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Abstract. Citrullus colocynthis Schrad. (Cucrubitaceae) seed oil extract insecticidal activity was evaluated by direct spraying
method on adults of Tribolium castaneum Herbst (Coleoptera: Tenebrionidae). Citrullus colocynthis was collected from Oued
Larneb which is located in the Algerian Septentrional Sahara. The results showed notable mortality rates that varied from 28.89%
t0100% and varied considerably depending on the applied dose and the duration of exposure. The lethal effect of this oil was
comparable to that of the insecticide Decis® SOEC. The estimation of the lethal doses 50 and 90 allowed us to verify the toxicity of
this oil which were of the order of 0.002 mL and 0.030 mL respectively after 18 hours of observation.
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INTRODUCTION

In several African and Asian countries, food
security is one of the issues and a challenge for any
reliable and sustainable development policy [10]. The
definition of a strategy that ensures food sovereignty is
both an issue and a necessity. In these countries,
particularly subject to climatic constraints including
drought, biological disasters (invasion of insect pests)
and political disturbances and conflicts, food security
represents a major concern of populations and
scientific communities [10, 11].

To cope with the demographic growth recorded in
these countries, it is necessary to put in place a strategy
that aims to increase agricultural production. The
agricultural sector provides most of the human food is
often subjected to different environmental constraints
and also to pests which can have serious consequences
on the quality and quantity of crops [10, 38].

Population growth and market economy are
pushing the authorities to step up their efforts to
increase the area cultivated and to diversify production
systems to produce quality food [11, 12].

Both in fields and stores, agricultural products are
under severe attack by pests and pathogenic agents.
According to the Food and Agriculture Organization of
the United Nations [8], losses due to insect pests
correspond to 35% of world agricultural production.
Facing this critical situation, the usage of chemical
insecticides is the most used technique to control these
pests [5].

The losses caused by these different pests are
estimated at 300 million US dollars per year [32],
which justifies the implementation of several means of
control among which chemical control remains the
oldest and the most effective. However, the problems
of environmental pollution, the negative interference of
pesticides on human health and the pressure exerted by
the consumer for healthy organic farming practices
have led to an increase in efforts to develop alternative
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control methods with better harmony with the
environment [37].

For some African localities, the high cost of
synthetic =~ chemical insecticides makes them
inaccessible to farmers. Therefore, the enhancement of
the insecticidal potential of many plants including
Neem (Azadirachta indica Juss. (Meliaceae)), Castor
(Ricinus communis L. (Euphorbiaceae)) and Hyptis
suaveolens L. Poit. (Lamiaceae) are of capital interest
[31].

Herbal preparations have been used successfully in
the managing crop pests and are categorized as
spectrum insect repellents and an obvious alternative to
chemical pesticides [18, 22, 31].

In Algeria, few studies have been carried out on the
insecticidal activities of plants even though several
plants have been recognized to have insecticidal
properties. Kemassi (2014) and Kemassi et al. (2015;
2019) [18, 22, 23], showed the insecticidal possibilities
of some endogenous plants from the Algerian Sahara.

This study relates to evaluate of insecticidal effects
of seed oil of Coloquint Citrullus colocynthis Schrad.
(Cucurbitaceae) against the imagos of Tribolium
castaneum L. (Coleoptera: Tenebrionidae).

MATERIALS AND METHODS

Insect test. Tribolium  castaneum  Herbst.
(Coleoptera: Tenebrionidae), is a pest of stored
foodstuff that is best known in tropical and subtropical
regions. This insect is considered as a severe secondary
pest which causes major damages to beaten stocked
millet throughout the entire Sahel region [14, 33].

The pest is maintained under semi-controlled
conditions at the Pedagogical Laboratory/ University of
Ghardaia (Algeria). The adults of Tribolium castaneum
maintained in mass breeding came from a stock of
contaminated semolina. The breeding was kept in
plastic boxes (L=50cm, W=35c¢cm and H=20cm) under
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semi-controlled conditions (temperature 32 + 2°C,
humidity 60 + 4% and illumination 8h/16h).

Plant material. The plant specimen was Citrullus
colocynthis seeds which is a perennial plant of the
Cucurbitaceae family. It is a native plant of tropical
Asia and Africa and is now widely distributed in the
Saharo-Arab regions of Africa and in the
Mediterranean region [13]. It is thus cultivated in
tropical countries as a medicinal plant for the pulp of
its fruits [35]. The Coloquint grows in sandy-clay soils
of the Saharan regions [6, 7]. The fruits of the
Coloquint are often used as deadly poison [39].

