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Abstract

Background and objectives: The red flour beetle (Tribolium castaneum (Herbst))
(Tenebrionidae) is one of the main pests of stored products, especially cereal crops, all over the
world. In recent years, to reduce the use of chemical pesticides, plant essential oils have gained
attention. But despite their good potential, essential oils are unstable, and their toxicity
decreases in a short time after use. Nanocapsule formulations can improve the efficiency of
plant essential oils on stored product pests by increasing their toxicity and durability. This study
was carried out with the aim of preparing nanocapsule formulations of essential oils of
Eucalyptus camaldulensis Dehnh. and Eucalyptus globulus Labill. and comparing their
fumigant toxicity effects and non-formulated essential oils on T. castaneum adults.
Methodology: Eucalyptus leaves were collected from the Zaghmarz Eucalyptus research station
in the south of Behshahr city, Mazandran Province, in July 2018. The collected dried leaves of
Eucalyptus were hydrodistilled using a Clevenger-type apparatus. ldentification of the
constituents of essential oils was performed using GC-MS. Sodium alginate nanocapsules were
prepared using basic hydrophilic surfactants. The survey of the surface and wall morphology of
nanocapsules was conducted using a transmission electron microscope. The particle size
distribution of nanocapsules was also determined. Fumigant toxicity testing was performed
separately for each essential oil and nano-capsulated essential oil in four concentrations and at
24, 48, and 72 hours after applying the treatments, along with the control at 25°C and a relative
humidity of 65% in darkness. PoloPlus software was used to estimate the LC10, LC25, LC50,
and LC95.

Results: According to the results, the number of compounds in the essential oils of E. globulus
was higher. The most important compounds of the essential oils of the two Eucalyptus species
were terpenes, and 1,8-cineole, limonene, and pinene-a were the most important terpenes in the
essential oils of E. globulus and E. camaldulensis, respectively. The results obtained from the
transmission electron microscope images showed that nanocapsules containing Eucalyptus
essential oil have nanoscale dimensions. The average particle size distribution for E. globulus
and E. camaldulensis essential oil nanocapsules was determined to be about 150 and 100 nm,
respectively. The essential oil of E. globulus was more toxic than the essential oil of E.
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camaldulensis. The values of LC50 at 24, 48, and 72 hours after treatment for essential oil
nanocapsules of E. globulus and E. camaldulensis were 5.9, 4.63, 3.8, and 9.5, 8.67, 6.7,
respectively, and LC50 for raw essential oils of E. globulus and E. camaldulensis were 10.93,
9.63, 5.7, and 15.09, 12.86, 8.2 ml per liter of air, respectively. Based on the results, the
nanocapsule formulation of the essential oils of both species, compared to the raw essential oil,
showed a decrease in LC50, and the durability of the encapsulated essential oil also increased.
Conclusion: Based on our results, nanoencapsulation of Eucalyptus essential oil increased the
fumigant toxicity of the essential oils by enhancing toxicity and the controlled release of
effective compounds in controlling this pest. Therefore, this nanocapsule formulation is
recommended for further toxicity tests and eventually its use in storage.
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Tablel. The main chemical coumpounds in essential oils of E. globulus and E. camadulensisleaves

Amount of
N . . Amount of compound
. Retention compound in . sy .
Coumpound name Chemical class I in essential oils of .
factor essential oils of £. camadulensis (%)
globulus (%) °
1 o-thujene _Mon_ocyclic 928 3.3 <\
2 o~ pinene Bicyclic terpene 935 49 8.4
3 B-pinene Bicyclic terpene 974 <1 <1
4 Myrcene Acyclic terpene 986 <1 <1
5 a-phellandrene Monocyclic 1000 <1 <1
6 p-cvmene Monocyclic 1020 <1 3.3
7 Limonene Monocyclic 1025 6.3 4.14
8 1,8-cineole Monocyclic 1027 714 61.6
9 y-terpinene Monocyclic 1057 <1 <1
10 Terpinolene Monocyclic 1087 <1 <1
11 cis-P-menth-2-en-1-ol Monocyclic 1121 <1 5.2
12 p-cymene-8-01 Monocyclic 1185 <1 3.7
13 Trans pinocarveol Bicyclic terpene 1139 <1 <1
14 Pinocarvone Bicyclic terpene 1163 <1 <1
15 a-terpineol Bicyclic terpene 1192 14 11
16 Geranvyl acetate Acyclic terpene 1379 <1 3.2
17 Caryophyllene sesquiterpene 1414 <1 <1
18 a-guaiene sesquiterpene 1439 <1 <1
19 Viridiflorol Tricyclic 1608 <1 <1
20 Spathulenol ~ Tricyclic 1589 <1 <1
21 Linanol Acyciic terpene 1099 <1 1.2
22 Globulol Tricyclic 1598 2.3 <1
23 v-eudesmol sesquiterpene 1660 3.3 <1
24 o -eudesmol sesquiterpene 1690 42 <1
Bicyclic
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Figure 2. Transmission electron microscopy image and size distribution of nanocapsule particles of E. globulus
essential oils
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Table2. Probit analysis for determination of LC 45 LCsy, LC ;5, LC;9and regression line equation parameters for the mortality in 7. castaneum adults
treated with E. globulus and E. camadulensis essential oils and their nanocapsulated essential oils

Time Slop Intercept P 1 LCys LCs LCys LCy
Plant (h) (b) (a) (uL/L air) (uL/L air) (WL/L air) (WL/L air)
E. globulus (EO®) 24 2.55 e 011 357 25.48 10. 93 5.04 3.4
(24.6-82.9) (9.8 ~12.56) (5.23-6.55) (2.64-4.08)
48 2.59 _o5E 013 455 41.4 9.63 5.3 3.09
(30.34-66. 7) (8.7-10.79) (3.1-5.88) (2.36-3.7)
72 1.92 953 0.14 1265 25.61 5.7 3.1 1.79
(18-51.8) (4.6-6.62) (1.9-3.9) (0.8-2.6)
E. globulus (EON*) 24 2 1.8 012 517 30.24 5.9 3.08 1.7
(18.66-76.8) (5.17-7.4) (2.4-3.6) (1.03-2.2)
48 2.32 15 007 112 238 4.6 2.39 13
(14.32-75.2) (3.8-5.8) 15-3) (0.58-1.9)
1.56 -0.66 006 365 14.65 338 2.2 1.2
(12.1-44.8) (3.1-4.9) (15-3.1) (0.7 -1.9)
E. camadulensis 24 2.02 239 007 857 97.72 15.09 7.01 3.52
(EO) (61.5-98.8) (13.11-18.41) (6.4-7.9) (2.5-4.3)
48 2.04 26 009 1655 82.39 12.86 6 3.02
(54.6-93.2) (11.37-15.13) (5.07-6.8) (2.15-3.78)
72 2.24 205 011 1365 44.37 8.2 41 2.2
(31.01-79.28) (7.4-9.) (3.3-4.7) (1.47-2.8)
E. camadulensis 24 2.63 -2.58 016 557 40.37 95 5.03 311
(EON) (28.64-69.9) (8.6-10.9) (4.6-5.8) (2.3-3.7)
48 2.6 047 0.15 9.6 37.8 8.67 4.89 2.86
(27.32-64.01) (8.08-10.01) (4.24-5.42) (2.15-3.4)
72 2.4 203 012 1125 31.37 6.7 35 2.02
(22-50.59) (6.11-7.34) (2.8-4.14) (1.38-2.5)

EO=essential oil, EON= essential oil nanocapsul
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