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ABSTRACT

Dhen, N., Majdoub, O., Souguir S., Tayeb, W., LaafiA., and Chaieb |. 2014. Chemical
composition and fumigant toxicity of Artemisia absinthium essential oil against
Rhyzopertha dominica and Spodoptera littoralis. Tunisian Journal of Plant Protection 9:
57-65.

Natural products are excellent alternative to sgtithpesticides due to their reduced harmful impact
on human health and environment. Pesticides basquamt essential oils or their constituents have
demonstrated efficacy against a range of pestspagdand postharvest diseases. In this study, the
pesticide potentiality of the essential oils fromme t absinthe wormwoodArtemisia absinthium
(Asteraceae) wammvestigated against two insect pests Réiyzopertha dominicand Spodoptera
littoralis. Essential oil of the aerial parts was obtainechigrodistillation and was analyzed by GC—
MS in order to determine its chemical compositibhe major components identified were: camphor
(24.81%), camazulene (13.17%), bronylacetate (5)88%d myrcene (5.83%). The essential oiAof
absinthiumexhibited strong fumigant toxicity agairRt dominicaadults, a stored product pest, with a
LC50 value of 18.23l/l air and LC90 value of 41.74l/l air. The wormwood essential oil showed high
fumigant activity agains$. littoralis one of the most dangerous pests of protectedscwmith a LC50
value of 10.59u/l air and a LC90 value of 17.12/ air.

Keywords Artemisia absinthiumchemical composition, essential oil, fumiganti¢tty, Rhyzopertha
dominica Spodoptera littoralis

The widespread use of synthetic valorization of natural resources such as

insecticides has led to severe damage on
human health and on environmental
equilibrium. There is an urgent need to
develop safer, more eco-friendly and
efficient alternatives (18). The
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plant extracts and secondary metabolites,
particularly those used by the popular
tradition and readily available, acquire a
great interest due to their biologically
active  compounds. Among plant
secondary metabolites, essential oils
extracted from aromatic plants have been
widely investigated and were found to
have a broad spectrum of activity against
insect and mite pests, plant pathogens and
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nematodes (5). They have considerable
potential as crop protectants against pests
of stored products and protected crops.

Plant essential oils are produced
from different plant organs (leaves,
flowers, buds, wood...). The richest
plants belong mainly to Apiaceae,
Lamiaceae, Lauraceae, and Myrtaceae
families. Essential oils are complex
mixtures of monoterpenes,
sesquiterpenes, and aromatic compounds
(4). Due to these compounds, essential
oils possess fumigant, antifeedant and
repellent properties against various insect
species (1). These plant-originated
insecticides may have the advantage over
synthetic ones in terms of low
mammalian toxicity, rapid degradation
and local availability (5, 6). The lack of
persistence of essential oils under field
conditions could provide some measure
of temporal selectivity favoring non-
target species, especially natural enemies.

Essential oils have been largely
employed for their properties already
observed in nature. Thus, it was shown
that essential oils might constitute new
alternatives to currently used insecticides
not only against stored product pests but
also against protected crops pests (19, 20)
such as aphids, moth or others. Essential
oils of cumin, anise, oregano and
eucalyptus were effective as fumigants
against the cotton aphid\phis gossypji
(19). Pavela (14) reported on fumigant
toxicity of essential oils fromMentha
citrata, Nepeta cataria, Salvia sclarea,
Origanum vulgare, Origanum
compactum, Melissa officinalis, Thymus
mastichina and Lavandula angustifolia
againstS. littoralis

Insecticidal activities of essential
oils against stored product pests were
cited in several studies. In fact, Yoeh
al. (21) reported a repellent activity of six
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essential oils fromCarum carvi, Salvia
sclarea, Fragaria vesca, Thymus
satureoides and Cananga odorata
against Sitophilus oryzae.Contact and
fumigant activities of essential oils of
Pinus sylvestris, Eucalyptus globulus,
Coriandrum sativum against the rice
weevil S. oryzaeand adzuki bean weevil
(Callosobruchus chinengisand the rice
moth  Corcyra cephalonica were
demonstrated by Pathipati (13). Also, the
essential oils of the aerial parts of three
Artemisia species A. absinthium, A.
santonicumandA. spicigera were found
to be toxic to adults ofSitophilus
granarius(7).

