, Aulacophora foveicollis to assess the insecticidal activity at different
concentrations. The nanoemulsion has shown the higher insecticidal activity when compared to the bulk emulsion with an
effective LCso value 73.3% in nanoemulsion and 29.9% in bulk emulsion respectively. Therefore, from our study it could be
concluded that nanoemulsion may be used as an effective agent against the agricultural pest Aulacophora foveicollis and also

alternative for synthetic chemicals for sustainability of environment.
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Introduction

In the past few years, several studies have focused on the
potential use of essential oil applications in biological
control of different insect pests. The essential oils are more
rapidly degraded in the environment than synthetic
compounds (Pillmore, 1993) ¥l Since, essential oils are
natural products (Baser, 2010) ™ and mainly consist of
secondary metabolites such as alkaloids, terpenoids,
flavonoids, phenol, polyphenols, glycosides and tannins (Ge
and Ding, 1996) 2. Formulating such essential oils into
nano-emulsion method can be used, to decrease the quantity
of essential oils required (Qian, 2012) 9 and it is also a
recent favorable method to improve botanical insecticide
characteristics and effectiveness for commercial usage
(Anjali et al., 2012) . The genus Thymus, member of the
Lamiaceae family, consist of about 400 species and many
more subspecies (De Martino 2009). Among them the most
widely used species is Thymus vulgaris, which is generally
known as the common or garden thyme. Investigations were
done based on the chemical composition and biological
properties of the Thymus vulgaris essential oil (Rassooli,
2004, Baydar, 2004 and Kabouche, 2005) [20.5 131,

The aim of our study was first to identify the chemical
components of thyme oil, then formulate, Thymus vulgaris
essential oil into nanoemulsion using ultrasonication method
and to assess the insecticidal activity of the Thymus vulgaris
oil nanoemulsion against the serious agricultural pest of
cucurbit plants, Aulacophora foveicollis. The adult beetles
are polyphagous and most destructive in nature (Doharey,
1983) 101,

Materials and Methods

Materials

The materials used for the study were thyme essential oil,
Tween 80 as surfactant, acetone as solvent and distilled
water.

Insect collection and rearing

Insects were collected early morning from the
cucurbitaceous plants by hand picking method in the
vicinity of Madras Christian College campus. Insects were
reared under the laboratory condition and fresh leaves
collected from the cucurbit plants were provided to them
every day early in the morning.

GC-MS analysis

GC-MS analysis was performed by using JEOL, GC MATE
Il (GC Model), quadruple double focusing detector. One
microliter of the extract was injected into the split less mode
in an injection port of the GC column. The inlet temperature
has been set at 220 °C for about 1 min then 10 °C min™.
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 the scam mode. MS quad temperature was
about 250 °C. lons 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
represents the relative percentage of the constituents present
in the sample.
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Preparation of nanoemulsion

The O/W nanoemulsion type was utilized, to prepare the
nanoemulsion using thyme oil, surfactant Tween 80, solvent
acetone and distilled water. The concentration of thyme oil
(10%, v/v) and acetone (6%, v/v) was fixed for all the
formulations. The 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 method. The formulated
nanoemulsion was investigated for its stability and
characterized by different techniques. Bulk emulsion was
prepared using the Thyme oil (10%, v/v), Tween 80 (15%,
v/v), acetone (6%, v/v), and distilled water (69%, v/v).

Characterization of nanoemulsion

Thermodynamic stability study: By different stress study,

the stability of the emulsion could be identified (Shafiq et

al., 2007) 31,

1. Centrifugation: The formulated emulsions were
centrifuged at 1500 rpm for 30 min. After
centrifugation, the emulsions were observed for any
phase separation.

2. Heating-cooling cycle: The formulated emulsion was
kept at alternate temperature at 40 °C and 4 °C for 48
hours and it was performed in triplets.

3. Freeze-thaw stress: The formulated emulsion was kept
at the alternate temperature at -21 °C and 25 °C for 48
hours and this experiment was also triplicated.

Finally, the stable emulsion was examined for the
characterization parameters.

pH measurement

The pH value of the nanoemulsion was measured using the
pH meter at room temperature. The measurement was
carried out in triplicates.

