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| Abstract: In the present study, the aerial parts of the Laperrine olive (Olea europaea subsp. Laperrinei) are subjected to acid extraction and the chemical com-
position of the extracts is determined by HPLC-DAD. The main compounds found in all of extracts are: hydroxytyrosol (30.45%), tyrosol (0.69%), oleuropein
(32.76%), ferrulic acid (17.77%), quercetin (31.57%) and hesperetin (6.90%).The extracts obtained from the leafy stems of Laperrine olive tree are tested on the
moth Ephestia kuehniella flour. Their administration by inhalation of newly exuviated chrysalises extends the duration of nymphalid development and disturbs the
exuviated adults reproduction, by reducing the period in which the eggs are being laid. Thus, compared to the control insects, the number of eggs laid by treated
females is significantly reduced after the treatment by extracts. Besides, the administration of different extracts of adult butterflies has a premature mortality effect.

Introduction

The Laperrine olive-tree or southern olive tree is
under-species of the olive-tree belonging to the Ole-
aceae’s family. According to Besnard et al. (1), this en-
demic species occurs in sub-arid to arid habitas and is
observed in Algeria only in Central Sahara (Ahaggar,
Taessa, Abeleheg, Hoggar, Tefedest, Tassili and Mouye-
dir), essentially in mountainous regions which altitude
reaches 2800 m, with low precipitation under 100 mm
(2). This olive-tree is now known as an under-species of
the complex taxonomic Olea europaea (3). The Laper-
rine olive-tree which real scientific name is Olea euro-
paea subsp. laperrinei (Batt. and Trab.) is now a taxon
close to the Mediterranean rim olive-tree.

This is an important genetic resource for its drought
resistance quality which can be used as a rootstock of
different olive-tree varieties cultivated in arid regions
(2).

Many storage systems rely on the use of synthetic
insecticides and fumigants, such as methyl bromide and
phosphine to control pests of stored products (4). Chem-
ical pesticides are economical and effective, but have
the disadvantage of causing resistance in treated insects
and are harmful to the environment and to humans (5,
6). Plants produce many molecules against parasites.
One of the research strategies is to study the plant and
its extracts in order to identify some compounds that
can be used as natural insecticides (7). Many studies

have shown that plant extracts are an alternative method
of controlling insect pests of stored commodities be-
cause they are a source of bioactive natural compounds
(8). These natural insecticides, called plant insecticides,
have a great advantage over synthetic compounds be-
cause they are rapidly biodegradable (9).

The Laperrine olive-tree was not yet studied to eval-
uate its potential bio-insecticide activity; the literature
lacks the quantitative or qualitative study of its phenolic
compounds. Moreover, no evaluation study of insecti-
cidal effect of olive leaves against Ephestia kuehniel-
la was found. The present work is a preliminary study,
which is a contribution to a better understanding of La-
perrine olive tree and gives a way to value this plant as
a bio-insecticide. Therefore, our aim in this study is to
investigate the polyphenol content of Laperrine olive-
tree leaves extract and the insecticidal effects against to
Ephestia kuehniella.

The flour moth Ephestia kuehniella Zeller is a food
moth which damages are exclusively caused by caterpil-
lars. Its larvae mainly attack stocked food such as flour,
cereals grains (rice, corn and wheat), semolina, pastas,
and rarely dried fruit such as raisins, figs and apricots.
They reduce the quality of product by their presence and
cause direct damages in food because of chemicals pro-
duced by mandible glands (10).
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Materials and Methods

Laperrine olive collection

The leaves and stems of O. europaea subsp laper-
rinei were gathered from Ouled Hanghassi in Taman-
rasset’s region (23°14°50.1”°N, 5°29°13.7”E) on May
2015. Identification of the species was carried out ac-
cording to the keys of the Ozenda flora manual (11).
Authentication of the species is confirmed by Mr. Ab-
dellah Salhi, Chief of the National Institute of Forestry
Research Tamanrasset (INRF), Algeria. A reference
specimen has been deposited at Mouloud Mammeri
University (OLE1-2015 Tam, FSBSA / TO).The col-
lected leaved stems are selected and dried in the open
air, in the shade and protected from humidity.

