Bio-insecticidal activity of three essential oils against Rhyzopertha dominica
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Natural plant extracts, especially essential oils, are used largely against plant pests. The aim
of this study was to investigate the bio-insecticidal effect of chemical extracts of three plants,
Mentha pulegium L. (Lamiales: Lamiaceae), Lavandula stoechas L. (Lamiales: Lamiaceae) and
Ruta chalepensis L. (Sapindales: Rutaceae) collected from Tunisia, on the lesser grain borer
Rhyzopertha dominica (Fabricius, 1792) (Coleoptera: Bostrichidae), which is a primary pest of
stored wheat. To reach this goal, we firstly did bio-assays to test the toxicity of these plant
extracts on R. dominica adults using different concentrations of plant extracts on wheat seeds.
Secondly, we analysed the chemical compounds of these plant extracts using GC-MS and
GC-FID. Our results demonstrated that R. dominica mortality was significantly higher with
increasing plant essential oils concentrations (CLo5 values 45.68, 113.12 and 170.52 ul/lair))
for M. pulegium, R. chalepensis and L. stoechas, respectively. The main chemical compounds
identified of M. pulegium oils were: pulegone (76.9 %), isomenthone (12.0 %) and limonene
(1.73 %), whereas those from L. stoechas were: camphor (23.8 %), 1,8-cineole (17.8 %) and
camphene (7.69 %). Ruta chalepensis oil revealed high contents of undecanone (51.2 %),
2-nonanone (39.16 %) and 2-decanone (2.32 %). Our results also showed that M. pulegium
essential oil has a significant effect against R. dominica with LCsp value of 13.51 ul/l(air)
compared to R. chalepensis and L. stoechas corresponding to 39.11 and 42.9 ul/lair), respec-
tively.
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INTRODUCTION

The lesser grain borer Rhyzopertha dominica is one
of the major primary pests of stored grains. It has a
high capacity of adaptation and development
(Pires & Nogueira 2018; Wijayaratne & Rajapakse
2018). It mainly attacks stored cereals causing a lot
of damage. It causes major qualitative and quanti-
tative losses (Banga et al. 2018) reaching more than
20 % (Phillips & Throne 2010). Synthetic pesticides
such as phosphine and methyl bromide have been
widely used to manage this pest (Suthisut et al.
2011; Wijayaratne & Rajapakse 2018). However,
methyl bromide, a broad-spectrum fumigant,
was phased out following the Montreal protocol
because it is an ozone-depleting substance
(MBTOC 2002; Gareau 2015). Due to the excessive
use of chemical products and the associated prob-
lems of development of resistance (Suthisut et al.

2011; Opitet al. 2012; Khan et al. 2019) and environ-
mental pollution (Grewal et al. 2017), there is
also an increasing demand for healthy control
methods such as biological control of stored grains
using natural chemical plant extracts (e.g. essential
oils), which have been successfully used as
an alternative method to chemical pesticides.
Because of their rapid degradation and low envi-
ronmental and mammalian toxicity, plant essen-
tial oils were found to be an efficient and safe
method for controlling stored grain pests (Shaaya
et al. 1997, Wong et al. 2005; Ogendo et al. 2008;
Rajendran & Sriranjini 2008; Suthisut et al. 2011;
Tampe et al. 2016).

Their efficiency as insecticides is due to their
behavioural and physiological outcomes such as
antifeedant activity, cuticle disruption and growth
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(Ortu et al. 2016). Many essential oils have been
tested to control insect pests of stored grain and
most of them seem to be effective insecticides
(Abdelli et al. 2016; Said-Al Ahl et al. 2017; Ben
Chaaban et al. 2019).