In high doses, this plant is highly toxic to animals
and humans. In case of intoxication, syndromes of
metabolic disorders are observed; gastrointestinal pain
followed by diarrhea, vomiting, urinary retention,
fatigue, hypothermia, disorder of cardiac functions and
cerebral congestion producing a fatal collapse [8].

The seeds used for the experiments were collected
in the region of Oum Larneb (32°14'39.1"N and
3°47'50.3"E) located in the municipality of Metlili in
the district of Ghardaia (Algerian northern Sahara).

Citrullus colocynthis seed oil preparation. The
seeds of Citrullus colocynthis were collected from ripe
fruits which rinsed well and then dried in the oven that
was set at 50°C for 24 h. Once dried, the seeds were
crushed using a laboratory mixer with double tank to
heat and cool this type of Mill. This mill has a capacity
of 50 mL and an inlet of up to 7 mm.

For the extraction of oil from the seeds powder of
the Coliquant, a 2.5 L capacity soxhlet was used. A
quantity of 250 mL of hexane was used in the flask. In
the cellulose cartridge, 70 g of seeds powder was
deposited and the heating was ensured by a balloon
heater set at a temperature of 50 °C.

The extraction procedure took around 6 h. The oil
separated from the solvent was carried out in a Hei-
VAP Heidolph type rotary evaporator fitted with a
water bath overheating protection system that was set
at a temperature of 50 °C and a rotation speed of 100
rotations/min.

Physico-chemical characterization of Citrillus
colocynthis seed oil. Various indexes characterizing
the obtained vegetable oil such as density, refractive
index, hydrogen potential (pH), acidity index,
saponification index, peroxide index and the
esterfication index were studied for Citrullus
colocynthis seed oil.

Biological tests. The mode of application adopted
for this study is the application by direct contact. It
consisted of direct spraying of seed oil on 15 adults of
Tribolium castaneum placed in a Petri dish lined with a
filter paper. Each Petri dish receives 0.93 mL of the
tested product at different doses. For each chosen dose,
three repetitions were performed. To find the lethal
doses 50 and 90, six concentrations of Citrullus
colcoynthis seed oil were chosen, designated 50%,
40%, 30%, 20%, 10% and 5%. The applied doses were
prepared by mixing the seed oil of C. colcoynthis with
a mixture of DMSO and distilled water (v/v). After 4 h
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of the treatment application, 5 g of semolina per Petrie
dish was deposited. For this study, an insecticide of the
synthetic Pyritrinoides group (Decis"EC50) was used
as a positive control.

The Kinetic monitoring of the mortality was carried
out in regular periods of time for 18 consecutive hours
(2, 4, 6, 8, 12, 218 h). The insects of the different
treated and control groups were maintained under the
same conditions as those described for the breeding of
insects.

Mortality rate. Mortality is the first criterion for
judging the effectiveness of chemical or biological
treatment. The percentage of mortality observed in
control and treated adults is estimated by applying the
following formula:

Observed mortality = [Number of deaths/Total number
of individuals] x 100 [30].

The lethal dose (LD). The letters LD denote the
“Lethal Dose”, the LDs, is the quantity of a material
administered in a single dose, which causes the death
of 50% (half) of a treated group. The LDs, is a way of
measuring the short-term toxic potential (acute
toxicity) of a material. It is calculated from the
regression line of the probits corresponding to the
percentage of mortality corrected as a function of the
logarithms of the applied concentrations. The formula
of Schneider and the table of probits are used.

Schneider formula:

MC = [(M2-M1)/(100-M1)] x 100
where:
- MC: rate of corrected mortality;
- M2: rate of mortality in the treated population;
- M1: rateofmortality in the control population [18, 19,
25, 27].

Statistical analysis. The obtained results from the
various experimental tests were interpreted statistically
using the software "XLSTAT Version 2012". A
multiple comparison analysis of variance of means
which involved comparing the average of one group
with the average of another. Fisher's Least Significant
Difference (LSD) test was also performed. The
ANOVA analysis of variance aims to compare the
means of the results after the normality test. This
statistical test monitors the level of significance and
determine the influence of the studied factors or
interferences between factors.

RESULTS

Extraction yield of Citrullus colocynthis seed oil.
Despite its toxicity, in Saharan medicine, different
parts of Coloquinte are used by local population. The
extraction yield corresponds to the percentage of the
weight of the extracted pure oil relative to the weight
of the raw plant material used for the extraction. The
mature seeds of Citrullus colocynthis contained about
19.93 % of oil. This yield value shows that the seeds of
this Saharan plant have relatively medium oil content.

Physico-chemical analysis of Citrullus
colocynthis seed oil. Coloquint seed oil are pale yellow
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in color and viscous in appearance. The physico-
chemical properties of Coloquint seed oil are listed in
table 1.