The Artemisia genus, small herbs
and shrubs, is one of the largest and most
widely distributed aromatic plants.
Members of this genus are found growing
naturally in large areas or can be
cultivated, thus, readily available. Among
them, A. absinthium, is a yellow-
flowering perennial plant which has been
used as an herbal medicine throughout
Europe, the Middle East, North Africa,
and Asia (18). This plans found to be of
botanical and pharmaceutical interest (7,
8, 15). Medicinal value of plants is related
to their phytochemical components and
their secondary metabolites such as
essential oils. The aim of this study was
to assess the chemical composition and
the insecticidal potential of the essential
oils isolated from the aerial parts &f
absinthiumagainst a stored product pest
(R. dominica and a greenhouse peS.(
littoralis).

MATERIALS AND METHODS
Plant material and essential oil
extraction.

This study was performed using
the aerial part of the wormwood\.
absinthium This plant was cultivated in
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an organic parcel belonging to the
Technical Center of Organic Agriculture

of Chott-Mariem (CTAB). The samples

were used immediately after their harvest
(March, 2013) for the extraction of

essential oils.

Essential oils were obtained by
hydrodistillation = method using a
Clevenger-type apparatus. About 200 g of
the aerial parts of the plant were mixed in
a flask with 400 ml distilled water. The
mixture was boiled for 4 h at 350°C. The
extract was condensed in cooling vapor to
collect the essential oil. The volatile
distillate was collected until no oil drop
out. The obtained oil was weighed in
order to calculate its extraction yield and
refrigerated prior to analysis.

GC-MS analysis of the essential ail

The essential oils were analyzed
by gas chromatography (GC) (model: HP
6890N) coupled with mass spectrometry
(MS) (HP model 5975B). They are
equipped with a flame ionization detector
and capillary column with HP-5MS 5%
phenylmethyl siloxane (30 m _ 0.25 mm
_0.25um). The GC settings were as
follows: the initial oven temperature was
held at 50°C for 2 min and ramped at
7°C/min to 250°C for 2 min. The injector
temperature was maintained at 240°C.
The samples (lul) were injected neat,
with a split ratio of 1: 50. Helium gas
(100% pure) was used as carrier gas at a
constant flow rate of 1.2 ml/min. Mass
transfer line and ion source temperatures
were set at 150 and 230°C, respectively.
Most constituents were identified by
comparison of their retention indices and
their mass spectra, in the stationary phase,
with those of the bank Willey data 175.L.
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Insect rearing.

Third instar larvae ofS. littoralis
were obtained from a laboratory colony
maintained on artificial diet (150 g
chickpea powder, 20 g agar, 750 ml
water, 5 g ascorbic acid, 1 g benzoic acid,
1 g nipagin, 30 g yeast). The colony came
from laboratory rearing at 28 + 2°C and
60 = 5% of relative humidity (RH), in the
Regional Center of Research on
Horticulture and Organic Agriculture
(Chott-Mariem, Sousse-Tunisia).

R. dominicaadults were provided
with maize grains as food in a plastic
container and were maintained in the dark
in growth chamber set at 28 + 2°C and
50-60% humidity.

All experiments were carried out under
the same environmental conditions.

Fumigant toxicity.

In order to assess theA.
absinthiumessential oil fumigant toxicity,
different concentrations 25, 50, 100 and
200pl/l air and 5, 12.5, 25 and 50 pl/l air
were tested respectively against the third
instar larvae ofS. littoralis and newly
hatched unsexed adults &. dominica.
Mortalities in both cases were compared
to untreated control individuals
maintained under the same conditions.

Ten pests were put in a 40 tm
container. A Whatman filter paper (3 cm
in diameter), impregnated with essential
oil, was placed on the underside of the
screw cap. Control insects were kept
under the same conditions without any
essential oil. Each concentration and
control was replicated five times.
Mortality was assessed after 24 h of
exposure to the essential oil.

These bioassays were designed to
determine the median effective dose
causing 50% of mortality (L§) and the
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effective dose causing 90% of mortality
(LCgg) using Probit analyses.

Statistical analyses

Statistical analyses were
performed using SPSS program (version
20) (17). Mean’s differentiations were
carried out using Duncan’snultirange
test atP < 0.05.

