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ABSTRACT

The entomotoxic effect of five varieties of Bambara groundnut (McFoSc, BIRSc, BIRAcV, MnRSc,
and BnRaSc) and one variety of common bean flours (GGR) is evaluated on old larvae and adults
of Tribolium castaneum (Coleoptera, Tenebrionidae) under laboratory conditions with ambient
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temperatures ranging from 32°C to 36°C. This study aims to mitigate the damage caused by
Tribolium castaneum to stored grains and legumes. The flour from each variety was obtained by
grinding and sieving. A total of 150g of each flour sample was infested with either 20 old
larvae or 20 newly emerged Tribolium castaneum. The variables observed included mortality rates
of old larvae and adults, the number of F1 progeny, and the number of larvae, nymphs, and
adults in the first generation. The flour of red millet (MR) which is a cereal was considered as
control. After introducing the adults into the flours of different varieties, no mortality was
observed for the ML, MCFOSC, MNRSC, BNRASC, and GGR varieties within 24 hours. The
mortality rates were 1.25 + 0.96 and 5 £ 0.72 for the BIRSC and BIRACYV varieties, respectively.
After four weeks of treatment, the cumulative mortality rates for the larvae were 93.75% for the
GGR variety, 66.25% for the BIRACV variety, 56.25% for the MCFOSC variety, 55% for the
BIRSC variety, 37.5% for the MNRSC variety, 31.25% for the BNRASC variety, and only 5% for the
control (MR). The flours of these leguminous crops have a negative impact on the
development of Tribolium castaneum by prolonging the duration of larval development. It suggests
that these different leguminous seed varieties can be effective in controlling insects during
storage.

Keywords: Entomtoxic effect; Vigna subterranean; Phaseolus vulgaris; Tribolium castaneum.

1. INTRODUCTION losses is a crucial factor in achieving global food
security [17]. The importance of pulses in the
The world population is expected to reach 10.5 global economy is well established. Worldwide,
bilion by 2050 [1,2], representing a 33% Ppulses are among the most cultivated food crops
increase in world population. Almost all of this by humans [18]. Pulses are an important source
demographic explosion should concern sub- of plant protein and are considered as a
Saharan Africa, which would mark the most substitute for animal protein. These vegetable
significant progress (+ 114%) [3,4]. According to  proteins are derived from legumes and cereals.
Alexandratos and Bruinsma [5], food production ~ The proportion in protein varies from 8% to 17%
should increase by 60% in order to attempt food for cereals and between 20% and 25% for
demand in 2050. In the Sahel, populations legumes. For legumes, for example such as soy
mainly eat cereals and legumes [6,7]. bean, the rate can reach up to 40% and 50%
Nevertheless this satisfactory agricultural  [19,20]. In addition to their nutritional value,
production, in some regions, particularly in the legumes also contain other very important
Northern Region Cameroon, suffer from chronic  biochemical compounds called phytochemicals,
food deficits [8-10]. Post-harvest losses are one  which help protect plants against insects during
of the major causes of that food insecurity [7]. On  cultivation [21].
a global scale, post-harvest losses, all crops
combined, are estimated at around 10% [11,12].  Several methods are employed to control insect
A joint report by the World Bank, the United pests during storage, including the use of
Kingdom Natural Resources Institute and the synthetic chemical pesticides. Despite their
Food and Agriculture Organization of the United  beneficial effects in crop protection, these
Nations (FAO) indicates that the value of post- synthetic chemical pesticides have adverse
harvest losses of cereals in sub-Saharan Africa, effects on human and environmental health [22-
could reach almost 4 billion dollars per year, out  25]. In addition to their intrinsic toxicity, most of
of an estimated 27 billion of annual cereal these pesticides are persistent, meaning they
production [13]. resist chemical, photochemical, and biological
degradation. As a result, they accumulate in the
In developing countries, like Cameroon, the environment and in humans through the food
greatest losses are observed during storage [1]. chain, giving rise to various pathologies and
A significant part of these losses is attributable to ~ often severe physiological disorders [26-28].
insect pests, which are estimated to cause Furthermore, these synthetic chemical pesticides
damage ranging from 25% to 40% of stored have contributed to the emergence of resistance
stocks after 6 months [11]. In the Northern in certain pests [29,30]. As a result, alternative
Cameroon, Tribolium castaneum and Sitophilus methods that are both less expensive and
oryzae are recognized as major pests of cereals effective are being explored to mitigate the
during storage [14-16]. Reducing post-harvest detrimental effects of these chemical insecticide
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products. One such approach involves utilizing
natural products derived from plants or using the
plants themselves. Research has shown the
effectiveness of plant-derived products in
controlling storage pests. For example, certain
local plants, minerals, and oils have
demonstrated efficacy in fighting against insects
during storage [31,32]. Karbache [33], in their
study on the entomotoxic effect of certain bean
varieties (Phaseolus vulgaris) on the chickpea
weevil Callosobruchus maculatus (F)
(Coleoptera, Bruchidae), found that beans
possess general defensive compounds, such as
lectins, which enable them to develop a certain
resistance against Callosobruchus maculatus.
Similarly, Guidaidi and Koumey [34]
demonstrated that flours from three varieties of
Phaseolus vulgaris (white, black, and red
varieties) possess  significant  insecticidal
properties against Tribolium castaneum.