Insect material

The moths were brought from Seybousse Mills in
Annaba city (North-East of Algeria). The breeding is
brought to the laboratory in a sterilizer under optimum
development conditions, characterized by a temperature
of 27 °C, a relative humidity nearing 70% and darkness
(12, 13). The adults are laid down in glass jars with a
volume of 1.5 1, 20 cm high and 10 cm diameter, con-
taining flour and covered by a piece of tulle fabric fixed
by an elastic band. A piece of cotton soaked with sug-
ared water is laid on each jar in order to activate the
growth of the pest insect. A daily follow-up allows to
sex and to remove the male and female larvae in Petri
dishes containing flour and pleated paper allowing lar-
vae to enter the pupal stage (14). The distinction of the
sexes is quite easy at the larval stage, where the male
larvae have two brown spots on their posterior part cor-
responding to the testicles.Their dating is expressed in
days after the nymph exuviations (15).

Plant extraction and bio-insecticide evaluation

The dried leaves and stems are grounded in an elec-
tro mechanical grinder. The achieved powders undergo
an acid hydrolysis following the analytical protocol
conceived by Lebreton et al. (16) and Jay et al. (17).

To two grams of vegetable powder we add 160 ml of
2N hydrochloric acid. The mixture is heated in a water
bath at 40 ° C. for 40 minutes, with air being blown up
every 10 minutes. The aqueous phase is extracted three
times with diethyl ether (60 ml - 60 ml and 40 ml).

This extraction makes it possible to collect the agly-
cones in the ethereal epiphase. The ether extracts are
combined for spontaneous evaporation to dryness, un-
der ventilated hood. The dry residue is recovered in 5 ml
of methanol and stored at 4 °C.

The residual aqueous phase is taken up for the ex-
traction of the C-glycosides with n-butanol (40 ml n-
butanol: 40 ml). The butanol extract is evaporated to
dryness, under a ventilated hood. The dry residue is re-
covered in 5 ml of methanol and stored at 4 °C. The raw
extracts resulting from the hydrolysis are represented by
the ether layer stemming from the leaves (LE) or from
the stems (SE) and from a butanol phase obtained from
the leaves (LB) or from the stems (SB). They are tested
on the flour moth.

Dosages

Determination of flavones-aglycones content

The ethereal dry extract is recovered by methanol
and adjusted in graduated flasks of 10 cm* The dif-
ferential dosage of total flavones-aglycones makes the
Al™ ions chelating properties infer on flavonoids. The
height of the differential peak, proportionally to the
concentration of flavones-flavonols which are present
in the extract is determined by spectrometry on wave-
length 430 nm. The total content of flavones-aglycones
is expressed in mg of an equivalence quercetin/g of veg-
etable powder (mg EQ/g) using the following formula,
Lebreton et al. (16):

T flavones- aglycones = (AA/e) x M x V x (d/w) =
1.3 x 102x AA x V x (d/w), where AA is the differen-
tial absorbance peak; € is the molar absorption coeffi-
cient of quercetin in aluminium chloride (=23000); M
is the quercetin molar mass (= 302); V is the volume
of flavones-aglycones methanol solution; d is the dilu-
tion factor and w is the dry weight of hydrolyzed plant
material.

Determination of Anthocyanins content

The water-soluble anthocyanins is dosed by spec-
trophotometry at anthocyanins maximal wavelength
between 500 and 560 nm. According to Lebreton et al.
(16), the content of total proanthocyanins is expressed
in mg of an equivalent procyanidin/g of vegetable pow-
der (mg EPC/g), using the following formula: T antho-
cyanins =n x (A/ &) x M x Vx (d/w) =52x 10?x Ax
V x (d/w). ‘1. is correction factor of oxidation yield of
pro-anthocyanins into anthocyanins (estimated to 17%)
; A is the absorbance at the maximum absorption wave-
length; ¢ is the molar absorption coefficient of cyanidin
(=34 700); M is cyanidin Molar Mass (=306); V is the
volume of butanol phase ; d is the dilution factor; w
is the weight of dry matter of the hydrolysed vegetable
material.

