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Abstract

Essential oils application in integrated pest management as alternative or complementary to chemical
insecticides appears quite safe and promising. However, the chemical instability, volatility and poor water
solubility remain the main disadvantages of essential oils and must be resolved before being incorporated
into pest management systems. Incorporation of essential oils into a controlled-release nanoformulation is
an efficient approach to overcome these limitations. So the present study aimed to analyze chemical
constituents of Mentha longifolia free and nanoencapsulated essential oils by gas chromatography—mass
spectrometry (GC-MS) and describe a practical approach to synthesize nano hollow silica spheres by sol-
gel method as a Mentha longifolia essential oil carrier. GC-MS analysis resulted in the detection of the 43
components, piperitenone (%32), piperitenone oxide (%24.01) and pulegone (%17.44) were the three
most representative constituents. The success of M. longifolia essential oil encapsulated was characterized
based on some parameters including particle size, zeta potential, polydispersity index (PDI) and
encapsulation efficiency (EE). The optimised reaction mixture consisting of TEOS (0.5 ml), CTAB (0.08
g), essential oil (1 ml), ethanol (13 ml), 25% ammonia (0.5 ml), 2 hours of ultrasonication at room
temperature and emulsification at 15000 rpm for 5 min, resulted in particle size between 66 to 80 nm, a
polydispersity index of 0.2, zeta pontencial of =37 mV and an EE of 79.64%.
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6. Tetraethyl orthosilicate (TEOS)

7. Cetyltrimethyl ammonium bromide (CTAB)

8. Polydispersity Index (PDI)

9. Zeta pontencial

10. Mean hydrodynamic diameter (Z-averages size)
11. Dynamic Light Scattering (DLS) [Zeta sizer
nanoinstrument ZEN 3690 model (Malvern, UK)]
12. Ultrapure Water
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1. Hydrodistillation

2. GC-MS, Agilent 7890N/7975C, USA

3. HP-5, 30 m x 0.25 mm, 0.25 mm film thickness
4. Retention indices (Kovats indices)

5. MS databases (NBS75 K.L MS DATA)
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Figure 1. Ultra violet (UV) absorbance spectrum for water solution of M. EO to detect maximum
absorption wavelength (Amax) (left); M. EO standard curve at Amax = 250 nm (right) (meanz S.E; n=5).
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Figure 2. Molecular structure of the three major compounds found in the Mentha longifolia essential oil.

Table 1. Chemical composition of Mentha longifolia free and nanoencapsulated essential oil during the storage time

(7 month).
Concentration (%)
NO Compound RT . Storage (days)
Pre- formulation 0 9 150 10
1 alpha.-Pinene 6.41 0.85 0.10 0.10 - -
2 Camphene 6.91 0.14 0.14 016 0.14 -
3 Sabinene 7.82 2.49 3.20 330 310 370
4 B-pinene 7.92 1.03 1.06 1.05 - -
5 B -myrcene 8.49 0.77 0.60 - - -
6 Octanol 8.67 0.46 0.40 - - -
7 a-terpinene 9.48 0.11 0.16 - - -
8 Limonene 10.01 0.15 0.10 - - -
9 Cineole 10.09 0.52 0.40 - - -
10 B-OCIMENE Y 10.42 0.36 0.40 0.30 - -
11 y-Terpinene 11.27 0.17 - - - -
12 trans-Sabinene hydrate 11.62 0.11 - - - -
13 a-Terpinolene 12.56 0.12 0.11 0.14 0.23 0.11
14 isopentyl 2-methylbutanoate 13.15 0.25 - - - -
15 trans-pinocarveol 14.78 0.09 - - - -
16 L-menthal one 15.51 2.40 217 1.16 - -
17 p-Menthan-3-one 15.94 0.21 1.10 - - -
18 BORNEOL L 16.04 0.43 0.45 028 031 -
19 CIS-ISOPULEGONE 16.5 0.19 0.12 - - -
20 p-Menth-1-en-4-ol 16.58 0.13 - - - -
21 PARA-CYMEN-8-OL 17.06 0.11 - - - -
22 ALPHA. TERPINEOL 17.23 0.16 0.15 - - -
23 myrtenal 17.37 0.11 0.11 0.13 - -
24 1-Ethyl-4-isopropylbenzene 18.75 1.02 1.02 0.80 0.80 -
25 p-Menth-4(8)-en-3-one 19.85 17.44 18.5 18.81 17.70 22.40
26 CIS PIPERITONE OXIDE 20.57 2.67 2.54 113  0.50 -
27 3-C12H22 20.88 0.16 0.10 - - -
28 2-Cyclohexen-1-one, 3,5-dimethyl- 21.28 0.35 0.21 - - -
29 iso-borny! acetate 21.98 0.27 - - - -
30 Sabinyl acetate 22.36 0.34 - - - -
31 2-Hydroxypiperitone 22.63 0.14 - - - -
32 Geraniol formate 22.84 0.09 - - - -
33 Thymol 23.23 0.19 0.13 - - -
34 Piperitenone 24.80 32.00 34.50 32.70 32.60 34.10
35 PIPERITENONE OXIDE 25.91 24,01 26.70 27.70 2540 29.60
36 .BETA. BOURBONENE 26.28 0.12 - - - -
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37  4,6-DIETHYL-2-METHOXYPYRIMIDINE  26.91 1.02 1.13 - -
38 TRANS(.BETA.)-CARYOPHYLLENE 27.60 3.43 1.45 121 1.70
39 alpha.-Humulene 28.79 0.48 - - -
40 trans-.beta.-Farnesene 29.01 0.44 - -
41 GERMACRENE-D 29.80 2.75 1.10 0.57
42 bicyclogermacrene 30.30 0.57 0.34 -
43 Caryophyllene oxide 33.08 0.38 0.89 0.23
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Table 2. Size, polydispersity index (PDI), zeta potential and encapsulation efficiency of the Mentha
longifolia essential oil nanoparticles.

Nanoparticle Size (nm) PDI

Zeta potential (mV)

Encapsulation efficiency (%)

M.longifolia NP 75+21 0.258+0.04

- 37.00+6.33 79.64+6

(ragilh B0+ (oladS)5) gy Guilol ol JgaS iU (59 Sl sSimg ;e g ¥ SO0
Figure 3. SEM images of nanocapsules containing Mentha longifolia essential oil (scale bar: 500 nm).
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Figure 4. Essential oil nano particles size during 8, 16 and 24 weeks of storage.
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18. Polycaprolactone (PCL)
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19. Alveolar epithelial cells
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24. Emulsion-diffusion method
25. Kolliphor P188®, (KOL, MW 7680-9510 Da)
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