RESULTS

Extraction yield and chemical
composition of A. absinthium essential
oil.

The hydrodistillation of A. absinthium
aerial parts yielded dark blue colored
essential oil with a strong odor. In
general, essential oils are very complex
natural mixtures which can contain about
20-60 components at quite different

concentrations (5). They are characterized
by two or three major components at
fairly high concentrations (20-70%)
compared to the other components
present in trace amounts (2). Table 1 lists
the composition of wormwood essential
oils. According to the GC-MS results, 47
compounds have been identified, in
which camphor (24.81%), camazulene
(13.17%), bornyl acetate (5.89%),
myrcene (5.83%), trimethylnaphthalene
(5.09%), 1,4-terpeniol (4.97%),
camphene (3.74%)y-terpinene (3.59%)
and linalool (3.53%) were major
components. Qualitative similarities were
found in chemical composition of
Tunisian wormwood investigated by
Riahi et al. (15) but there were some
notable quantitative differences.

Table 1. Volatile constituents identified in the essentidk @f Artemisia

absinthiumaerial parts

Compound Pﬁ?k (nTiE)* Perg)zr;tage
Tricyclene 1 6.11 0.12
a-thujene 2 6.21 0.43
a-pinene 3 6.37 3.02
Camphene C10 4 6.9 3.74
Sabinene 5 7.24 0.27
B-pinene 6 7.32 0.19
6-methyl-5-hepten-2-one 7 7.55] 0.23
Myrcene C10 8 7.63 5.83
a-phellandrene 9 7.93 0.45
a-trpinene 10 8.2 2.09
Ortho-cymene 11 8.39 0.57
Limonene C10 12 8.48 1.16
1,8-cineole 13 8.55 0.31
y-Terpinene 14 9.15 3.59
Trans-sabinene hydrate C10 15 9.3y 1.52
a-terpinolene 16 9.81 0.67
2-nonanone 17 9.87 0.53
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Linalool 18 10.07 3.53
butanoic Acid 19 10.12 0.56
P-menth-2-en-1-ol 20 10.58 0.27
d-terpinene 21 10.98 0.18
Camphor C10 22 11.13 24.81
Borneol 23 11.55 0.26
1,4-Terpeniol 24 11.78 4.97
Myrcenol 25 11.93 0.53
a-terpineol 26 12.06 0.33
2-methylheptyl acetate 27 12.9 0.8
Perilla aldehyde 28 13.77| 0.17
Bornyl-acetate C12 29 13.97 5.89
2-undecanone C11 30 14.06 1.27
Methyl eugenol 31 16.21 0.16
B-caryophyllene 32 16.58 0.71
a-dodecylene 33 16.65 0.2
Germacene 34 17.69 1.53
Trimethyl-dihydronaphtalene 35 18.21 1.03
Trimethyl-dihydronaphtalene 36 18.33 0.10
Caryophyllene oxide 37 19.49 0.33
Geranyl isovalerate 38 19.73 0.23
Diethyl-dimethyl-tricyclo-hexane 39 20.19 0.27
Trimethylnaphtalene 40 20.45 5.09
(2S,5E)-caryophyll-5-en-12-al 41 20.41 0.6
1,2-dimethyl-4-methylene-3- 42 20.58 0.25
phenyl-cyclopentene

Trimethyl—dihydrocyclo— 43 20.64 312
propainden-6(6a)-one

Camazulene 44 21.47 13.71
(8) paracyclophane-2.4-diene 45 21.18 0.51
2,4-dimethylfuran 46 25.48 0.22
Bromoacetonitrile 47 25.79 0.99
Total - - 97.34

*RT: retention times

A. absinthiumis characterized by a
wide range of phytochemical variability
(12) associated with different factors
(geographical origins of the samples,
extraction method wused, seasonal
fluctuations or plant parts used for
extraction).

Fumigant toxicity.

Experiments were conducted to
assess the fumigant activity of.
Tunisian Journal of Plant Protection 61

absinthium essential oil againstR.
dominica adults andS. littoralis third
instar larvae. In all cases, considerable
differences in insect's mortality exposed
to essential oil vapor were observed with
the different concentrations.