Ebadollahi (2011) showed that E. globulus Labill
(Myrtaceae) and Lavandula stoechas L. (Lamiaceae)
essential oils had significant antifeedant activities
against adults of Tribolium castaneum Herbst
(Coleoptera: Tenebrionidae) at lower doses corres-
ponding to 12.161 ul/lir and 13.61 ul/lir, respec-
tively. Other studies showed that L. stoechas
essential oil exhibited a strong toxicity against
adults of Lasioderma serricorne (Fabricius, 1792)
(Coleoptera: Ptinidae), R. dominica (Coleoptera:
Bruchidae) and T. castaneum with LCsy values of
3.835 ul/lair), 5.66 pul/1air), 39.685 ul/lairy after 24 h of
treatment, respectively (Ebadollahi et al. 2010).

Many plants such as Ocimum basilicum, L.
stoechas, Mentha pulegium, Rosmarinus officinalis,
Melissa officinalis, Colebrookea oppositifolia, Thymus
vulgaris (Lamiaceae), Citrus hystrix, Ruta chalepensis
(Rutaceae), Artemisia maritima (Asteraceae) were
tested for their toxicity against insect pests of
stored grains such as T. castaneum, Trogoderma
granarium (Everts, 1898) (Coleoptera: Dermesti-
dae), Plodia interpunctella (Hiibner, 1813) (Lepidop-
tera: Pyralidae), L. serricorne, R. dominica (Ebadol-
lahi et al. 2010; Brari & Thakur 2018; Panezai et al.
2019). In fact, many plants belonging to Lamiaceae
family such as L. stoechas and M. pulegium essential
oils showed both fumigant toxicity against T. casta-
neum and L. serricorne (Ebadollahi et al. 2010; Salem
et al. 2017). Mentha pulegium essential oil recorded
LCso values of 11.57 and 8.46 uul/lair) against T. casta-
neum and L. serricorne, respectively (Salem et al.
2017). However, L. stoechas oil showed LCsg values
of 39.685 and 3.835 wl/laiy on T. castaneum and
L. serricorne, respectively, after 24 h of exposure to
essential oil concentrations (Ebadollahi et al. 2010).

Syzygium aromaticum (Myrtaceae) and L. officina-
lis (Lamiaceae) essential oils had fumigant toxicity
against the pest stored grain Sitophilus oryzae
with LDsp values of 0.04 and 0.07 mg/cm?, respec-
tively (El-Bakry et al. 2016 in Campolo et al.
2018). Germinara et al. (2017) also showed that
Lavandula angustifolia Miller (Lamiaceae) essential
oil exhibited fumigant toxicity against the adults
of S. granarius (L.). The essential oil from M. pule-
gium recorded LDsp value of 6.95 ul/ml in contact
toxicity bioassays and showed fumigant toxicity
with 39.2 % mortality after 96 h of treatment and

African Entomology Vol. 28, No. 2, 2020

repellent effect with 46.03 % after 30 min of expo-
sure at 2 ul/ml against R. dominica (Brahmi et al.
2016a).

There is a lack of information about the use of
essential oils against the stored grain pest R. domi-
nica. In this context, the aim of this study was to
evaluate fumigant toxicity of three essential oils
extracted from three wild plants traditionally used
in medicine in Tunisia: R. chalepensis L., L. stoechas
L. and M. pulegium L. against R. dominica the lesser
grain borer a major insect pest of stored grains in
Tunisia and North Africa.

MATERIAL AND METHODS

Insect material

Rhyzopertha dominica adults were collected from
infested wheat brought from two storage silos of
Cereals Office from Bir El Kasaa and Manouba and
the farm of INAT in Morneg, Tunisia. Insects were
reared on wheat seeds in a climate room at 28 °C
and 40 % RH under complete darkness in the labo-
ratory of the Biodiversity Research Center, UCL
(Louvain-la-Neuve, Belgium). Unsexed adults 1-4
days old were used for bioassays tests.

Plant material

Fresh aerial parts of the three spontaneous
plants of R. chalepensis, L. stoechas and M. pulegium,
used in this study, were collected during their
flowering stage in the three northwest regions of
Tunisia (Bouaouene, Nefza and Rimmel) and were
free of any pre-harvest chemical treatment.