Table 1. Physico-chemical properties of Coloquint seed oil

Coloquint seed oil properties

Color Pale yellow
pH 5.0

Density at 20 °C 0.386
Refractive index (I.R) 1.474
Saponification index (mg KOH / g) 171.105
Acidity index 8.415
Peroxyde index (meqOy/kg) 0.4

Ester index (mg KOH/g) 162.69

Given the results of Table 1, the characteristics of
edible oils are similar to those reported for coloquint
seed oil, but it is rather essential to complete the study
by their toxicity test. Coloquint seed oil had a density
of 0.39 at 20 °C. For the refractive index measured, it
was 1.474 at 20 °C. This oil had an acid pH with a pH
value of 5.0. The saponification index was of 171.105
which shows that this oil is of good industrial quality.
The value of the peroxide index of this oil was 0.4 meq
0, / kg. The ester index is the difference between the
saponification index and that of acid, we conclude that
as much the saponification index is high and less the
acid index is thus, that of ester is important. According
to the obtained results, it was noted that the oil of the
seeds of Citrullus colocynthis had a low value of the
esterification index compared to other oils. This is
logical because the obtained acid and saponification
indexes from our oil were lower, which confirms the
good industrial quality of the studied oil. The ester
index of coloquint seed oil was 162.69 mg KOH/g.

Effect of Citrullus colocynthis oil on the
mortality of 7ribolium castaneum. The direct
spraying of Coloquint seed oil on the imagos of
Tribolium castaneum, caused different signs of
intoxication. Exposure to this oil in doses ranging from
0.05 to 1 mL/mL caused the death of the treated
individuals; the mortality rate increased by the increase
of the applied dose. Analysis of the obtained results
showed a non-significant difference between the values
of the observed mortality rates in the group of treated
insects with Coloqunit seed oil and the individuals in
the positive control group and a significant difference
between the results was reported for individuals in the
negative control group and individuals in the treated
group with the oil of this Saharan plant at different
concentrations (Fig. 1).

Coloquint seed oil applied at high concentrations
cause appreciable mortality rates, close to those noted
in the groups treated with the insecticide Decis” 50 EC.
Their effectiveness against the imagos of Tribolium
castaneum was particularly noted after 12 hours of
exposure showing a comparable effect to that noted for
the insecticide Decis® 50 EC, even at the low
concentration of 0.25 mL/mL, where the oil seems
effective. The exposure of the Tribolium castaneum for
18 hours to Coloquint seed oil at the Ilow
concentrations of 0.05 mL/mL and 0.11 mL/mL,
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generated 80% and 100% of mortality, respectively.
For the negative control, no mortality was recorded for
the duration of the biological tests. As it is useful to
point out that the used insecticide (Decis® 50 EC) as
positive control is one of the most toxic formulations
that is characterized by its shocking effects and the
rapidity of its action with mortality occurs after only 2
hours of exposure. The comparison of the insecticidal
power of Coloquint seed oil with an approved and
effective isecticide against insects of different groups
allowed us to judge the insecticidal potential of this oil
against the imagos of Tribolium castaneum. After 2
hours of exposure to Citrullus colocynthis seed oil,
mortality percentages of 82.22%, 80% and 77.78%
were noted for those treated with concentrations of 1
mL/mL; 0.67 mL/mL and 0.43 mL/mL respectively.
Although at low concentrations of 0.25 mL/mL, 0.11
mL/mL and 0.05 mL/mL, the reported mortality rates
are around 68.89%, 77.78% and 28.89% respectively.
These values of mortality rates increased according to
the duration of exposure (4 h, 6 h and 12 h), and they
reached 100% mortality even for low concentrations
after 18 hours of exposure, except for the concentration
of 0.05 mL/mL where an 80% mortality rate was
observed.

Biocidal efficacy of Citrullus colocynthis seed oil
on Tribolium castaneum. The efficiency concentration
50% (ECsp) is estimated by drawing the probit
regression line corresponding to the percentages of the
corrected mortalities as a function of the logarithms of
the concentrations (mg) in the applied extracts. The
toxicological parameter calculations are reported in
(table 2).

The graphical representations of the linear
regression curves of the effects of the applied
Coloquint seed oil doses on the mortality of the
Tribolium castaneum imagos (Fig. 2 A-E), allowed the
estimation of the lethal doses 50 and 90 (LDs, and
DLyg) of this oil extract. The results grouped in Table 2
showed low lethal dose values, which is explained by
the high contact toxicity of this oil extract with the
imagos of Tribolium castaneum. The lethal doses 50
reported for the different exposure durations of 2 h, 4
h, 6 h, 12 h and 18 hours were of the order of 0.10
mL/mL, 0.048 mL/mL, 0.010 mL/mL, 0.009 mL/mL
and 0.002 mL/mL, respectively and for the estimated
lethal doses 90 (LDyy) were 1.64 mL/mL, 1.28 mL/mL,
1.02 mL/mL, 020 mL/mL and 0.030 mL/mL,
respectively.