Determination of C. Glycosides content

The butanol dry extract is recovered in 10 cm?® of
methanol and dosed by spectrophotometry at a wave-
length of 340nm. The content in total C-glucosides is
expressed in mg equivalent orientin/g of vegetable pow-
der (mg EO/g) with the following formula:

T C. glycosides = (A/ e x M xV x (d/w) = 2.5 x 10
x A x V x (d/w). A is the absorbance at the maximum
absorption wavelength; € is the molar absorption coeffi-
cient of orientin (=18850); M is the orientin molar mass
(= 448); V is the volume of the methanol solution; d is
the dilution factor and w is the dry weight of hydrolyzed
plant material.

Chemical composition

Chemical analysis of different extracts is obtained
by DAD liquid chromatography (Agilent Serial 1100)
under the following conditions: the mobile phase corre-
sponds to acidified water at 0.2% with acetic acid at pH
3.1 and with acetonitrile by linear elution gradient dur-
ing 30 minutes at 1.5ml/min, starting with 95% of water
and with 100% of acetonitrile. The injected volume cor-
responds to 5l of extract diluted in methanol. The iden-
tification of different compounds is made by comparing
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different time standards under the same conditions (18).

Treatment by inhalation

In order to estimate the insecticidal effect of the ol-
ive-tree raw extracts, they are administered to chrysa-
lises and to newly exuviated adults by inhalation (satu-
ration of their environment) (14). The different extracts
are sprayed on filter paper and deposited into Petri dish
or into the insect tubes.

As for the chrysalises, in a Petri dish, the raw ex-
tract is sprayed on a pleated paper on which are laid four
newly exuviated female pupae immediately after the
nymph exuviations which represents the early develop-
ment of lepidopterous ovaries (13). This administration
at the stage of the life cycle is a test for the fertility of
females and the percentage of eggs lay. Seven repeti-
tions are carried out for ach treatment; the control plates
are treated with solubilisation solvent, represented by
methanol.

In the case of adults, from their exuviation, a couple
is displayed in a tube containing 30 g of flour. The crude
extract is sprayed on a pleated paper introduced in the
tube. Seven repetitions are handled by treatment, the
control boxes are treated with methanol.

The effect of raw extracts on Ephestia kuehniella
reproduction is assessed based on the following param-
eters:

* The nymph development duration which corresponds
to the time expressed in days, which separates the
nymph exuviations from the adult exuviations;

* The pre-oviposition period represented by the number
of days separating the adult emergence from the begin-
ning of the egg laying;

* The period of oviposition is estimated by the number
of egg laying days;

* The female fertility, which corresponds to the number
of eggs, lay during the whole oviposition duration.

Then, ten newly exuviated male and female adults
are introduced in a tube of 15 cm length and 3 cm di-
ameter, containing 30 g of flour. The treatment is done
by a raw extract atomization of pleated paper which is
in the tube. The action is repeated thrice. The control
tubes are treated with methanol. The toxicity tests of the
various extracts are made on the daily count of the dead
treated insects over a period of 21 days, corresponding
to a 100% control mortality rate (7). W e aim to estimate
the insects longevity submitted to the olive-tree raw ex-
tracts. The longevity is estimated through the mortality
rate of the treated control insects which is calculated by
the following formula:

Observed mortality = (Number of dead individuals/
Number of total individuals) x100. The experiment lasts
21 days.

Statistical analysis

The results are expressed under an average form af-
fected by its standard deviation. The t-Student test is
used to analyze the level of statistical significance be-
tween the series of averages treated by pairs in the case
of the conducted dosages.

The influence of the different extracts on the moth
reproduction parameters is subject to an ANOVA to a
factor. The normality of the data is specified at first by
the Pearson test. The statistical analysis is realized with
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Figure 1. Flavone compounds content of different extracts ob-
tained from the leaves powder (LP) and from the stems powder

(SP) of the Laperrine olive-tree.

the software program Statbox 6. In the case of a signifi-
cant difference, we use the Newman-Keuls test to define
the homogeneous groups.