Essential oils extraction and analysis

Essential oils were obtained from 1 kg of fresh
aerial parts by steam distillation for 3 h using a
Clevenger-type apparatus. Samples were freshly
harvested, sorted for uniformity and inspected to
ensure the absence of defects, before being stored
at -2 °C until analysis.

GC-MS analyses were conducted in the Depart-
ment of Analytical Chemistry from Gembloux
Agro-Bio Tech (University of Liege, Belgium). For
quantitative analyses (percentage determination),
we used fast GC, which proved to be powerful for
analysis of essential oil constituents (Bicchi ef al.
2004).

Essential oils solutions (10 mg/10 ml (EOs/n-
hexane)) were prepared and diluted four times
before analysis. One ul of these solutions were
injected for analysis. In GC-FID as in GC-MS, the
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following chromatographic conditions were found
to be optimal for good peak resolution. The tem-
perature programme was as follows: isotherm at
40 °C for 5 min then increased to 280 °C by 8 °C/min
and final held at 280 °C for 5 min. Injector (splitless
mode) and detector temperatures were of 280 °C
and 290 °C, respectively. Helium was the carrier
gas at a constant flow rate fixed at 1.5 ml/min. The
column used was a fused silica capillary column
(Optima-5-MS-Accent (Macherey-Nagel, Diiren-
Germany), 5 % phenyl and 95 % methylsiloxane
(30 m x 0.25 mm i.d., film thickness 0.25 um).
GC-FID a Trace Ultra GC (Thermo Electron
Corporation, 5 Interscience, Louvain-la-Neuve,
Belgium) fitted with a flame ionisation detector
was used for determination of the proportions (%)
of essential constituents. The percentage of each
component was calculated as the ratio of peak area
on the total of GC peak areas. Air and hydrogen
flows were 350 ml/min and 35 ml/min, respec-
tively. GC-MS identification of components was
carried out on a mass spectrometer (Agilent 5973
Network Mass Selective Detector Quadrupole,
coupled to a gas chromatograph Agilent 6890N
(G1530N), U.S.A). Mass spectra were recorded at
70 eV and the mass scanned range was from 50 to
550 amu. The mass spectra were compared to
those from Wiley 275 L, a computerised database
and those given in the literature (Joulain & Konig
1998; Adams 2001). Pure compounds confirmed
theidentification of the major constituents. Identi-
fication of the major components was confirmed
by comparing their GC data and mass spectra with
those from pure compounds whenever commer-
cially available. For that purpose, stock solutions
(10 mg/10 ml n-hexane) were prepared and
diluted enough to obtain symmetrical peaks when
using the mentioned chromatographic condi-
tions. The retention data of pure compounds were
compared with those of essential oils constituents.
The tolerance limit was + 0.1 min.

Fumigant toxicity

Essential oils extracted from R. chalepensis, L.
stoechas and M. pulegium were tested by fumiga-
tion for their insecticidal activities on the adults of
R. dominica. Tests were conducted in 31 ml glass
jars. Different concentrations were used corres-
ponding to 6.45, 11.29, 16.13, 32.26, 64.51 and
129.03 ul/l@ir. To determine the natural mortality
of insects, other treatments were carried out with-
out essential oils. For this purpose, filter paper

(Whatman No.1 disks of 1.7 cm diameter) impreg-
nated with essential oils at the mentioned concen-
trations, were attached to the lids of glass vials.
Ten unsexed adults of R. dominica were added into
a vial and tightly sealed and kept under the same
conditions as rearing (28 + 1°Cand 40 + 10 % RH)
at continuous darkness. Insect mortality was
recorded daily starting from the first day after
treatment until the seventh day. Individuals were
considered dead when neither leg nor antenna
showed a movement even when probed. Each
treatment with and without essential oils (control
treatment) were replicated seven times.