DISCUSSION

Extraction yield of Citrullus colocynthis seed oil.
The wvalues of the extraction yield of Citrullus
colocynthis seed oils are generally average. This is
close to that noted for Pergularia tomentosa L.
(Asclepiadaceae) harvested in the northern Algerian
Sahara which content in seed oil of 22.37% [2]. Yanif
et al. (1999) noted that the Coloquint oil yield of the
seeds collected in the Negev desert and the Arava
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valley (border of Jordan and in the Sinai desert
(Egypt), were between 17% and 19% [39]. These
variations are maybe due to the changes in the
environmental conditions which influence the degree
of ripeness of the fruits. Also, Salvador et al. (2001),

reported that the content of a dense oil in fruit varies
considerably depending on the period of maturity; it is
high at the beginning of the ripening stage and it drops
slightly when the fruit exceeds maturity [34].
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Figure 1. Variation in mortality rates of Tribolium castaneum in control and treated groups with Citrullus colocynthis seed oil.
(C50=[1 mL/mL]; C40=[0.67mL/mL]; C30=[0.43 mL/mL]; C20=[0.25mL/mL]; C10=[0.11 mL/mL]; C5=[0.05 mL/mL]; T+= Decis®EC50; T-= Water +DMSO (V/v).

Table 2. Estimated lethal doses for Citrullus colocynthis seed oils based on exposure time (h: time hour)

Exposure time Regression equation Regression Lethal doses (LD) [mL/mL]
(hours) coefficients LD50 LD90
2h y=1.0527x + 6.0556 R?=0.8675 0.100 1.64
4h y=0.8985x + 6.1862 R?=0.8651 0.048 1.28
6h y=0.6535x + 6.2765 R’=0.8420 0.010 1.02
12h y=10.9478x + 6.9351 R’=0.9412 0.009 0.20
18 h y=1.0823x + 7.9282 R’=0.5244 0.002 0.030

174



Analele Universitatii din Oradea, Fascicula Biologie Original Paper Tom. XXVII, Issue: 2, 2020, pp. 171-178
' =0.8985x + 6.1862 Ly
y = 1.0527x + 6.0556 7 y= Rie 0.\865i -
Rz =0.8675 B &
. 5
41 =
g &~
& 2
1 |
T T T T T T T 0 r T T o
-1.400 -1.200 -1.000 -0.800 -0.600 -0.400 -0.200 0.000 -1.500 -1.000 -0.500 0.000
Log [mL/mL] Log [mL/mL]

A. Effect of the concentration of Citrullus colocynthis seed oil on the mortality of

T. castaneum imagos after 2 h of exposure

y=0.6535x+6.2765 7 1
R2=0.842
/ﬁ"—
5
4 Rt
=
34%
2 Ay
1
-1.500 -1.000 -0.500 0.000
Log [mL/mL]

C. Effect of the concentration of Citrullus colocynthis seed oil on the mortality of

T. castaneum imagos after 6 h of exposure

y=1.0823x+7.9282
R:=05244 @ * *

*

-1.500 -1.000

B. Effect of the concentration of Citrullus colocynthis seed oil on the
mortality of 7. castaneum imagos after 4 h of exposure

vy=0.9478x+6.9351
R2=0.9412

Probit

=@ M N W R S

-0.500

Log [mL/mL]
D. Effect of the concentration of Citrullus colocynthis seed oil on the
mortality of 7" castaneum imagos after 12 h of exposure

-1.500 -1.000 .000

7
6
5
41 =
=
34 2
-9
2
1
: o
-0.500 0.000

Log [mL/mL]

E. Effect of the concentration of Citrullus colocynthis seed oil on the mortality of 7. castaneum imagos after 18 h of exposure