Results of the bioassay (Table 2)
were recorded after 24 h of exposure.
According to this study, significant
differences among all treated
concentrations of the essential oils were
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obtained P < 0.01). The mortality
increased with the increase in the
concentrations of the essential oils. In
fact, high fumigant toxicity against the
third instar larvae ofS. littoralis was
noted with a LG, value of 10.5Qul/l air
and a LGg value of 17.124/I air.

As shown in Table 2, essential oil
of A. absinthium exhibited fumigant
toxicity againstR. dominicaadults with a
LCso value of 18.23pl/l air and LGy
value of 41.74ul/l air. The essential oil
causes quick knock down followebly
mortality.

DISCUSSION

The main aim of this research was
to investigateA. absinthiumessential oils
composition and insecticide potentialities.
Essential oil of theaerial plant parts was
obtained by hydrodistillation and
analyzed by gas chromatography-mass
spectrometry (GC-MS). A total of 47
components of the essential oil were
identified. Several studies have been
reported on the chemical composition of
the essential oils fromA. absinthium
belonging to different regions in the

world. Analysis of the chemical
composition of A. absinthium oils
extracted from plants grown in USA
showed beta-thujone (17.5-42.3%) and
cis-sabinyl acetate (15.1-53.4%) as the
main components (9). Other investigation
from Turkey (7) indicated chamazulene
(17.8%), nuciferol butanoate (8.2%),
nuciferol  propionate  (5.1%), and
caryophyllene oxide (4.3%) as the main
components inA. absinthiumoil. The
Canadian A. absinthium oil was
characterized by high amounts of
myrcene (10.8%), trans-thujone (10.1%)
and trans-sabinyl acetate (26.4%) (10).
Those from Tajikistan were markedly
different from those from European,
Middle Eastern, or other Asian locations
and likely represent new chemotypes
(18). This phytochemical variability iA.
absinthiumis normally associated with
different geographical origins of the
samples (12). Jointly or independently,
these identified compounds are involved
in the bioefficacy of the essential oils
used with a range of effects i.e.
insecticidal, repellent, antifeeding, and
ovicidal activities.

Table 2.LCsp and LGovalues ofArtemisia absinthiunessential oil against adults Rhyzopertha dominica

and larvae oSpodoptera littoralis

_ —
Insect Cor(‘:ﬁ”;irg“on M‘;rftti'r't%’ Lf ﬁ’) LCs(ulfl ai)  LC o (! air)
0 Oa
o 5 35+12.91b
o 12,5 45+12.91b 18.23 41.74
25 67.5+17.08 ¢
50 92 +9.57 d
0 7
< 25 2+447a
i 5 18+19.24 a 10.593 17.122
10 52+32.71b
20 94 +8.94 ¢

* For each insect, mortality values followed by tbeme letter are not significantly different based

Duncan's multirange test Rt< 0.05.
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The insecticidal propriety of many
essential oils are mainly attributed to
monoterpenoids (4) which are typically
volatile and rather lipophilic compounds
that can penetrate into insects rapidly and
interfere  with  their  physiological
functions (2, 4, 5). Due to their high
volatility, they have fumigant and
gaseous action which are very important
in controlling the stored-product insects.

In vitro experiments undertaken to
assess the fumigant activity of.
absinthium essential oil that they
possessed high fumigant toxicity against a
stored product insect, as well as a
greenhouse pest and its activity varied
with insect species and concentrations of
the oil used.

The toxic effects ofA. absinthium
could be attributed to its major
components. However, the insecticidal
effects of the essential oils cannot be
explained by the action of their major
components only, suggesting that these
actions are the result of a synergistic
interaction between all components (4).

Previous studies demonstrated that
Artemisiaspecies essential oils have very
important insecticidal activities (7). A
recent investigation by Martiat al. (11)

highlighted the insecticidal effect of
Artemisia essential oils against three
greenhouse pestsS. littoralis Myzus
persicaeand Rhopalosiphum padiia an
antifeedant action. Concerning stored
products pests, the essential oil Af
vestita showed strong fumigant toxicity
againstSitophilus zeamaigsdults with a
LC50 value of 13.42 mg/l air. Further, it
possessed also contact toxicity against
this pest with a LD50 value of 50.62
mg/adult (21).