Data analysis

Mortality was corrected using Abbot’s formula
(Abbot 1925). Lethal concentrations 50 % (LCso)
were calculated using Probit analysis (Finney
1971). All data were subjected to the Statistical
Analysis System (SAS 9.0) and the PDMix proce-
dure to detect the difference between essential
oils, concentrations and time at the 5 % probability
level.

RESULTS

Oil yields

The oil yields by steam distillation of the aerial
parts of R. chalepensis, L. stoechas and M. pulegium
were 0.39, 0.15 and 0.68 %, respectively.

Fumigant toxicity

Results of the three essential oils toxicity against
R. dominica are presented in Fig. 1, which shows
the effect of essential oils on the mortality of
R. dominica adults. After 24 h, all insects in the con-
trol group were still alive. The mortality of insects
increased with increasing concentrations of essen-
tial oils. In addition at the higher concentration
(129.03 ul/l(air)), mortalities reached 100 % after 24 h
after treatments with the three essential oils used
in this study. Mentha pulegium essential oil caused
36.93,73.87 and 81.83 % of mortality for 6.45,11.29
and 16.13 ul/lqin, respectively. Mortalities reached
100 % for higher concentrations which correspond
to 32.26, 64.51 and 129.03 ul/lqi after 24 h, respec-
tively. For R. chalepensis oil, low mortalities with
8.36, 11.22 and 15.96 % were noted at 6.45, 11.29
and 16.13 ul/lair), after 24 h, respectively. These rates
increased strongly at 32.26 ul/l@in with 48.98 %
mortality and reached 100 % at the higher concen-
tration of 129.03 ul/l (air). After 24 h, L. stoechas essen-
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Fig. 1. Mortality caused by Mentha pulegium, Ruta chalepensis and Lavandula stoechas essential oils against
R. dominica adults. Error bars represent the standard error of the mean of seven replicates, each replicate contained
10 individuals. Means corresponding to each treatment with different letters are significantly different from each other

(Tukey-Test, P < 5 %).

tial oil caused also low mortalities at 6.45 and
11.29 ul/lair, which corresponds to 6.9 and 10 %,
respectively. Better mortality rates of 34 and 38 %
were obtained after 24 h at 16.13 and 32.26 ul/lqir
against R. dominica. LCsy values of M. pulegium,
R. chalepensis and L. stoechas essential oils were
13.52,39.12 and 42.90 ul/lain), respectively (Table 1).

Essential oils composition

The determination and quantification by GC-MS
and Fast GC-FID of the three essential oils extrac-
ted from R. chalepensis, L. stoechas and M. pulegium
are presented in Tables 2, 3 and 4.

Twelve, 37 and 22 compounds were identified
from essential oils of R. chalepensis, L. stoechas and
M. pulegium, respectively representing 98.54 %,
95.01 % and 99.51 % of the total essential oil
constituents. In M. pulegium essential oil, two

Table 1. Lethal concentrations LCso and LCqs of Mentha
pulegium, Ruta chalepensis and Lavandula stoechas
essential oils against Rhyzopertha dominica

LCso UI/I(air) LCos IJI/I(air)
M. pulegium oil 13.516 45.682
R. chalepensis oll 39.115 113.126
L. stoechas oil 42.898 170.529

Table 2. GC-MS and GC-FID analysis of chemical
extracts (in relative %) of pure Mentha pulegium essen-
tial oil