Figure 2. Effect of the variation in the concentration of Citrullus colocynthis seed oil and the duration of exposure on the mortality of Tribolium

castaneum imagos

Physico-chemical analysis of Citrullus
colocynthis seed oil. The values obtained in the study
of the physico-chemical properties of Colocynth seed
oils are comparable to those of oil seeds cited in other
studies. The refractive index is considered as a
criterion of the purity of oil; it varies depending on the
wavelength of the incident light as well as the
temperature at which the analysis is carried out. This
index is proportional to the molecular weight of the
fatty acids as well as to their degree of unsaturation.
The refractive index of Colocynth seed oil is within the
range established by Codex Alimentarius [9]. These
values were similar to the results of vegetable oils that
are rich in linolenic acids, where R = 1.468 to 1.490
[29]. The obtained acidity index values were similar to
those cited in the literature; we recorded a value of
8.415 compared to 8.02 noted by Akpambang et al.
(2008) for Citrullus colocynthis seed oil which were
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purchased from the local market in Akure, Ondo State
(Nigeria) [4]. Hassimi et al. (2007) [17] reported an
acid index of around 4.06 for seed oil of Citrullus
colocynthis obtained from the Sahara of Niger. The oil
of Coloquint seeds harvested in Sudan had a
saponification index of the order of 206 [28]. Giwa et
al. (2010) [15] had declared a saponification index near
the latter of the order of 204.44 mg KOH/g.

It has been shown that fresh oil has a peroxide
index of fewer than 10 meq Oy/kg and they become
rancid when the peroxide index is found in the range of
20 to 40 meq Oy/kg [29]. The peroxide index of this oil
was approximately similar to the results obtained by
Akpambang (2008) [4]. with a peroxidation index of
1.72 meq O,/kg for Coloquint oil from Ondo State
(Nigeria). It has been shown that fresh oil has a
peroxide index of fewer than 10 meq O,/kg and they
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become rancid when the peroxide index is found in the
range of 20 to 40 meq O,/kg [29].

Effect of Citrullus colocynthis oil on the
mortality of Tribolium castaneum. The evaluation of
the percentage of mortality in the Tribolium castaneum
imagos treated with Citrullus colocynthis seed oils
makes it possible to verify the insecticidal effects of
this oil. The use of products of natural origins for the
control of crop pests emanates from the sensitivity of
these pests to extracts or derivatives of certain plants,
where many well-known studies have shown the
insecticidal possibilities of herbal preparations [16, 18-
24]. According to Merabti et al. (2015), the aqueous
extracts of Citrullus colocynthis fruits have larvicidal
effects on L, larvae of Culex pipiens L. and Culisetalon
giareolata L. (Dipetra: Culiciae) [26]. Other studies on
insecticidal activity against Tribolium castaneum like
Ons Majdoub et al. (2014) showed that adults of
Tribolium castaneum were more sensitive to the
essential oil of Ruta chalepensis L. (Rutaceae) which
14% of treated individuals die after 24 hours of
treatment [25]. The insecticidal activity of these oil
was screened against the mentioned pests and have
been proved to be more active on adults of this insect
(LCsp = 176.075 pL/L air and LCyy = 291.9 uL/L air)
than the larvae (LCsy = 415.348 pL/L air and LCyy =
685.907 uL/L air) [25]. Abdul Rahuman et al. (2008)
found an insecticidal activity against larvae of
mosquitoes (dedes aegypti, A. stephensi and Culex
quinquefasciatus) of oleic and linoleic acids extracted
from Citrullus colocynthis [1].

Biocidal efficacy of Citrullus colocynthis seed oil
on Tribolium castaneum. The lethal dose 50% (LDsp)
and 90 (LDy,) are estimated to measure the degree of
insecticidal efficacy of this seed oil. According to the
literature, Citrullus colocynthis seed oil seems to be
toxic to harmful insects. Soufi (2016) [36] reported the
insecticidal effect of the seed oil of this plant on the
white scale of the date palm plants where she noted a
lethal dose 50 of 30.41 pL/cm? and 0.0643 mg/cm® for
the seed oil and the aqueous pulp extract of the same
plant after a 24 hours follow-up period. In Acheuk et
al. (2018) [3] study on the insecticidal activity of the
raw ethanolic extract of Halocnemum strobilaceum
(Chenopodiaceae) against adults of the red flour beetle
Tribolium castaneum they showed a calculated lethal
dose 50 of around 225.4 pg/insect after 24 hour of
exposure. Mostafa et al. (2012) [27] marked probits
analysis for the estimation of LCs, values, the 95%
confidence limits and the regression equation at 24, 48
and 72 hour for the mortality of Tribolium castaneum.
The LCsy values of hexane extracts from Cucumis
sativus, Azadirachta indica, Tamarindus indica and
Psidium guajava after 24 hours of treatment were
20.64 pg/em’, 234.57 pg/em’, 732, 53 pg/em’ and
1944.40 pg/em’, after 48 hour of treatment were 24.43
pg/em?®, 91.80 pg/em?, 178.74 pg/em’® and 1944.40
pg/em® and after 78 hour of treatment were 10.74
pg/em?®, 155.13 pg/em?, 58.36 pg/em’ and 774.22
pg/em’ respectivel [27]. The values of the lethal doses
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50 and 90 reported by Kemassi et al. (2019) [23] are in
the order of 0.0158 mg/mL and 0.0322 mg/mL for
aqueous leaf extract of Euphorbia guyoniana B. & R.
(Euphorbiaceae) respectively, and 0.0186 mg/mL and
0.0394 mg/mL for aqueous root extract of Fuphorbia
guyoniana respectively in his study on the Tribolium
castaneum.

