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Table 1. Topical toxicity of Mentha longifolia free (M. EO) and nanoencapsulated essential oil (M.
NP) against fifth instar larvae of Anagasta kuehniella (mortality data obtained after 72 h exposure).

Treatment Period (h) na df ° Slop (SE) ¥ LDso (95% CLY) (ug/L)
M. EO 72 300 5 1.46 (0.09)  1.47 4.39 (3.84-4.94)
M. NP 72 300 5 1.32 (0.16) 4,73 2.7 (1.23-4.02)

@ The number of larvae used in each bioassay

42 represents Chi-square goodness-of-fit test
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b Degree of freedom
d CL, confidence interval limit
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Table 2. Fumigant toxicity of Mentha longifolia free (M. EQ) and nanoencapsulated essential oil (M.
NP) against eggs, fifth instar larvae and adults of Anagasta kuehniella after 24, 48, and 72 h of

exposure.
Stage Treatment  Period (h) nad df® Slop (SE) 1% L Cso (95% CLY) (mL/L air)
5th Instar Larvae M. EO 24 350 5 3.7(0.24) 12.43 18.87 (15.39-21.46)
48 350 5 3.08 (0.2) 5.53 25.42 (23.83-26.89)
72 350 5 239(0.19) 358 27.49 (25.47-29.38)
M. NP 24 350 5 3.38(0.21) 10.19 24.50 (20.86-27.52)
48 350 5 2.02(0.19) 079 20.94 (18.32-23.16)
72 350 5 2.88(0.18) 10.31 12.12 (10.02-13.89)
Egg M. EO 24 350 5 3.69(0.23)  10.05 21.01 (18.16-23.36)
48 350 5 371(052)  3.86 27.41 (19.34-33.58)
72 350 5 320(0.21) 1778 31.57 (23.45-37.47)
M. NP 24 350 5 2.77(0.18)  7.06 24.66 (21.69- 29.45)
48 350 5 3.70(0.24)  27.36 19.47 (13.74-23.20)
72 350 5 3.74 (0.21) 1.86 16.91 (16.21-17.65)
Adult M.EO 24 350 5 435(031)  10.76 15.93 (12.72-18.19)
48 350 5 359 (0.25)  18.72 17.11 (12.02-20.39)
72 350 5 348(0.24)  33.16 18.78 (11.42-23.08)
M. NP 24 350 5 358(0.24) 753 17.50 (14.67-19.67)
48 350 5 3.52 (0.25) 19.74 16.86 (11.39-20.29)
72 350 5 294(0.19) 631 14.07 (13.04-15.03)

@ The number of larvae used in each bioassay
¢ represents Chi-square goodness-of-fit test

b Degree of freedom
d CL, confidence interval limit
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Table 3. Lifetime fecundity, %fertility, copulation rate and %adult emergence of adults Anagasta
kuehniella exposed to LCys of Mentha longifolia free and nanoencapsulated essential oil for 24, 48,

and 72 h.

. LC2s (95% CLY Lifetime Fecundit - Copulation %Adult
Treatment Period (h) (mf_/L air) ) (eggs/female) / oFertility prate emergence
M.longifoliae EO 24 11.15 (7.64-13.67) 69+ 8.51° 27.30+4.50° 8.91+370¢  18.10+4.81°
48 11.11 (5.82-14.67) 64+ 6.11° 22.60+571° 7.60+581Y  17.60+ 6.20°
72 12.03 (4.42-16.55) 63+ 8.33¢ 19.10+ 8.61¢ 6.48+9.62¢ 16.40 +£9.31°
M.longifoliae NP 24 11.33 (8.26-13.72) 72+9.72° 25.70+9.30° 12.60+9.71°  17.10+ 7.94°
48 10.84 (5.28-14.55) 57+ 10.24¢ 21.40+6.72° 6.30+10.43% 13.20+7.93¢
72 8.29 (7.23-9.26) 42+ 951° 17.60+7.909 3.60+9.17¢  11.30+7.71¢
Control 24- - 169+ 3.55° 83.20+6.42° 79.80+3.15° 78.70+2.73"
48 - 176+ 5.45° 91.40 +£3.51° 86.70+3.50° 92.40 +4.10*
72 - 197+ 2.83* 98.90+152° 99.30+240° 99.70+ 1.80°

The results represent the mean + standard error from at least ten separate experiments. Means in each column/
treatment followed by the same superscript are not significantly different at P = 0.05 in LSD multiple range test
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Abstract

In previous study, nano hollow silica spheres have been synthesized by sol-gel method as a Mentha
longifolia essential oil carrier and the success of essential oil encapsulation has been characterized based
on particle size, polydispersity index, zeta potential, and encapsulation efficiency. The present research
has been carried out on the findings of the previous study with the aim of evaluating 1) fumigant toxicity
of Mentha longifolia free (M. EO) and nanoencapsulated (M. NP) essential oil against eggs, fifth instar
larvae and adults of Anagasta kuehniella after 24, 48 and 72 h of exposure 2) topical toxicity of M. EO
and M. NP against fifth instar larvae (mortality data obtained after 72 h exposure) 3) lifetime fecundity,
%fertility, %adult emergence and copulation rate of A. kuehniella exposed to LCzs0f M. EO and M. NP
for 72 h. Fumigant toxicity was positively affected by the essential oil concentration and exposure time.
Findings indicated that nanoencapsulation was associated with a 1.62-fold increase in the topical toxicity
of M. longifolia essential oil to fifth instar larvae. Moreover, exposure to LCy of M. EO and M. NP
significantly decreased biological parameters (lifetime fecundity: 63 and 42 egg/female, percentage of
fertility: 19.1 and 17.6%, percentage of adult emergence: 16.4 and 11.3%, copulation rate: 6.18 and
3.6% respectively). It is clear from the toxicological tests that nanoencapsulated essential oil produced
stronger lethal and sublethal effects on A. kuehniella than free essential oil, thus can be regarded as
potentially complementary or alternative to conventional insecticides in stored commaodities.
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