No. Compound Retention index %
(measured)
1 a-Pipene 937 0.51
2 Sabinene 976 0.15
3 B-Pinene 982 0.42
4 Myrcene 989 0.26
5 Octan-3-ol 995 1.69
6 Limonene 1034 1.73
7 1,8-Cineole 1038 0.44
8 Linalool 1100 0.13
9 Menthone 1162 0.49
10 Isomenthone 1172 11.95
11 Isopulegone 1181 1.35
12 Menthol 1187 0.06
13 (1)-Isomenthol 1195 0.76
14 Pulegone 1250 76.85
15 Iso-menthylacetate 1311 0.30
16 Piperitenone 1349 0.61
17 B-Elemene 1400 0.14
18 -Caryophyllene 1437 0.48
19 Aromadendrene 1460 0.05
20 a-Humulene 1473 1.00
21 Germacrene D 1496 0.10
22 y-Eudesmol 1645 0.04
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Table 3. GC-MS and GC-FID analysis of chemical
extracts (in relative %) of pure Lavandula stoechas
essential oil.
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Table 4. Relative amounts (area %) of identified chemi-
cal extracts of pure Ruta chalepensis essential oil using
GC/MS and GC-FID analysis.

No. Compound Retention index %

No. Compound Retention index %

(measured) (measured)
1 a-Pipene 937 6.61 1 Sabinene 976 0.21
2 Camphene 955 7.69 2 2-Octanone 989 0.31
3 Sabinene 976 0.35 3 Limonene 1034 1.75
4 B-Pinene 982 0.85 4 2-Nonanone 1092 39.16
5 Myrcene 990 0.35 5 2-Nonanol 1100 0.15
6 Para-cymene 1028 0.38 6 Geyrene 1150 1.05
7 Limonene 1034 1.19 ; i‘BZgZ:ZI"e Egg g-?i
g ;fnglgizle 1 ggg ! ;% 9 1-Octanol acetate 1229 0.46
10 Linalool 1100 358 10 2-Undecanone 1294 51.23
11 a-Thujone 1112 0.22 11 2-D9decanone 1363 0.62
) 12 2-Tridecanone 1493 1.14
12 Neo,allo-ocimene 1150 0.38
13 Trans-pinocarveol 1153 0.51
14 Camphor 1158 2375 (6.61 %). Other important constituents identified
15 Iso-pinocamphone 1176 045 in L. stoechas essential oil were myrtenyl actate
16 Born.eol 1181 0.31 (3.88 %), linalool (3.58 %) and fenchone (2.79 %).
17 Terpinen-4-ol 1187 030 The main sesquiterpenes of the oil were -caryo-
18 Myrtenol 1203 161 phyllene (1.11 %), B-selinene (1.31 %), trans-a-
;g I'f’/l‘;'rrt‘gr'fy‘l’:;f;‘fe }gg; ;Z; bisabolene (2.30 %), d-cadinene (3.21 %), selina-3,
1 a-Copaene 1386 0.67 7(11)-diene (3.48 %), cis-a-copaene-8-ol (1.47 %)
o0 Geranylacetate 1390 094 and viridiflorol (2.57 %) (Tab.Ie 3). -
23 B-Cubebene 1400 0.44 Table 4 shO\fvs the chemlca.l comp051t.10n f)f
o4 B-Caryophyllene 1437 111 R chalepensis oil and their relative proportions in
o5 Allo-aromadendrene 1473 026 the pure oil identified by GC-MS and quantified
26 Epi-bicyclosesqui- 1478 061 by Fast GC-FID. Both 2-undecanone (51.23 %),
phellandrene 2-nonanone (39.16 %) were the major compounds
27 a-Amorphene 1485 0.38  of R. chalepensis essential oil (Table 4). Other com-
28 B-Selinene 1506 1.31 pounds obtained in important proportions were
29 Trans-a-bisabolene 1509 230  2-decanone (2.32 %), limonene (1.75 %), 2-trideca-
30  d-Cadinene 1530 321 none (1.14 %) and geyrene (1.05 %).
31 Cadina-1,4-diene 1536 0.50 Results showed that limonene and sabinene
32 y-Selinene 1547 0.93  wereidentified in the three essential oils in various
33 Sglina-3,7(11)-diene 1561 348 amounts (Tables 2, 3 and 4). Linalool, a-pipene,
34 Clls.-clx-Copaene-B-oI 1579 1.47 pB-pinene, 1,8-cineole, f-caryophyllene and
35 Viridiflorol 1616 2.57 myrcene were the common compounds obtained
36 Tau-muurolol 1654 037 in essential oils extracted from L. stoechas and M.
37 Oxo-a-ylangene 1692 0.18

