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Fumigant toxicity and sublethal effects of black cumin (Bunium persicum Boiss.),
cinnamon (Cinnamomum zeylanicum Blume), and peppermint (Mentha piperita L.)
essential oils against the Angoumois grain moth, Sitotroga cerealella Olivier
(Lepidoptera: Gelechiidae)
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ABSTRACT

Sitotroga cerealella Olivier, is a species with worldwide distribution, which causes substantial damage to
the grain kernels. In the present study, fumigant toxicity (LCs, and LCgy) and sublethal effects (LCys) of
the essential oils of three medicinal plants including black cumin, cinnamon, and peppermint were
evaluated against the eggs and adults of this pest. The chemical constituents of the essential oils were
detected by gas chromatography-mass spectrometry. Monoterpenes were the main chemical compounds
of the tested essential oils. Fumigant toxicity of peppermint (LCso: 0.5 pl/l air) essential oil against the
adults was higher than cinnamon (LCso: 0.94 pl/l air) and black cumin (LCsp: 2.42 pl/l air) essential oils.
The same trend was also observed against the eggs. The speed of mortality for peppermint (LTso: 8.05 h)
and cinnamon (LTso: 9.68 h) essential oils were higher than black cumin (LTse: 14.78 h) essential oil.
Results of the experiment of sublethal effects showed that the developmental time of the pest on the
essential oils treatments were significantly longer than on control. The lowest fecundity of the pest was
observed on peppermint treatment. Furthermore, the tested essential oils significantly reduced the net
reproductive rate (Ry), intrinsic rate of natural increase (ry), and finite rate of increase (1) of the pest. The
results of this study showed that the tested essential oils, especially the essential oil of peppermint have a
suitable potential for decreasing the population of S. cerealella and they can be used in the IPM programs
of the pest.
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Table 1. Chemical compounds identified in Bunium persicum essential oil using gas chromatography—
mass spectrometry.

Compound Retention time (min) Composition (%)
B-pinene 9.80 1.5
P-cymene 10.27 10.2
Limonene 10.32 4.9
y-terpinene 10.61 30.11
Trans-chrysanthenol 11.99 1.5
Cumin aldehyde 12.50 24.2
Safranal 12.80 5.3
Cuminic alcohol 12.82 20.1

el 0t 53 sy o 5 S bS5
“Compounds less than 1% were not listed.
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Table 2. Chemical compounds identified in Cinnamomum zeylanicum essential oil using gas
chromatography—mass spectrometry.

Compound Retention time (min) Composition (%)
L-Limonene 5.25 1.417
Cinnamaldehyde 11.13 67.52
a- Copaene 13.12 2.01
Naphthalene, 1,2,4a,5,6,8a- hexahydro-4,7-dimethyl 15.55 2.23
Naphthalene, 1,2,3,4-tetrahydro-1,6-dimethyl-4-(1... 16.69 5.59
Para Methoxy Cinnamic Aldehyde 16.92 2.21
Curcumene 17.41 1.08
Tau. Muurolol 19.67 2.74
1,3- Benzodioxole 19.28 1.89

sl 0 (53 0oy Sy 5| S LS 5
“Compounds less than 1% were not listed.
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Table 3. Chemical compounds identified in Mentha piperita essential oil using gas chromatography-mass
spectrometry.

Compound Retention time (min) Composition (%)
B-Pinene 9.86 1.13"
B-Myrcene 9.95 1.69
Limonene 10.26 7.19
1,8-Cineole 10.42 242
Linalool 10.99 1.16
Borneol 11.74 1.36
1,6-Dihydrocarveol 11.85 1.19
Estragole 11.92 3.34
(-)- Carvone 12.32 28.75
Dihydrocarvylacetate 13.24 1.13
B-Bourbonene 13.76 3.07
Trans-caryophyllene 14.34 2.65
Cis-thujopsene 14.49 1.49
(E)-p-Farnesene 14.55 1.42
(T)-epi-icyclosesquiphellandren 14.68 1.74
Germacrene D 14.72 4.38
Bicyclogermacrene 15.28 1.27
Cis-calamenene 15.52 1.87
Spathulenol 15.89 1.16
a-cadinol 16.64 1.39

sl 00 53 a5 S S 5
“Compounds less than 1% were not listed.
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Table 4. Fumigant toxicity of the tested essential oils against the eggs and adults of Sitotroga

cerealella.
Lethal concentrations (uL/L air)
Essential oils Growth stages n? N Slope +SE [Cx LCao LCo
(95% FL) (95%FL) (95%F)
. . 8.77 13.22 28.83
Bunium persicum egg 560 4490  3.79+0.56 (7.25-9.83) (12.23:14.30) (23.87-40.30)
1.59 2.42 5.37
adult 560 46.16  3.70+0.54 (1.30-1.80) (2.22-2.61) (4.48-7.39)
Cinnamomum zeylanicum egg 560 40.85  3.03+0.47 @ 1%?4463) ® 163'_77449) (13 é;gg 49)
0.41 0.94 4.65
adult 560 39.43  1.85+0.29 (0.28-0.51) (0.81-1.12) (3.0510.19)
— 1.12 3.06 20.61
Mentha piperita egg 560 38.89  1.55+0.24 (0.63-1.56) (2.46-3.67) (13.25-46.80)
0.19 0.50 3.12
adult 560 37.16  0.26x1.09 (0.10-0.27) (0.38-0.60) (2.11-6.53)