Results

Dosages

Figure 1 recaps the calculation results of phenolic
compounds contents extracted from the Laperrine olive-
tree leaved stems. The data statistical analysis shows a
significant difference (P < 0.001), of the flavones-flavo-
nols and anthocyanins absolute content. Indeed, we can
notice in the case of leaves powder, an average content
of 0.389 £+ 0.004 mg equivalent quercetin /g of vege-
table powder and 1.573 + 0.012 mg equivalent procy-
anidin /g of vegetable powder, whereas in the case of
stems powder, we can record 0.21 = 0.06 mg equivalent
quercetin /g of vegetable powder and 0.803 £+ 0.006 mg
equivalent procyanidin /g of vegetable powder. As for
the C-glycosides the Student test enhances a significant
difference with an average of 1.167 £ 0.002 mg equiv-
alent orientin/g of vegetable powder for LP (Leaves
Powder) and 1.161 + 0.001 mg equivalent orientin /g of
vegetable powder for SP (Stems Powder).

The results of dosages realized in both phases pro-
duced by the leaves powder and the stems powder show
a very significant difference in favor of the leaves ex-
tracts.

Chemical composition

The chemical composition of different extracts is
carried out by liquid chromatography. 21 compounds
are identified " Table 1". Our results show the presence,
in all extracts, of hydroxytyrosol, tyrosol and oleuro-
pein specific to Olea europaea (19).

Laperrine olive-tree raw extracts effect on Ephestia
kuehniella reproduction

Raw extracts effect on the nymphal development pe-
riod

The raw extracts applied at a chrysalis stage of the
Ephestia kuehniella, all extend the duration of pupal de-
velopment compared to the control insects, for which
we record a value of 7.14 £ 0.24 days.

The applied statistical test brings out a significant ef-
fect (P < 0.001), we obtain an average of 38.29 + 0.41
days for LB. The pupae exuviation is done after 14.29
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Table 1. Main chemical compounds identified in olive tree Laperrine extracts.

Ethereal Leaves

Ethereal Stems

Butanol Leaves

Butanol Stems

Chemical compounds extract extract extract extract
Retention Area Retention Area Retention Area Retention Area
time (min) (%) time (min) (%) time (min) (%) time (min) (%)

Hydroxytyrosol 4.838 30.45 4.853 18.78 4.830 5.32 4.850 8.47
Tyrosol 5.898 0.45 - - 5.852 0.43 5.887 0.69
Caffein - - 6.467 0.49 6.453 0.75 4.483 0.71
Aesculein Acid - - - - - - 7.002 1.36
Caffeic Acid 7.062 0.61 - - 7.046 0.84 - -

Vanillin 8.673 2.12 8.656 1.06 - - - -

Ferrulic acid 9.257 5.40 9.233 0.95 9.234 6.65 9.239 17.77
P coumarique acid - - - - - - 9.672 2.03
3 hydroxy 4 methoxycinamic Acid - - - - 9.773 0.79 9.799 0.79
Oleuropein 10.119 4.13 10.198 32.76 10.103 4.86 10.222 13.21
Naringenine 7 oglucoside - - 10.456 2.38 - - 10.490 2.86
3.4,5 trimethoxybenzoic acid - - 10.817 4.99 - - 10.814 4.25
m-anisic acid - - - - 11.938 1.75 - -

Luteolin 12.491 1.31 - - - - - -

Quercetin 12.865 29.18 12.901 11.43 12.787 22.31 12.866 31.57
cinamic acid 13.897 1.35 - - - - - -

Apigenin - - - - 14.379 3.31 14.367 1.90
Hesperetin 15.028 6.90 15.056 5.63 15.061 2.54 15.006 4.28
Orientin - - - - 17.729 2.75 17.741 0.49
Vitexin - - - - 18.192 1.96 18.177 1.34
Isovitexin - - - - 18.495 1.24 18.468 1.07

- : Absence.

+ 0.41 days for SE, 11.00 + 0.57 days pour LE and 9.57
+ 1.63 days in the case of SB.