monoterpenes which were pulegone (76.85 %)
and isomenthone (11.95 %) were identified as the
major constituents of the oil. Octan-3-ol (1.69 %),
limonene (1.73 %) and isopulegone (1.35 %) were
also identified in important amounts (Table 2).
The prominent compounds of L. stoechas essen-
tial oil were camphor (23.75 %), 1, 8-cineole
(17.57 %), camphene (7.69 %) and a-pipene

pulegium aerial parts.
DISCUSSION

Essential oil yields

In this study, the yield of essential oils depends
considerably upon plant species. Our results
showed that the oil yields of R. chalepensis,
L. stoechas and M. pulegium were 0.39, 0.15 and
0.68 %, respectively. Several authors studied the
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yield of essential oils extracted from M. pulegium
(Franzios et al. 1997; Attia et al. 2012; Brahmi et al.
2016a; Chraibi et al. 2016, Ben Chaaban et al. 2019),
R. chalepensis (Mejri et al. 2010; Akkari et al. 2015;
Tampe ef al. 2016) and L. stoechas (Hassiotis 2010;
Carrasco et al. 2015). They reported some relative
variations in the essential oil yields.

Steam distillation of L. stoechas yielded 0.15 % of
essential oil, whereas Carrasco et al. (2015) recor-
ded yields from 0.3 to 1 % from L. stoechas growing
in southeast Spain. A study by Chekoual et al.
(2018) showed that essential oil yields varied from
0.5 % to 1.6 % depending upon collecting region
and length of time of distillation of Algerian
L. stoechas.

The yield of R. chalepensis (0.4 %) was higher
in comparison with those recorded by Tampe
et al. (2016) which was 0.3 % collected from the
commune of Puerto Montt. While Mejri et al.
(2010) showed higher yield of essential oil from
R. chalepensis from region of El Fahs reaching
5.51 %.

The yield of M. puleguim essential oil was lower
(0.68 %) compared to other studies carried out by
Kokkini et al. (2002), Abdelli et al. (2016), Brahmi
et al. (2016a) and Ben Chaaban et al. (2019) which
reached 2.6 %, 1.45 %, 1.41 % and 1.56 %, respec-
tively. However, it was higher than the yield
reported by Attia et al. (2012) which was 0.1 %.

These differences depend on many factors such
as the origin of plants, the method or extraction
time, the plant parts used and the collecting
period (Wong et al. 2005; Mejri et al. 2010). How-
ever, essential oil extraction required a high quan-
tity of plants; consequently they are expensive and
available in limited quantities.