The study of the toxicity of Citrullus colocynthis
Schrad. seed oil, allowed us to highlight the
insecticidal potential even at low concentrations again
the imagos of Tribolium castaneum. Similarly, it
should be noted that the observation of signs of
poisoning in insects exposed to the oil of this plant
after 2, 4 and 6 hours of exposure including movement
disorders implies the neurotoxic effect of this seed oil
this extract. Therefore, this vegetable oil can constitute
a source for a new natural isecticidal product.

Acknowledgments. This work is a part of the thesis work of the
first author. It is part of a university training research project
(PRFU/DGRSDT/MESRS) sponsored by the Directorate General of
Scientific Research and Technological Development Minister of
Higher Education and Scientific Research of Algeria.

REFERENCES

[1] Abdul Rahuman, A., Venkatesan, P., (2008): Larvicidal
efficacy of five Cucurbitaceous plant leaf extracts against
mosquito species. Parasitology research, 103: 133-139.
Abi-Smail, L., (2018): Effet insecticide des huiles de
graines de Citrullus colocynthis Schrad. (Cucrubitaceae)
et Pergularia tomentosa L. (Asclepiadaceae) sur les
pucerons. Mémoire de master, Université de Ghardaia,
Ghardaia-Algérie, 80 p.

Acheuk, F., Lakhdari, W., Dahliz, A., Abdellaoui, K.,

Moukadem, M., Allili, S., (2018): Etude phytochimique

et effet bioinsecticide de l'extrait éthonolique brut de la

plante algérienne Artemisia judaica L. (Asteraceae)
contre le puceron du haricot noir, Aphis fabae scop.

Agriculture et foresterie, 63: 95-104.

[4] Akpambang, V.O.E., Amoo, I.A., Izuagie, A.A., (2008):
Analyse comparative de la composition de deux variétés
de melon (Colocynthis citrullus) et d’une variété
d’amande (Prunus amygdalus). Journal de recherche de
l'agriculture et des sciences biologiques, 4 (6): 639-642.

[5] Alzouma, L., (1990): Les probléemes de la post-récolte en
Afrique Sahélienne Philogéne, B.JR., (éds).: La post-
récolte en Afrique. Actes du Séminaire International de la
post-récolte en Afrique, Abidjan, Cote-d'Ivoire, pp. 22-
27.

[6] Batanouny, K.H., AbouTabl, S., Shabana, M., Soliman,
F., (1999): Wild medicinal plants in Egypt: An inventory
to support conservation and sustainable use. Ed.
Academy of Scientific Research and Technology (Cairo-
Egypt), International Union for Conservation
(Switzerland), 207 p.

[7] Bruneton, J., (1996): Plantes toxiques. Végétaux
dangeureux pour ’homme et les animaux. Ed. Téchnique
et Documentation/ Lavoisier. Paris, France, 529 p.

[8] Charnot, A., (1945): La toxicologiy au Maroc. Mémoire
de la société des Sciences naturelles du Maroc, Rabat;
n°8: 826 p.

[9] FAOUN., OMSUN., (2009): Normes alimentaires
internationales pour les huiles végétales portant un nom
spécifique. Codex alimentarius. Codex stan 210-1999.

[2

—

—
w
—_



Analele Universitatii din Oradea, Fascicula Biologie

Adoptée en 1999. Amendement: 2005, 2011, 2013, 2015.
Révision: 2001, 2003, 2009. Ed. FAOUN et OMSUN.,
Rome, Italie, 12 p.

[10] FAOUN., OMSUN., (2014): Document final de la

Conférence Cadre d’action. Deuxiéme Conférence

internationale sur la nutrition. Rome, Italie, 276 p.
FAOUN., (2019): La situation mondiale de

I’alimentation et de 1’agriculture. Aller plus loin dans la

réduction des pertes et gaspillages de denrées

alimentaires. Ed. FAOUN, Rome, Italie, 179 p.

[12] FIDA., (2019): Rapport sur le développement rural.
Encourager une transformation inclusive du monde rural.
Fonds International de Développement Agricole
(FIDA/FAOUN), Rome, Italie, 44 p.