Droplet size distribution, PDI & Zeta potential

The droplet size distribution, polydispersity index (PDI) and
zeta potential of thyme oil nanoemulsion formulation was
determined by dynamic light scattering using a Nanotrac
Wave IlI; Make- Microtrac Inc, (USA). Prior to the
measurement studies, the emulsion was diluted with 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 in 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 prepared nanoemulsion and bulk emulsion using thyme
essential oil were screened for its efficiency under the lab
condition against the adult beetles, Aulacophora foveicollis
using the leaf dipping method at different concentrations
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such as 10, 20, 30 & 40% respectively. The control
experiment was treated with acetone. Each treatment
consists of 10 beetles and freshly treated and untreated
leaves were provided every 24 hours. The treatment was
carried out for about 96 hours and mortality was recorded
after every 24 hours. Each concentration was triplicated and
mortality percentage was calculated.

Statistical analysis

The data were subjected to mean, standard deviation and the
values of LCso were calculated by using the probit analysis
method (Chi, 2009) 1. The significant difference between
the treatment was analysed with one-way ANOVA (P<0.05)
using the software SPSS, version 24.

Results and Discussion

The chemical composition of Thymus vulgaris oil was
evaluated by using GC-MS method. Thymus vulgaris
showed the presence of 15 chemical composition among
them the major compounds were found to be thymol with
the high peak area of 15.65%, followed by Carvacrol with
14.08%, Linalool with 12.08% and so on (Table 1 & Fig 1).
The compounds found in our study were already reported to
have a strong biological activity such as antibacterial
(Sagdic and Ozkan, 2003) 4, antifungal (Sokmen et al.,
2004) 7. 241 antioxidant (Tepe et al., 2005 and Marija
Boskovic et al., 2019) % 4 and insecticidal activity
(Szczepanik et al., 2012) 8, The chemical compounds
identified in this study were almost in line with the data of
Baranauskiene et al., (2003) ! and Boruga et al., (2014) [,
After the stability study of all the formulated nanoemulsion,
the stable nanoemulsion were examined for characterization.
The stable nanoemulsion consisted of the mean droplet
diameter of 12.81nm with 0.13 PDI value (Fig 2). Dordevic
et al., 2015 M, has reported the particle size around 160 nm
and PDI less than 0.15 of risperidone nanoemulsion.
Currently, Samah et al., 2021 22, has also reported the mean
droplet diameter of Thymus vulgaris nanoemulsion was
about 52 nm with PDI value 0.15. In our study, the thyme
oil nanoemulsion provides less particle size and PDI value
when compared with others, which indicated the good
stability and homogeneity of the nanoemulsion.

Zeta potential of above £ 25 mV proves to be the good
stability of the formulated nanoemulsion. In our study, the
zeta potential was found to be +59.4 mV, it indicates the
good stability of the Thymus vulgaris nanoemulsion.
Furthermore, Dordevic et al has also obtained zeta potential
of -50 mV for risperidone nanoemulsion.

The pH value also indicated the stability of the
nanoemulsion and the pH mean value recorded in our study
is 5.43, which is lower than the pH value of rice bran oil
nanoemulsion by Daniela S Bernardi et al., 2011 1 and also
in agreement with the pH value of acetazolamide
nanoemulsion by Morsi et al., 2014 which indicated the
non-irritant for skin and eye.
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Table 1 Components of Thyme oil

S. No R. Time Name of The Compound Molecular Formula Area %
1 14.73 B-Myrcene CioH16 2.7
2 17.6 Borneol C19H410 7.45
3 20.33 Hexadecenoic acid, methyl ester C17H3,0, 3.97
4 24.33 Thymol C10H140 15.65
5 24.85 Camphor C10H160 5.8
6 25.25 a- Caryophyllene CisHa4 6.55
7 25.67 Carvacrol C10H140 14.08
8 25.98 Camphene CioH16 3.01
9 26.32 a-Phellandrene CioH16 5.06
10 26.97 Linalool C10H;180 12.08
11 27.28 4-Thujanol C1oH150 4.06
12 28.15 D-Limonene CioH16 3.01
13 29.15 Octadecanoic acid, methyl ester C19H350, 2.79
14 29.88 a -Pinene CioHi16 2.77
15 30.85 y-terpinene CioH16 2.02
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Fig 1: Chromatogram of Thymus vulgaris oil
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Fig 2 Particle size distribution by DLS