Thus, the most interesting insecticide effect seems to
be the effect corresponding to the butanol extract from
the leaves ‘powder for which the pupae exuviation is
effective only from the 38" day and to the effect of ethe-
real extract obtained from the stems powder with a pu-
pae development which lasts till the 14" day "Figure 2".

Laperrine olive-tree raw extracts effect on the pre-ovi-
position period

The comparative examination of the after-treatment
results shows a significant difference (P <0.01) between
SB, corresponding to the homogeneous group a, for
which the pre-oviposition period is on average of 1.57

45,00

»

40,00
35,00
30,00
25,00
20,00

15,00

Nymphal development period
{Days)

c d
10,00 e I
5,00 Iiiil
0,00
C LE LB SE SB

Treatements
Figure 2. The period of nymphal development related to the ap-
plied treatment (LE: Ethereal Leaves extract, LB: Butanol Leaves
Extract, SE: Ethereal Stems extract, SB: Butanol Stems extract, C:
Control and a, b, ¢, d, e : Homogeneous groups ).

+ 0.49 days and the control which presents an average
value of 1.00 £ 0 days.

In comparison with the control, the treatments left do
not present any significant difference "Table 2", as the
statistical performed test class them all in the same ho-
mogeneous group. Group b which presents an average
pre-oviposition period of 1.00 + 0 days.

Laperrine olive-tree raw extracts effect on the oviposi-
tion period

One day after the mating, the Ephestia kuehniella
control female starts its egg laying which lasts on aver-
age 4.29 + 0.41 days.

Figure 3 shows that when the LB extract is applied,
the number of days of the female egg laying diminish-
es in a significant way (P < 0.001); Indeed, the oviposi-
tion period is reduced by half with an average value of
2.43 +0.49 days, we can count 3.00 + 0.57 for SB, 3.29
+ 0.41 days for SE and 3.71 + 0.41 days for LE.

Laperrine olive-tree raw extracts effect on the Ephes-
tia kuehniella female fecundity

The application of raw extracts on the female para-
Table 2. The Laperrine olive-tree raw extracts effect on the Ephestia
kuehniella pre-oviposition period.

Leaves Stems
Control
powder powder
Ether extract 1.00+0 1.00+0
1.00+0
Butanol extract 1.14£0.24 1.57+0.49
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Treatements
Figure 3. Oviposition period depending on its extracts origin and
depending on the applied treatments (LE: Ethereal Leaves extract,
LB: Butanol Leaves extract, SE:Ethereal Stems extract, SB: Buta-
nol Stems extract, C: Control and a, b, c: Homogeneous groups).

site reduces on average of 1/4 the number of laid eggs
during the oviposition duration in comparison with the
control, which counts an average of 190.71 + 10.04
eggs. The ANOVA presents a significant effect (P <
0.001) with an average value of 40.57 + 7.35 eggs for
LE, 41.86 + 13.02 eggs for SE and respectively 56.71 £
10.04 eggs and 51.86 £ 21.31 eggs in the case of LB and
of SB "Figure 4".

Thus, all the tested extracts seem to have the same
effect on the Ephestia kuehniella female, as the New-
man-Keuls test class them all in the same homogeneous
group, the b group.

Laperrine olive-tree raw extracts effect on the Ephes-
tia kuehniella adults mortality

The Laperrine olive-tree raw extracts are adminis-
tered on the Ephestia kuehniella pest by inhalation, in
order to estimate their insecticide activity on the adults
mortality.

From the adult exuviation, many insects are placed
in a tube containing pleated paper sprayed with the raw
extract. A daily counting of dead adults is done until it
reaches 100% mortality.

The illustrating results in Figure 5 show that the ap-
plied treatment has an efficient insecticide effect on the
pest insects.