Information regarding Tribolium castaneum,
which attacks leguminous flours, is limited.
Leguminous crops can have varying nutrient
content, which could affect the entomotoxic effect
on individuals of Tribolium castaneum [35,36].
Previous studies have investigated the
entomotoxic effect of certain varieties of red
beans (Phaseolus vulgaris) on the larvae and
adults of Tribolium castaneum Herbst [37]. These
studies have shown that the powder derived from
the common red bean Phaseolus vulgaris
exhibited higher toxicity towards adults of
Tribolium castaneum compared to other tested
varieties of the same species [37]. Our approach
aims to evaluate the entomotoxic effect of flour
from five varieties of Bambara groundnut and
one variety of common red bean (Phaseolus
vulgaris) on the mortality of mature larvae and
adults of Tribolium castaneum, as well as larval
development and reproduction. Additionally, we
will assess the impact of the different leguminous
flours used on the number of individuals
emerging from the first generation of Tribolium
castaneum. Furthermore, we will evaluate the
entomotoxic effect of the different powders on
the larvae, nymphs, and adults of Tribolium
castaneum obtained from the first generation.

2. MATERIALS AND METHODS
2.1 Plant Material
The plant material consists of five varieties of

Bambara groundnut (Vigna subterranea) and one
variety of red common bean. (Tablel): the
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characteristic of the legume seeds used are
shown on Table 1.

2.2 Animal Material

The animal material consists of old larvae
measuring 4 to 6mm in length and adults of
Tribolium castaneum obtained through mass
rearing in the laboratory at room temperature.

2.3 Methods

2.3.1 Mass rearing of larvae and adults of
Tribolium castaneum

The Tribolium castaneum were reared on red
millet flour, which provides a favorable
environment for the extensive growth of
larvae and adults [38]. The larvae and adults
obtained from this rearing were used for the
experiment.

2.3.2 Obtention of flour from the seeds of the
different varieties of leguminous and
millet

To obtain the different flours, the seeds of the
various Bambara groundnut, common bean, and
red millet varieties were washed, dried, and then
ground using a culinary Mixer. The powder
obtained was sieved using a 0.5 mm mesh
sieve.

2.3.3 Experimental test

150 g of each flour was introduced into a 500 mL
glass jar, covered with muslin cloth, and secured
in place with a circular rubber band. Each sample
was replicated four times for all the experimental
tests conducted.

2.3.3.1 Entomotoxic effect of different flours
(Vignha subterranea and Phaseolus
vulgaris) on the mortality of olds larvae of
Tribolium castaneum

Twenty olds larvae measuring between 4 mm to
6 mm in size were added to each jar containing
150 g of each flour. The jars were sealed with
muslin cloth and secured with elastic bands to
prevent the escape of larvae and external
contamination. Deceased larvae were counted
after 48 hours, one week, two weeks, three
weeks, and four weeks of infestation. Each
treatment was replicated four times. The control
consisted of millet flour and larvae.
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Table 1. Characteristics of the seeds of the different varieties

«»  Varieties lllustration Color of Seed Number Aspect of Collection
g tegument shape of seeds/ the hilum place
S 50g
(@]
(&)
-
McFoSc Light brown oval 54+ 2 without Méri
outline
BIRSc Milky white  round 58+ 3 without Meskine
5 outline
s
3 BIRAcV Milky white  round 6214 purple outline  Meskine
5 in the shape
© of a butterfly
3 MnRSc Brown round 52+3 without Mora
£ spotted with outline
m black
BnRaSc Brown round 51+ 2 without Mora
spotted with and outline
black flattened
- GGR Uniform oval 129+ 6 without Abatoir
3 Reds outline Market
o0

2.3.3.2 Entomotoxic effect of different flours
(Vigna subterranea and Phaseolus
vulgaris) on the adults’ mortality of
Tribolium castaneum

Twenty newly emerged adults  were
introduced into jars containing different flours
made from leguminous seeds. The
number of deceased adults was recorded
every 24 hours for seven days, and then after
two weeks of infestation. Each treatment
was replicated four times. The control
consisted of the millet flour and old larvae
only.