Efficacy of Thymus vulgaris nanoemulsion

The bioassay of the nanoemulsion formulation of Thymus
vulgaris demonstrated toxicity effects on adult beetles,
Aulacophora foveicollis. In our study, the nanoemulsion and
the bulk emulsion of thyme oil at different concentrations
were treated against the agricultural pest, Aulacophora
foveicollis. Among the treated concentrations, 40%
concentration has showed the highest mortality percentage
with 73.3% in nanoemulsion and 29.9% in bulk emulsion
respectively and no mortality was observed in the control
samples. It has been observed that the calculated LCso value
of thyme nanoemulsion formulation is more effective with
26.30% than the LCso value of the bulk emulsion with
89.12% respectively (Table 2 & Fig 3) and the one-way
ANOVA also indicates a high significant difference among
the 40% concentration of two different emulsions (df= 1,

MS= 28.167, F= 42.250, p<0.003). The small size of the
droplet helps to act efficiently on the cuticle of insects and it
also helps to protect the secondary metabolites and guard in
controlled release of bioactive ingredients on insects
(Nuruzzaman et al., 2016) [, The particle size of the
nanopermethrin against the larvae of Culex quinquefasciatus
was studied by Anjali et al., 2011 ™, The results obtained in
the present work is compatible with Sugumar et al., 2014,
were the nanoemulsion of eucalyptus oil is highly effective
towards the Culex quinquefasciatus larvae, were compared
to the bulk-emulsion. The small particle size of
nanoemulsion also simplify the more contact of pest
(Massoud et al., 2018) [*31. Overall, from our study Thymus
vulgaris oil nanoemulsion may be used as an effective
insecticidal activity against the agricultural pest,
Aulacophora foveicollis.
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Fig 3: Comparison of Nanoemulsion and Bulk emulsion of Thymus vulgaris oil against the adult beetles, Aulacophora foveicollis.
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Table 2: Bioassay of Thymus vulgaris oil, nano emulsion and bulk emulsion against the adult beetle, Aulacophora foveicollis.

; Concentrations - - - - P LCso )
Bioassay (VIV) (%) 24 Hrs (in %) |48 Hrs (in %) |72 Hrs (in %) |96 Hrs (in %) | Total Mortality (in %) (VIv) (%) R
10% 0.00 0.00 3.33 16.67 20.00
. 20% 0.00 6.67 6.67 16.67 30.01
Nanoemulsion 30% 1333 6.67 13.33 20.00 53.33 26.30 0.9774
40% 16.67 13.33 16.67 26.67 73.34
10% 0.00 0.00 0.00 3.33 3.33
. 20% 0.00 3.33 3.33 3.33 9.99
Bulkemulsion 30% 6.67 3.33 3.33 0.00 13.33 89.12 1 09
40% 3.33 13.33 0.00 13.33 29.99
Conclusion probit analysis 2009 http//140.120.197.173/Ecology/

In our study, the chemical components of the Thymus

vulgaris oil

was identified and then the prepared

nanoemulsion of Thymus vulgaris ensures the higher
efficacy as an insecticidal activity against the agricultural
pest Aulacophora foveicollis than compared to its bulk
emulsion. Therefore, Thymus vulgaris nanoemulsion is
effective against the agricultural pest and is found to be safe
for environment than synthetic pesticides.

Acknowledgment

The authors wish to thank the Department of Zoology,
Madras Christian College for enabling us to conduct the
Research and the University of Madras. We also thank
Sophisticated Analytical Instrument Facility (SAIF), Indian
Institute of Technology, Madras (I1TM), Chennai, for GC-
MS analysis and “Vels Institute of Science, Technology &
Advance studies (VISTAS), Chennai for DLS.

References

1.

