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Production of powder and Tablet formulations containing nanoencapsulated essential oil of Artemisia sieberi Besser based on
biodegradable polymers and its efficacy against rice weevil, Sitophilus oryzae (L.)
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Abstract

The application of plant essential oils in stored product protection faces two major challenges: high volatility and environmental instability.
Nanotechnology can overcome these limitations through the design of controlled-release formulations. In the present study, essential oil of
Artemisia sieberi was converted into two solid nanoformulations, namely powder 10% and tablet 10%. Because solid controlled-release
formulations release the encapsulated oil gradually rather than instantaneously, a uniform exposure period of 72 h was applied to the pure
essential oil and both formulations to allow a fair comparison. Fumigant toxicity, persistence of insecticidal efficacy of these formulations
were evaluated against adults of the rice weevil (Sitophilus oryzae) in comparison with the pure essential oil. The results showed that the
LCso values of pure essential oil, powder formulation, and tablet formulation after 72 h were 68, 23, and 44 pL/L air, respectively. At a
constant concentration of 21 pL/L air, the LTso value for the tablet formulation (23 days) was significantly higher than that of the powder
formulation (19 days), indicating greater persistence of the tablet. Based on the findings, the choice of appropriate formulation depends on
the pest management strategy, the powder formulation with higher acute toxicity is recommended for rapid control and immediate
population reduction, whereas the tablet formulation with greater persistence is a more suitable option for long-term protection and
sustained efficacy in storage facilities.

Keywords: Nanoformulation, Controlled release, Rice weevil (Sitophilus oryzae), Artemisia sieberi essential oil, stored product
protection
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Table 1 - Average production efficiency, of essential oil in the powder and plate formulations

Nanoencapsulation efficiency% MeanzSE
Powder formulation 92.2+0.57
90.56+0.34

Tablet formulations
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Fig. 1. Scanning electron microscope (SEM) image of nanocapsules containing Artemisia sieberi essential oil in tablet and powder formulation
Magnification: 50000)
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Fig. 2. Transmission electron microscope (TEM) image of chain structure of Artemisia sieberi essential oil nanocapsules in tablet and powder
formulation The magnifications were 50,000 and 100,000, respectively.
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Fig. 3. Weight remaining percentage of pure Artemisia sieberi essential oil, powder and tablet (tablet) formulations at 27+1°C and 70+5% RH
over different times
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Table 2 - Chemical composition of essential oil at 27+1°C and relative humidity of 6545 using GC and GC-MS before and after powder and

plate formulation

Main components

% compositions after formulation

Pure oil powder tablet

Camphor 54.68 53.09 53.78
Camphene 11.73 10.87 10.65
1,8-Cineol 9.91 8.67 8.43
a-Thujone 2.97 2.08 1.88
B-Thujone 5.64 5.32 5.08
a-Pinene 2.50 1.67 1.77
B-Pinene 1.05 0.98 0.92
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Table 4. LCs and LCqy values of pure Artemisia sieberi essential oil, powder and tablet formulations against Sitophilus oryzae adults

LCso (HL/L ai r) LCqy (HL/L air)

Formulation T(':)]e N P-Value  (df) %2 Integc;pt * Slope+SE (95 Sbebl 534=) (195 Slabl 5-)
Essential oil 72 200 0.7 3.3(5) -7.7+1.02 42405 68.5
62.7-75.1
Powder 72 200 0.97 0.4 (3) -11.8+1.65 8.5+1.2 23.9 33.7
22.6-25.2 31.1-38.6
Tablet 72 200 0.9 0.6 (3) -9.8+1.66 5.9+0.9 44.6 73.2
40.5-48.1 65.2 - 90.2
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Table 4 - Calculated LTso and LT values of respiratory toxicity persistence of Artemisia sieberi essential oil in powder and tablet
formulations against adult rice weevil (Sitophilus oryzae) at a concentration of 21 ppm

' L Tso (day) LTeo

21pL/Lair N P-Value x2(df) Intercept +SE Slope+SE (195 Dlgabl 3515) (day)
Powder 240 0.91 0.93(4) 7.9+1.21 6.2 0.9 18 éiéo 6 27329539 0
Tablet 240 0.67 2.34(4) -6.64+1.22 48209 21243:'257 7 34%31?23 5
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