2.3.3.3Entomotoxic Susceptibility of larvae and
adults of Tribolium castaneum towards
the flours used

Twenty olds larvae or newly emerged adults of
Tribolium castaneum were introduced into
jars containing different flours made from
leguminous seeds. The number of deceased
adults or olds larvae was recorded after 48
hours, as well as after one and two weeks. Each
treatment was replicated four times. The
control consisted of the red millet flour and
larvae.
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2.3.3.4 Entomotoxic effect of different powders
(Vigna subterranea and Phaseolus
vulgaris) on the emergence of first

generation of Tribolium castaneum

Twenty newly emerged adults were introduced
into jars containing different flours made from
leguminous seeds. After 15 days, all the
introduced adults were removed. 45 days after
infestation with the different treatments, the
number of Tribolium castaneum individuals that
emerged in each sample was counted and
classified as larvae, nymphs, and adults.
Throughout the experiment, the flour used as
control consisted of red millet flour, and each
treatment performed was replicated four times.

2.3.4 Statistical analysis of data

The data obtained were subjected to the analysis
of variances with a single classification criterion
(ANOVA 1) using the STAT graphic software and
is supplemented by the Kruskal Wallis test in
order to determine if there are significant
differences between the different powders.
Calculations of means, standard deviations and
graphical representations between parameters
were performed using Microsoft Excel 2007
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software. The mortalites were recorded as
percentages, calculated by dividing the number
of deceased larvae or adults of Tribolium
castaneum by the total of 20 introduced
individuals, and then multiplying the result by
100.

3. RESULTS

3.1 Evaluation of the Entomotoxic Effect
of Different Flours on the Mortality of
Old Larvae of Tribolium castaneum

Fig. 1 depicts the entomotoxic effect of the five
varieties of Bambara groundnut and one variety
of common bean on the survival and larval
development of Tribolium castaneum over time.

The analysis reveals that the cumulative mortality
rates of larvae vary according to the different
varieties and according to time. These rates
increase according to the variety and the number
of exposure days. The minimum mortality rates
are obtained from the first week, i.e. 36.25 *
12.35 for the GGR variety of common bean, 25 *
7.24 for the BIRSC variety, 20 + 9.07 for the
MCFOSC variety, 26, 25 + 7.79 for the BIRACV
variety, 13.75 + 2.77 for the MNRSC variety, 12.5
+ 2.77 for the BNRASC variety and 0 + 0.62 for
the MR variety. The maximum cumulative
mortality rates are observed at the fourth week,
i.e. 93.75+ 2.13 for the GGR variety of common
bean, 55 *+ 4.16 for the BIRSC variety, 56.25 +
1.3 for the MCFOSC variety, 66.25 + 5.86 for the
BIRACV variety, 37.5 + 9.4 for the MNRSC
variety, 31.25 + 5.03 for the BNRASC variety and
only 5 £ 0 for the control (MR). There is a
significant difference for the different powders
towards old larvae at the 5% level (P < 0.05)
over a four-week period.

3.2 Evaluation of the Entomotoxic Effect
of Different Powders on the Mortality
of Tribolium castaneum‘s Adults

The entomotoxic effect of five varieties of
Voandzou and one variety of common bean on
the reproduction of adult Tribolium castaneum
over time is illustrated in Fig. 2.

The mortality of Tribolium castaneum adults does
not exceed 20%. However, with the MR flour
variety, the percentage of mortality is almost
zero. With the GGR variety (common red bean),
the percentage of mortality increases with the
time of introduction. By the fifteenth day, the
mortality rate reaches 100%. The adult
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cumulative mortality rates vary over time and
according to the nature of the flours used. After
24 hours of introducing the adults into the flours
of the different varieties, no mortality is observed
with the MR, MCFOSC, MNRSC, BNRASC, and
GGR varieties. The mortality rates for the BIRSC
and BIRACV varieties are 1.25 + 1.96 and 5 +
0.72, respectively. After 48 hours, mortality is
recorded for the first individuals with the
MCFOSC, MNRSC, and BNRASC varieties, with
rates of 3.73 + 0.62, 1.25 + 0, and 1.25 * 5.10,
respectively. From the fourth to the seventh day,
a slight increase in individual mortality was
recorded for the BIRSC, MCFOSC, BIRACV,
MNRSC, BNRASC of Bambara groundnut
varieties. The maximum mortality rates of
individuals for the different varieties of Bambara
groundnut are observed on the fifteenth day, i.e.
6.25 + 1.67 for BIRSC; 6.25 + 1.67 for MCFOSC,;
11.25 + 157 for BIRACV; 6.25 + 2.13 for
MNRSC and 17.5 = 6.25 for BNRASC. For the
GGR variety, the death of the first individuals is
only observed after 72 hours of exposure. From
the fifth day, there is a rapid increase in mortality
of individuals for the GGR variety, reaching 18.75
+ 8.72 to 95 + 5.33 on the fifteenth day. There is
a significant difference for the various flours of
Bambara groundnut and common red bean
towards to adults at the level of 5% (P < 0.05)
during the two weeks. For the control (MR), no
mortality was recorded during the fifteen days.
There is no significant difference for MR powder
compared to adults at the 5% level (P > 0.05)
after the two weeks.