Anjali CH, Sudheer Khan S, Goshen KM, Magdassi S,
Mukherjee A, Chandrasekaran N. “Formulation of
water  dispersible nanopermethrin  for larvicidal
applications”  Ecotoxicology and Environmental
SafetyM,2011:73:1932-1936.
https://doi.org/10.1016/j.ecoenv.2010.08.039

Anjali CH, Sharma Y, Mukherjee A, Chandrasekaran
N. “Neem oil (Azadirachta indica) nanoemulsion: A
potent larvicidal agent against Culex quinquesfasciatus”
Pest Management Science,2012:68:158-163.
https://doi.org/10.1002/ps.2233.

Baranauskiene R, Viskelis P, Dambrauskiene E.
“Influence of Nitrogen Fertilizers on the Yield and
Composition of Thyme (Thymus vulgaris)” Journal of
agricultural and Food Chemistry,2003:51:7751-7758.
https://doi.org/10.1021/jf0303316

Baser KH. “Handbook of Essential Oils: Science,
Technology, and Applications / K. Hisnii Can Baser,
Gerhard  Buchbauer” ISBN  978-1-4200-6315-8.
Universitat Wien, Austria, 2010.

Baydar H, Sagdic O, Ozkan G, Karadogan T.
“Antibacterial activity and composition of essential oils
from Origanum, Thymbra and Satureja spices with
commercial importance in Turkey” Food
Control,2004:15:169-172.
https://doi.org/10.1016/S0956-7135(03)00028-8
Boruga O, Jianu C, Misca C, Golet I, Gruia AT, Horhat

FG. “Thymus vulgaris essential oil: Chemical
composition and antimicrobial activity” Journal of
Medicine and Life, 2014:7:56-60.

https://www.ncbi.nlm.nih.gov/pubmed/25870697
Chi H. “Probit-MSChart: A computer program for

10.

11.

12.

13.

14.

15.

16.

(accessed January 2012).

Daniela S Bernardi, Tatiana A Pereira, Naira R Maciel,
Josiane Bortoloto, Gisely S Viera, Gustavo C Oliveira
et al. “Formation and stability of oil in water
nanoemulsions containing rice bran oil: in vitro and in
vivo assessments” Journal of Nanobiotechnology, 2011,
44, http://dx.doi.org/10.1186/1477-3155-9-44

De Martino L, Bruno M, Formisano C, De Feo V,
Napolitano F, Rosselli S et al. “Chemical Composition
and Antimicrobial Activity of the Essential Oils from
Two Species of Thymus Growing Wild in Southern
Italy” Molecules,2009:14(11):4614-4624.
https://www.ncbi.nlm.nih.gov/pubmed/19924089
Doharey KL. “Bionomics of Red pumpkin beetle
Aulacophora foveicollis (Lucas) on some fruits” Indian
Journal of Entomology,1983:45:406-413.

Dordevic SM, Cekic ND, Savic MM, lsailovic TM,
Randelovic DV, Markovic BD. “Parenteral
nanoemulsions as promising carriers for brain delivery
of risperidone: Design, Characterization and in vivo
pharmacokinetic evaluation” International journal of
pharmaceutics,2015:493:40-54.
https://doi.org/10.1016/j.ijpharm.2015.07.007

Ge F, Ding Y. “The population energy dynamics of
predacious natural enemies and their pest control
activity in different cotton agroecosystems” Acta
Entomologica,1996:39(3):266-273.
https://europepmc.org/article/cba/296977

Kabouche A, Kabouche Z, Bruneau C. “Analysis of the
essential oil of thymus nunidicus (Poiret) from Algeria”
Flavour and Fragrance Journal,2005:20:235-236.
https://doi.org/10.1002/ffj.1433

Marija Boskovic, Milica Glisic, Jasna Djordjevic,
Marija Starcevic, Natasa Glamoclija, Vesha Djordjevic
et al. “Antioxidative Activity of Thyme (Thyme
vulgaris) and Oregano (Origanum vulgare) essential
oils and their effect on oxidative stability of minced
pork packaged wunder vacuum and modified
atmosphere” Journal of Food Science,2019:8(9):2467-
2474, https://doi.org/10.1111/1750-3841.14788
Massoud MA, Adel MM, Zaghloul OA, Mohamed
MIE, Abdel-Rahim KH. “Eco-friendly nanoemulsion
formulation of Mentha piperita against stored product
pest Sitophilus oryzae” Advances in Computational
Science and Technology,2018:6(6):1-6.
https://doi.org/10.4172/2329-8863.1000404

Morsi NM, Mohamed MI, Refai H, EI Sorogy HM.
“Nanoemulsion as a novel ophthalmic delivery system
for acetazolamide” International Journal of Pharmacy
Science,2014:6:227-236.
https://www.researchgate.net/publication/286213882.