[13] Feinbrun-Dothan, N., (1978): Flora Palaestina - Partie
III. L'académie israélienne des sciences et des sciences
humaines, Jérusalem, 67 p.

[14] Gahukar, R.T., (1976): Incidence économique des
principaux insectes ravageurs des denrées stockées en
Inde. Bulletin Technique d’Information no. 36. Ed.
Institut National de Recherche Agronomique (INRA),
France, pp. 35-39.

[15] Giwa, S., Abdullah, L.C., Adam, N.M., (2010): Enquéte
sur I'huile de graine «Egusi» (Citrullus colocynthis L.) en
tant que matiére premicre potentielle pour le biodiesel.
Energies, 3: 607-618.

[16] Habbachi, W., Benhissen, S., Ouakid, M.L., (2013):
Effets biologiques d'extraits aqueux de Peganum harmala
L. (Zygophyllaceae) sur la mortalité et le développement

(11]

larvaire de Drosophila melanogaster (Diptera -
Drosophilidae). Algerian journal of arid environment,
3(1): 82-88.

[17] Hassimi, S., Haoua, S., Mousbahou, M.A., Mahamane,
S., Claude, L.L., (2007): Chemical content of the seeds
and physico-chemical characteristic of the seed oils from
Citrullus ~ colocynthis, Coccinia grandis, Cucumis
metuliferus and Cucumis prophetarum of Niger. Bulletin
of the chemical society of Ethiopia, 21(3): 323-330.

[18] Kemassi, A., Boukhari, K., Cherif, R., Ghada, K.,
Bendaken, N., Bouziane, N., Boual, Z., Bouras, N., Ould
Elhadj-Khelil, A., OuldElhadj, M.D., (2015): Evaluation
de leffet larvicide de D’extrait aqueux d’Euphorbia
guyoniana (Boiss. & Reut.) (Euphorbiaceae). Revue El
Wahat pour les Recherches et les Etudes, 8(1): 44-61.

[19] Kemassi, A., Bouziane, N., Boual, Z., Ould El Hadj,
M.D., 2014: Activité biologique des huiles essentielles de
Peganum harmala L. (Zygophyllaceae) et de Cleome
arabica L. (Capparidaceae) sur Schistocerca gregaria
(Forskal, 1775). Phytothérapie, 12(6): 348-353.

[20] Kemassi, A., Boual, Z., Hadjseyd, A., Bouziane, N.,
Herouini, A., Mensouri, K., Bouras, N., Ould El Hadj-
Kelil, A., Ould El Hadj, M.D., (2018): Effets biotoxiques
des extraits de Cleome arabica L. (Capparidaceae) sur le
Criquet péelerin Schistocerca gregaria (forskal, 1775)
(Orthoptera, Acrididae). Algerian journal of arid
environment, 8(2): 79-98.

[21] Kemassi, A., (2008): Toxicité comparée des extraits de
quelques plantes acridifuges du Sahara septentrional Est
algérien sur les larves du cinqui¢me stade et les adultes
de Schistocerca gregaria (Forskal, 1775). Mémoire de
Magister en Agronomie Saharienne, Universite Kasdi
Merbah-Ouargla, 168 p.

[22] Kemassi, A., (2014): Toxicit¢ comparée des extraits
d’Euphorbia  guyoniana  (Stapf.)  (Euphorbiaceae),
Cleome arabica L. (Capparidaceaec) et de Capparis
spinosa L. (Capparidaceae) récoltés de la région de
Ghardaia (Sahara septentrional) sur les larves du

Original Paper

177

Tom. XXVII, Issue: 2, 2020, pp. 171-178

cinquiéme stade et les adultes de Schistocerca gregaria
(Forskal, 1775) (Orthoptera- Cyrtacanthacridinae). Thése
de doctorat en Ecologie Saharienne et Environnement,
Université de Kasdi Merbah-Ouargla, 230 p.

[23] Kemassi, A., Herouini, A., Hadjseyd, A., Cherif, R.,
Ould El Hadj, M.D., (2019): Effet insecticide des extraits
aqueux d’Euphorbia guyoniana (Euphorbiaceae) récoltée
dans Oued Sebseb (Sahara Algerien) sur le Tribolium
castaneum. Lebanese Science Journal, 20(1): 55-70.

[24] Lebouz, I., (2010): Activité biologique des extraits
foliaires de Cleome arabica L. (Capparidaceae) chez
Schistocerca gregaria (Forskal, 1775) (Orthoptera:
Acrididae). Mémoire de Magister en Ecologie Saharienne
et Environnement, Universite de Mohamed Kheider-
Biskra, 165 p.