(SAS Institute, 2002) wuis acule S w5, b (FL) 0o ,0 0 olicabsl osgamme § 00iiS slaclale

s 3 o ooliiul ol Sl b lapss JS slass®
Lethal concentrations and 95% fiducial limits (FL) were estimated using logistic regression (SAS Institute, 2002).
The total number of eggs or adult moths used for bicassay.
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Table 5. Lethal time values of the tested essential oils against the adult of Sitotroga cerealella.

Concentration 2

Lethal times (h)

Essential oils (uL/L air) b Slope +SE LTys LTso LT
(95% FL) (95%FL) (95%FL)

. . 8.08 14.78 46.54
Bunium persicum 3.6 2.57 2.57+0.28 (6.70-9.25) (13.33-16.46) (36.88-65.99)

. . 5.20 9.68 31.58
Cinnamomum zeylanicum 1.56 116.02 2.50+0.23 (4.17-6.11) (8.58-10.76) (26.50-40.18)

N 4.40 8.05 25.32
Mentha piperita 128 12645 2572023 (350527)  (7.05-899)  (21.74-3L01)

(SAS Institute, 2002) wuis awlre Seiwcd (g5, b (FL) 0o )0 0 licebsl sogame g oanisS slagyle;
Lethal times and 95% fiducial limits (FL) were estimated using logistic regression (SAS Institute, 2002).
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Table 6. Sublethal effects (LC,s) of the tested essential oils on biological parameters of Sitotroga

cerealella.
Treatments
Parameters (mean * SE) Bunium Cinnamomum Mentha Control
persicum zeylanicum piperita

Egg incubation (day) 4.83 +£0.04° 4,78 +0.05° 454 +0.07° 4.12+0.05°
Larval and pupal period (day) 24.31+£0.12% 24.26 +£0.13% 24,55 +0.09* 23.12+0.15°
Developmental time (egg to adult) (day) 29.12 £0.14% 29.01+£0.14% 29.06 +0.14* 27.26 +0.16"
Preadult survival (%) 0.67 +0.04° 0.68 +0.04 0.65 +0.04 0.87 +0.03°

Female longevity (day) 6.39 +0.26% 6.46 +0.25% 6.62 £0.3* 9.17+£0.9°
Male longevity (day) 492 +0.18° 5.10 +0.15 5.05+0.16" 6.57 +0.24°
Fecundity (eggs laid) 47.31+1.95° 43.91+2.17% 39.86 + 2.57° 73.18 +1.72°
Oviposition period (day) 478 +0.19° 4.03 £0.25° 3.99 +0.27° 6.26 +0.14°

(ol g 68 5 O30 Lls Aoy o Jlez| c]a..d)a Sols gre sl sy A s glize iy b la 0L
Means followed by different letters in each row are significantly different (P < 0.05, paired bootstrap
test).
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Figure 1. Age-specific survival rate (l,) and age-specific fecundity (m,) of Sitotroga cerealella exposed to
LC,5 of the tested essential oils.
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Table 7. Effect of the tested essential oils on population growth parameters of Sitotroga cerealella.

Treatments
Parameters (mean & SE) Bunium Cinnamomum Mentha Control
persicum zeylanicum piperita

Gross reproductive rate (GRR) (female/female)  26.08 +4.10° 20.88 +3.25° 18.50 + 3.06° 45.27 + 4,89
Net reproductive rate (Ro) (female/female)  12.76 +2.15° 11.90 +2.03° 9.97 +1.82° 31.45 +3.70°
Intrinsic rate of increase () (day ™)  0.078 +0.005° 0.077+ 0.005" 0.0711+0.006"  0.111 +0.003°
Finite rate of increase (4) (day™)  1.082£0.005°  1.080 + 0.005" 1.074 £0.006"  1.118 +0.004°
Generation time (T) (day) ~ 32.21 + 0.29° 31.84 +0.28° 32.12 +0.27° 30.91+0.23"

(ol s LN Q).eﬂ) djls Ao s ey Jlee| dﬂ»ﬂ 23 ol s sl wcasy e s ooglate Uiy > L sl Sl
Means followed by different letters in each row are significantly different (P < 0.05, paired bootstrap

test).
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Figure 2. Effect of the tested essential oils on mean oviposition deterency of Sitotroga cerealella. Means
with different letters indicate significant difference (P < 0.05, Tukey’s test).
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