International Journal of Entomology Research

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

Nuruzzaman M, Rahman MM, Liu Y, Naidu R.
“Nanoencapsulation, Nano-guard for Pesticides: A new
window for safe application” Journal of Agricultural
and Food Chemistry,2016:64:1447-1483.
https://doi.org/10.1021/acs.jafc.5b05214

Pillmore JB, Wright K, Terry AS. “Natural products as
a source of agrochemicals and leads for chemical
synthesis” Pesticide science,1993:39:131-140.
https://doi.org/10.1002/ps.2780390206

Qian C, Decker EA, Xiao, McClements DJ. “Physical
and chemical stability of [-carotene-enriched
nanoemulsions: Influence of pH, ionic strength,
temperature and emulsifier type” Food
Chemistry,2012:132:1221-1229.
https://pubmed.ncbhi.nlm.nih.gov/29243604/

Rassooli I, Razzaghi Abyaneh M. “Inhibitory effects of
thyme oils on growth and aflatoxin production by
Aspergillus parasiticus” Food Control,2004:15(6):479-
483. http://dx.doi.org/10.1016/j.foodcont.2003.07.002
Sagdic O, Ozkan M. “Antibacterial activity of Turkish
spice  hydrosols” Food Control,2003:14:141-143.
http://dx.dol.org/10.1016/S0956-7135(02)00057-9
Samah M, El-Sayed and Hoda S, EI-Sayed.
“Antimicrobial nanoemulsion formulation based on
thyme (Thymus vulgaris) essential oil for UF labneh
preservation” Journal of Materials Research and
Technology,2021:10:1029-1041.https://www.X-
mol.com/paperRedirect/1344029802917535744

Shafiq S, Shakeel F, Talegoankar S, Ahmad FJ, Khar
RK, Ali M. “Development and bioavailability
assessment of Ramipril nanoemulsion formulation”
European  Journal of  Pharmaceuticals and
Biopharmaceuticals,2007:66:227-243.
https://doi.org/10.1016/j.ejpb.2006.10.014

Sokmen A, Gulluce M, Akpultat HA, Deferera D, Tepe
B, Poissiou M et al. “The in vitro antimicrobial and
antioxidant activities of the essential oils and methanol
extracts of endemic Thymus spathulifolius” Food
control,2004:15:627-634.
https://doi.org/10.1016/j.foodcont.2003.10.005
Sugumar S, Clarke SK, Nirmala MJ, Tyagi BK,
Mukherjee A, Chandrasekaran N. “Nanoemulsion of
eucalyptus oil and its larvicidal activity against Culex
quinquefasciatus” Bulletin of Entomological
Research,2014:104(3):393-402.
https://doi.org/10.1017/S0007485313000710
Szczepanik M, Zawitowska B, Szumny A. “Insecticidal
activities of Thymus Vulgaris essential oil and its
components (thymol and carvacrol) against larvae of
lesser mealworm, Alphitobius diaperinus Panzer
(Coleoptera:  Terebrionidae)” Allelopathy Journal
30,2012:(1):129-142.
https://www.researchgate.net/publication/236123087
Tepe B, Sokmen M, Akpultat HA, Deferera D, Poissiou
M, Sokmen A. “Antioxidative activity of the essential
oils of Thymus sipyleus subsp. Sipyleus var. sipyleus
and Thymus sipyleus subsp. Sipyleus var. rosolans”
Journal of Food Engineering,2005:66:447-454.
https://doi.org/10.1016/j.jfoodeng.2004.04.015

www.entomologyjournals.com

10