In the optimum development conditions, the con-
trol adults mortality significantly starts on day 5 of the
breeding. Indeed, we can record an average value of
6.67 £ 4.44 %. After the application of the LE and SE
extracts on adults, immediate effects arise. Those effects
may result in an average mortality rate 24 h after the

250,00
200,00 -
150,00 |
100,00 |
b
b
50,00

b
| o oml

C LE LB SE SB

Femalfecundity (Numbers of eggs)

Treatements

Figure 4. Female fecundity according to the applied treatments
(LE: Ethereal Leaves extract, LB: Butanol Leaves extract, SE:
Ethereal Stems extract, SB: Butanol Stems extract, C: Control and
a, b : Homogeneous groups).
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Figure 5. Adults mortality kinetics after the administration by in-
halation of the extracts. LE: Ethereal Leaves extract, LB: Butanol
Leaves extract, SE: Ethereal Stems extract, SB: Butanol Stems ex-
tract and C: Control.

beginning of the experiment, 3.33 + 4.44 % for LE and
10.00 + 6.67 % for SE.

As for the adults treated by LB and SB, we can no-
tice a starting mortality in day 2 of the treatment with
respective average values of 3.33 +4.44 % and 10.00 £
6.67 %.

A lethality of 50% is recorded in day 4 of the treat-
ment with SB (50 £ 6.67 %), and in day 5 for the LE
treatments (50 = 6.67 %) and SE (50 = 0 %). That value
is not reached until the 5" and 6™ day of the LB treat-
ment exposure, and only in day 17 in the case of the
control insects (50 = 0 %).

The mortality rate is significantly marked for each
day of the experiment. The control adults insects live on
average 20 days after which, we can count 100% mor-
tality.

In relationship with the obtained results, it seems
that the whole insects die after 10 days exposure to the
SE and LB extracts, after an eleven-day-treatment with
LE, and a fourteen-day-treatment with SB to have all
the adult insects dead.

Discussion

The quantitative analysis by the UV-visible spectro-
photometry method, of the phenolic extracts of Olea
europaea subsp. Laperrinei, allowed us to assess their
average amount of flavones-flavonols, which corre-
spond to the average value of 0.389 + 0.004 mg/g for
the leaves powder and 0.221 + 0.006 mg/g for the stems
powder, in anthocyanin, we have 1.573 + 0.012 mg/g in
the case of leaves powder and 0.803 £ 0.006 mg/g for
the stems powder. As for the C-glycosides, we calculate
an average amount of 1.167 + 0.002 mg/g, in the case
of leaves powder and 1.161 = 0.001 mg/g for the stems
powder. Those amounts clearly reveal that the Laper-
rine olive-tree leaves contain more phenolic compounds
than the stems.

The results of chemical analysis of various extracts
show that the levels and types of identified compounds
vary according to the nature of extract. Our results are
relevant to the work of Nashwa et al. (20), who iden-
tifies quercitin, apigenin, oleuropein and hesperetin in
leaf extracts Olea europaea L, according to Pereira et al.
(21) and Dekanski et al. (22), who found the presence of
caffeic acid, quercitin, luteolin, apigenin and oleuropein
in the same extract.

Great deals of studies have shown that flavonoids
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are implied in the mechanisms of plants defense against
insects attacks. That property seems to apply in vitro
conditions, as according to Teixeira da Silva (23) and
Golawska et al. (24), flavonoids have an insecticide ef-
fect. This observation supports our experiment. Our
study reveals an insecticide effect of flavone extracts
obtained from the leaves powder and from the stems
powder of the Laperrine olive-tree on Ephestia kue-
hniella. The inhalation of raw extracts by the chrysalis
extends their pupal development duration and disturbs
the adults reproduction. Out of the four tested extracts,
only SB seems to extend the pre-oviposition period in a
significant way.

We can notice that after the mating the oviposition
period is significantly reduced after the females ex-
posure to the tested raw extracts; nevertheless, the LB
fraction mostly disturbs the adults reproduction, as it re-
duces the egg-laying period to 2.43 days in comparison
to 4.29 days, observed in control in the optimum condi-
tions of the moth reproduction.

All the obtained fractions from the Laperrine olive-
tree’s powder disturb the adults fecundation by reducing
on average of 2/3 the number of laid eggs.

The results obtained suggest that Laperrine olive ex-
tracts have an insecticidal effect against E. kuehniella.
This effect is probably due to the presence of oleuro-
pein, quercetin and apigenin which can play a funda-
mental role in bio-insecticidal activity (24, 25).