Fumigant toxicity of essential oils against
R. dominica

In this study we assessed the toxicity of three
essential oils from three plants R. chalepensis,
L. stoechas and M. pulegium against adults of
R. dominica. Results showed that fumigant toxicity
against R. dominica differs greatly among plant
species used for oil extraction reflecting their
differences in composition. Indeed, LCsp values of
M. pulegium essential oil reached 13.51 ul/lair after
24 h of exposure, whereas a study by Brahmi et al.
(2016a) recorded the LCsy of M. pulegium and
M. rotundifolia as 6.9 and 3.39 ul/mlir), respectively,
after 24 h of exposure. Mentha pulegium used in our
experiments reflected better efficiency against
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R. dominica compared to literature data even if the
two species of Mentha presented pulegone as a
major compound with similar percentages. This
suggested that secondary compounds probably
also play a role in the toxicity. The difference in
results with the literature data may be also
explained by differences in the experimental con-
ditions. In our case, jars were hermetically sealed
so volatile compounds remained in contact with
R. dominica individuals whereas we assumed it
was not always the same with other studies
(Brahmi ef al. 2016a). Ruta chalepensis oil used in
the current study seems more effective (LCsp =
39.11 ul/lair)) compared to previous research with
other insects, e.g. Majdoub et al. (2018) showed that
the essential oil of R. chalepensis has an insecticidal
effect againstadults and larvae of T. castaneum and
recorded LCsp values of 176.075 and 415.348 ul/lair)
after 24 h of exposure, respectively. However, the
toxicity of this essential oil may be due to the
amounts of 2-undecanone (51.23 %) and 2-nona-
none (39.16 %). A recent study of Abdellaoui et al.
(2018) reported that the main components of
R. chalepensis are: 2-octanol, acetate (30.98 %), 2-
undecanone (25.94 %) and 2-nonanone (16.28 %).
The same authors showed that R. chalepensis essen-
tial oil exhibited toxicity against pupae and adults
of T. confusum with LCsp values of 0.05 and
0.08 ul/em?. Another research by Abbad et al. (2014)
showed that R. chalepensis essential oil possessed
toxicity against both T. castaneum and T. confusum.
The susceptibility of these two pests was not
significantly different. The major component of
this oil was 2-undecanone with 93.1 %.

Essential oil extracted from L. stoechas was less
effective against R. dominica with LCso value of
42.89 ul/l@iry in comparison with literature with
LCso value of 5.66 ul/lin) after 24 h of treatment
(Ebadollahi et al. 2010).

The differences in toxicity between different
species of plants are probably related to the
proportion of main components present in each
essential oil (Attia et al. 2012). In that context, the
toxicity of each constituent should be studied
separately. In the literature, there are many studies
that reported differences in chemical composition
of the same species of plant. In this study, the
major components of L. stoechas essential oil are
camphor (23.75 %), 1,8-cineole (17.57 %),
camphene (7.69 %) and a-pipene (6.61 %). How-
ever, those in the same plant grown in Iran were
1,8-cineole (7.02 %), y-cadinene (5.33 %), T-cadinol
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(5.07 %), p-mentha-1-en-8-ol (5.02 %) and caryo-
phyllene (5.01 %).

Suthisut et al. (2011) showed that Alpinia conchi-
gera oil was toxicagainst S. zeamais and T. castaneum
adults with LCso values of 85 ml/lqiry and 73 ml/lair)
after 48 h of exposure, respectively.

Other reports investigated the use of essential
oils against R. dominica. In 2008, Ogendo et al.
reported that the oil from Ocimum gratissimum L.
caused 98 %, 99 % and 100 % mortality of R. domi-
nica, Oryzaephilus surinamensis L. (Coleoptera:
Silvanidae) and Callosobruchus chinensis L. (Coleop-
tera: Chrysomelidae), respectively, at 1 ul/lqir after
24 h of treatment. The oil from O. gratissimum
seems to be more effective on R. dominica than the
oils tested in the present study.

In comparison, a study by Ebadollahi (2018), the
three essential oils tested in this study possess
more toxicity against R. dominica than Apium
graveolens L. essential oil which its LCso corres-
ponded to 53.50 ul/lair) after 24 h of exposure com-
pared to M. pulegium, R. chalepensis and L. stoechas
essential oils with LCsy values of 13.52, 39.12
and 42.90 ul/lqin, respectively. Essential oils
showed differences in their activities depending
upon plant species, geographic origin, chemical
composition, concentration, exposure time, insect
tolerance and its stage of development. In the
same way, Bond (2011) showed that the level of
fumigant used to kill stored grain pests depended
on stage, species, duration, temperature and
commodity. Essential oils are used to manage
insects; they are without appreciable mammalian
toxicity (Edris 2007; Vigan 2010). Some of their
components are toxic such as pulegone, a-thujone
(Isman & Machial 2006), their use must be recom-
mended with caution.