Pavela (14) reported the high
fumigant toxicity of Mentha citrata,
Nepeta catariaSalvia sclareaOriganum
vulgarg O. compactum, Melilotus
officinalis, Thymus mastichina and
Lavandula angustifolia essential oils
against S. littoralis Moreover, the
essential oils of aerial parts of three
Artemisia species A. absinthium, A.
santonicumandA. spicigerd were found
to be toxic to adults ofSitophilus
granarius(7).

The above findings suggest that
the essential oil 0. absinthiuncan play
an important role in pest control and
reduce the need for synthetic insecticides
and also the risks associated with their
use.

RESUME

Dhen N., Majdoub O., Souguir S., Tayeb W., Laarif Aet Chaieb I. 2014. Composition
chimique et toxicité par fumigation des huiles esséielles d’Artemisia absinthium contre
Rhyzopertha dominica et Spodoptera littoralis. Tunisian Journal of Plant Protection 9:

57-65.

Les produits naturels constituent une excellerterrative aux pesticides de synthése a cause o leu
impacts réduits sur la santé humaine et I'enviromerg. Les pesticides a base d’huiles essentiefies o
montré une efficacité contre une large gamme diteseet de maladies de pré- et de post-récoltes Dan
ce travail, la potentialité insecticide de I'hudesentielle de I'armoise absintAgemisia absinthiuna

été investiguée contre deux insectes ravageursadr $thyzopertha dominicat Spodoptera littoralis.
L’huile essentielle des parties aériennes a étaiextpar hydrodistillation et analysée par GC-M&BIp
déterminer sa composition chimique. Les constituamjoritaires identifiés sont le camphre (24,81%),
le camazulene (13,17%), le bornylacétate (5,89%)mircene (5,83%) et le triméthylnaphtalene
(5,09%). L'huile essentielle &. absinthiuma montré une forte toxicité par fumigation contes |
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adultes d&R. dominicaun insecte des denrées stockées, avec des caticarst [étales Clg de 18,23

u/l d’air et Clog de 41,74ul/l d’air. Cette huile a aussi montré une forteia# fumigéne contres.
littoralis, un des insectes les plus dangereux des cultucddgges, avec des concentrations létales
CLso de 10,593/ d’air et Clgy de 17,122u/1 d’air.

Mots clés Activité fumigene, Artemisia absinthium composition chimique,huile essentielle,
Rhyzopertha dominic&podoptera littoralis

odla
g0 AS 5 201 4 el S 5 iy o) slanal g il slhg g 5 gaw (all £ 3a g g (il g £ (Gl
Rhyzopertha & padll dsewl) Weleldy (Artemisia absinthium) s suad ol Guieddl Luutud)
Journal of Plant Protection Tunisian9: 57-65. Spodoptera littoralis s dominica

Slanal) iy Jasall 5 Gl dsia e (madial s Ll @lld g 3l cilanall Jaay Juzadl Ggaglall o) gall Jiad
G il a5 JE (e g s bl @l pdall e S Ao sane i Lgielad Al g5 (e Aualii)
Rhyzopertha ks o pda Gl bl e oind) 250 b)) gl 558 dul ) G oandl 12
alaiely &aall 4 sl o) 2V e Yl i3l 2l At &85 51 Spodoptera littoraliss dominica
Ll 55 g 3l 038 Of it AilaasS Leas€ 5 (it i ad GC-MS Al Aan) 50 Lebilas ad g5 Jlal) bl
s (5,89%) bornylacetates (13,17%) camazuleng (24,81%) camphre &<l s (e
A. absinthium &l Ll @3l @ ekl (5,09%)  trimethylnaphtaleng5,83%) myrcene
Cun Al A1l o gal) il s0a) R, dOMINICE sda (e Al Sl oY) a3l By yh e dals daass
o L Gl gy 3l oha < pelal LS (/S0 41,74 CLOO 5 J/dSe 1823 CL50 Al e jall caly
10.593 CL50 4kldl cile jall culy Cum dganall el ) e cld¥) jhaal (e a5 ¢S, littoralis s s

JIJ&e17.122 CLO0 5 J/Jse

Rhyzoptrera « sl duew dleld (ulad cu) dibaS 4S5 caye 3oad/0ddl [ dalide clalS
Spodoptera littoralisdominica
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