[25] Majdoub, O., Dhen, N., Souguir, S., Haouas, D.,
Baouandi, M., Laarif, A., Chaieb, 1., (2014): Chemical
composition of Ruta chalepensis essential oils and their
insecticidal activity against Tribolium castaneum.
Tunisian Journal of Plant Protection, 9: 83-90.

[26] Merabti, B., Lebouz, 1., Adamou, A., Ouakid, M.L.,
(2015): Effet toxique de ’extrait aqueux des fruits de
Citrullus colocynthis (L.) Schrad sur les larves des
Culicidae. Revue des BioRessources, 5(2): 120-130.

[27] Mostafa, M., Hossain, H., Anwar Hossain, M., Kanti
Biswas, P., Zahurul Haque, M., (2012): Activité
insecticide des extraits de plantes contre Tribolium
castaneum Herbst. Journal de la Recherche Scientifique
avancée, 3(3): 80-84.

[28] Obeid, M., (1996): Propriétés physico-chimiques et

utilisations industrielles de l'huile de graine de Citrullus

colocynthis. Thése, Institut national de recherche sur le
traitement des graines oléagineuses, Université de Gezira,

Soudan, 378 p.

Onyeike, E.N., Acheru, G.N., (2002): Chemical
composition of selected Nigerian oil seeds and
physicochemical properties of the oil extracts. Food
Chemestry, 77: 431-437.

[30] Ould El Hadj, M.D., Tankari Dan-Badjo, A., Halouane,
F., Doumandji, S., (2006): Toxicité comparée des extraits
de trois plantes acridifuges sur les larves du cinquiéme
stade et sur les adultes de Schistocerca gregaria (Forskal,
1775) (Orthoptera: Cyrtacanthacridinae). Sécheresse,
17(3): 407-414.

[31] Philogene, B.J.R., (1991): L’utilisation des produits
naturels dans la lutte contre les insectes: Problémes et
perspectives. La lutte antiacridienne. Ed. AUPEL-UREF,
Paris, pp. 269-278.

[32] PAN, (2006): Utilisation et gestion des pesticides dans
la lutte antiacridienne de 2004-2005 au Sénégal. Rapport
n°10, Pesticide Action Network (PAN Africa), Sénégal,
62 p.

[33] Roorda, F.A., (1982): Observations en laboratoire sur le

[29]

développement du  Tribolium castaneum Herbst.
(Coleoptera: Tenebrionidae) sur mil a différentes
températures et humidités relatives. Zeitschriftfiir

Angewandte Entomologie, 93: 446-452.

[34] Salvador, M.D., Aranda, F., Fregapane, G., (2001):
Influence of fruit ripening on ‘Cornicabra’ virgin olive
oil quality A study of four successive crop seasons. Food
chemistry, 73(1): 45-53.

[35] Louhaichi, M., Tastad, A. (2010): The Syrian steppe:
past trends, current status, and future priorities.
Rangelands, 32(2): 2-7.

[36] Soufi, H., (2016): Evaluation du pouvoir coccide des
extraits Citrullus colocynthis Shard.(Cucurbitaceae).



Herouini, A, Kemassi, A., Taibaoui, Z., Aitoudia, A., Cherif, R., Ould El Hadj, M.D. - Study of some physico-chemical properties and insecticidal activity of seed oil of
Citrullus colocynthis Schrad. (Cucurbitaceae) on Tribolium castaneum Herbst (Coleoptera: Tenebrionidae)

Mémoire de master, Universit¢é de Ghardaia, Ghardaia- ralentissements et les fléchissements économiques. Ed.
Algérie, 77 p. FAOUN, Rome, 253 p.

[37] Thiam, A., (1991): Problématique de I’utilisation des [39] Yanif, Z., Shabelsky, E., Schafferman, D., (1999):
insecticides chimiques dans la lutte anti-acridienne au Colocynth: Graines oléagineuses arides potentielles d'un
Sahel. La lutte antiacridienne. Ed. AUPEL-UREF, John ancien Cucurbitacées. Perspectives on new crops and
LibbeyEurotext, Paris, pp. 193-206. new uses. Ed. American Society for Horticultural Science

[38] FAOUN, (2019): L’¢état de la sécurité alimentaire et de (ASHS) press, Alexandria, VA, USA, pp. 257-261.

la nutrition dans le monde. Se prémunir contre les

Received: April 26, 2020

Accepted: October 20, 2020

Published online: October 22, 2020

Analele Universitatii din Oradea, Fascicula Biologie
http://www.bioresearch.ro/revistaen.html
Print-ISSN: 1224-5119

e-ISSN: 1844-7589

CD-ISSN: 1842-6433

University of Oradea Publishing House

178