The different articles consulted show the effects of
essential oils on the fecundity of stored food pests and
supports our results obtained on Ephestia kuehniella.
Thus, work on the essential oil extracted from the Ar-
temisia herba alba white shows a disturbance of the re-
production of the pyral by lengthening the duration of
the pre-ovipotion and of the nymphal development and
reducing the period of laying (14). Even if the female is
able to lay eggs, the number of eggs is reduced because
of the reduction of oviposition period.

Similar results have been obtained with Tagetes
minuta, Hyptis suaveolaen, Ocinum canum, Ocimum
basilicum and Piper guineense (26). Kellouche et al.
(27) have recorded no egg-laying with the Calloso-
bruchus maculatus females after the administration of
Mentha x piperita (Peppermint) essential oil with a dose
of 20 ul /50 g. Olea europaea leaf powder has a limited
effect on the number of eggs laid by the cowpea weevil.

The raw extracts interfere with a double mechanism
on the insects reproduction and on their longevity. When
administered to adults, the Laperrine olive-tree raw ex-
tracts provoke a significant mortality rate in comparison
to the control insects.

Indeed, we observe to start mortality from 24 hours
after the experiment (3.33% -10.00%), between the 4%
and the 6™ day of the experiment, 50% of the adult in-
sects die whereas the whole pests die between the 10%
and the 14™ day after the administration of our extracts.

Delimi et al. (14), have observed that the white
wormwood essential oil is efficient against the pest
E kuehniella. The adults lifetime progressively dimin-
ishes with the increasing of the applied dose.

We can also notice that the Goosefoot (Chenopodi-
um) and the Gum-trees (Eucalyptus) essential oils and
the Chenopodium ambrosioides powder have a great
insecticide activity.

They have been tested on six stored food pests Cal-
losobruchus maculatus, C. chinensis (Cowpea weevil),
Acanthoscelides obtectus, Sitophilus granarius, S. zea-
mais and Prostephanus truncatus. A concentration of
0.4% provoke a mortality of 60% of the Cowpea weevil
after a two-day-treatment (28, 29).

According to Kellouche et al. (30), leaf powder of
Olea europaea significantly reduces adult longevity of
cowpea weevil. The acetone extract of leaf powder of
Olea europaea variety Chamlali causes a 100% mortal-
ity in the adults of Myzus percicae and reduces the pen-
etration of the Phthorimaea operculella larvae in potato
tubers at 71.7% and the percentage of spawning of the
female at 93.3% (25). In addition, fed on olive-leaf meal,
adults of the Desert Locust (Schistocerca gregaria), re-
main brick red color and smooth, character indicating a
persistent of juvenile state, which makes the olive tree
a potential tool for preventive fight against desert locust
(31). The work of Mohammed (32), on the ethanolic ex-
tract of the olive tree shows that it induces a mortality
of 98.7% of the larvae and 80.9% of adults of Tribolium
confusum. The treatment of twigs infected with psylla
(Euphyllura olivina costa), with phenolic compounds
extracted from the olive tree causes in adults an average
mortality ranging from 63.5% to 71.7% depending on
the variety infected (33).

The plants resources constitute a great bioactive
molecules reservoir which can constitute solutions to
the environmental issues of sustainable development.
Those molecules naturally synthesized by plants play a
role in retro-regulation of insects population by plants,
a kind of natural regulator of the stored food products
pests. Those molecules could be used as a substitute for
synthetic chemicals which bad effects on ecosystems
and on human health are clearly evident.

The Laperrine olive-tree plant extracts, an under-
species of Algerian Central Sahara have shown an in-
secticide double effect on the Ephestia kuehniella pest
by extending in a significant way the pupal development
duration and by affecting in a limited way the pre-ovi-
position period and reducing the oviposition period and
the number of eggs laid by the female. A significant
mortality rate is also observed depending on the admin-
istered extracts to the flour moth. Those results con-
stitute a new run to explore in order to understand the
mechanisms of molecular action of those extracts.
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