Chemical composition of essential oils
Qualitative and quantitative compositions of
essential oils from M. pulegium, R. chalepensis and
L. stoechas in this study were different. These
differences depend considerably upon plant
species, method of extraction and origin and
period of collecting plant. Qualitative and quanti-
tative compositions of essential oils from L. stoechas
in this study were different compared to other
studies. Indeed, chemical composition of L. stoechas
showed that camphor is considered to be the
major component with 23.75 % followed by
1,8-cineole with 17.57 % presenting about 50 %
from all components whereas a study carried out
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by Hassiotis (2010) showed that fenchone is the
major component present45.19 % followed by 1,8-
cineole with 16.30 %. The composition of L. stoechas
essential oil was reported in another paper by
Cherrat et al. (2014) who showed that 10s,11s-
himachala-3(12),4-diene and cubenol were the
major compounds with 23.62 % and 16.19 %,
respectively.

Chemical composition of essential oil extracted
from R. chalepensis present two main compounds:
2-undecanone (51.23 %) and 2-nonanone (39.16 %).
This result confirmed previous findings by Tampe
etal. (2016) and Ortu et al. (2016) who identified the
two compounds levels reaching 40.11 %, 41.71 % of
2-undecanone and the 2-nonanone and 24.01 %,
25.31 %, respectively. However, Tounsi et al. (2011)
reported that the 2-nonanol and the 2-undeca-
none are the predominant compounds found in
essential oils obtained from the leaves, flowers,
stems and fruits of R. chalepensis. Whereas Mejri
et al. (2010), reported that the 2-decanone and the
2-undecanone are obtained from dried and fresh
leaves with highestlevelin fresh leaves. This study
demonstrated also that quantitative and qualita-
tive composition of essential oil extracted from
R. chalepensis depended on the plant origin, the
duration of the extraction, the distilled plant parts
and the drying process.

In our case, pulegone was the main compound
and represented 76.85 % of M. pulegium essential
oil. This was confirmed by Franzios et al. (1997),
Abdelli et al. (2016), Brahmi et al. (2016a) and
Chraibi et al. (2017). Whereas 1,8-cineole (31.9 %)
(Salhi et al. 2017), from M. pulegium collected in
Morocco and menthone with amounts of 53.4 %
and 49.6 % (Kokkini et al. 2002) found in M. pulegium
collected from the island of Crete and island of
Amorgos, respectively are the major components
of this essential oil. Another study reported by
Ben Chaaban et al. (2019) demonstrated that
1,8-cineole and carene (14.6 % and 10.19 %) from
the same plant collected from Tozeur in the south
of Tunisia, were the major constituents identified
in M. pulegium essential oil. If the insecticidal
activity of pulegone is now well established, its use
must be recommended with caution because of its
toxicity to humans, and pulegone is not recom-
mended to be used at very low doses.

Mentha spicata essential oil exhibited high toxic-
ity against R. dominica with LDso values of 6.1 ul/
mlin with its major components being carvone
(48.5 %), limonene (20.7 %), 1,8-cineole (5.36 %), 3-



346

caryophyllene (3.4 %), and germacrene-D (3.4 %).
This oil caused a mortality of 43 % on the adults of
R. dominica at the dose of 2 ul/ml after 96 h of treat-
ment (Brahmi et al. 2016b). It is less effective than
Mentha essential oil tested in this study.

In spite of being the subject of considerable
scientific research, few products made of essential
oils for pest control are commercialised.

CONCLUSION

This study was carried out to determine the
insecticidal activity of three essential oils extracted
from Lavandula stoechas, Mentha pulegium and Ruta
chalepensis collected in Tunisia against R. dominica.
It also concerned their chemical composition
characteristics. As a result, it revealed that all
essential oils presented fumigant toxicity against
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