3.3 Comparison of the Entomotoxic Effect
of Flours on OIld and Adult Larvae of
Tribolium castaneum

The entomotoxic effect of five varieties of
Bambara groundnut and a variety of common
bean was compared to assess their effectiveness
in impacting larval development and adult
reproduction of Tribolium castaneum. Fig. 3
illustrates the mortality resulting from the
comparative entomotoxic effect of the different
flours derived from Bambara groundnuts and
common bean on the larvae and adults of
Tribolium castaneum after 48 hours, 7 days, and
15 days of exposure.

From Fig. 3, it can be observed that the toxicity
of the different powders varies depending on the
developmental stage and duration of exposure.
The flours from different varieties exhibit higher
toxicity towards the larvae of Tribolium
castaneum compared to the adults. The mortality



Mamoudou and Habiba; J. Exp. Agric. Int., vol. 46, no. 2, pp. 9-22, 2024; Article no.JEAI.111928

rates recorded after 48 hours of introducing the
larvae into the different flours are as follows: 0%
for the control (MR) and for the GGR, BIRSC,
and MCFOSC varieties of red bean and
Bambara groundnut, respectively; 10% for the
BIRACV and MNRSC varieties; and 3.75% for
the BNRASC variety. For adults, the mortality
rates are 0% for the control (MR), the GGR
variety of red bean, and the BNRASC variety of
Bambara groundnut; 5%, 3.75%, 6.25%, and
1.25% for the BIRSC, MCFOSC, BIRACV, and
MNRSC varieties, respectively.

One week after introducing the larvae into the
flours of the different varieties, the recorded
mortality rates are as follows: 0%, 36.25%, 25%,
20%, 26.25%, 13.75% and 12.5% respectively
for the control (MR), the GGR varieties of red
bean, BIRSC, MCFOSC, BIRACV, MNRSC and
BNRASC of Bambara groundnut, while, in term
of adults mortality rate we have 0%, 46.25%,

6.25%, 6, 25%, 10%, 3.75% and 7.5%
respectively for the control (MR), the GGR
varieties of red bean, BIRSC, MCFOSC,

BIRACV, MNRSC and BNRASC of Bambara
groundnut. Fifteen days after introducing the
larvae into the flours of the different varieties, the
recorded mortality rates are as follows: 0%,
78.75%, 47.5%, 42.5%, 46.25%, 25% and
23.75% for MR, GGR, BIRSC, MCFOSC,
BIRACV, MNRSC and BNRASC varieties
respectively, while these rates for adults are 0%,
68.75%, 6.25%, 6.25%, 10%, 3.75 % and 8.75%
for MR, GGR, BIRSC, MCFOSC, BIRACV,
MNRSC and BNRASC varieties respectively.

100
920
80
70
60
50
40
30

From these mortality rates, it appears that the
larvae are more sensitive to different powders
compared to the adults of Tribolium castaneum.
Additionally, a notably high toxicity is observed
with the red bean powder, while the flours of the
different varieties of Bambara groundnut present
a moderate toxicity. There is a significant
difference for the various flours used towards
larvae and adults of Tribolium castaneum at the
level of 5% (P < 0.05) during the period of two
weeks of observation.

3.4 Evaluation of the Impact of Different
Flours on the First Generation of
Tribolium castaneum

The infestation of the different flours allows for an
assessment of their impact on the number of
individuals emerging from the first generation of
Tribolium castaneum, as represented in Fig. 4.
Specifically, the highest infestation rate is
observed in the MR variety (48%), while the
minimum rates are observed in the MNRSC,
BIRSC, BIRACV, BNRASC, and MCFOSC
varieties, with densities of 16%, 14%, 10%, 7%,
and 5% respectively. The GGR variety exhibits a
density of zero (0%). These leguminous flours,
therefore, have varying degrees of negative
effects on the reproductive rate of Tribolium
castaneum adults. There is a significant
difference among the different flours in terms of
the number of individuals emerging from the first
generation of Tribolium castaneum at a
significance level of 5% (P < 0.05).
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Fig. 1. Entomotoxic effect of the different flours of leguminous on old larvae of Tribolium
castaneum by the time
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3.5 Evaluation of the Effect of Different
Flours on Larvae, Nymphs and Adults
of Tribolium castaneum Obtained
from the First Generation

The qualitative and quantitative analysis of
individuals from the first generation in the various
powders is depicted in Fig. 5. Analysis reveals
that the different flours used have an impact on
the development of Tribolium castaneum.
Specifically, the nature of the developmental
stages and the relative proportion of individuals
per stage vary among the different flours. Thus,
the MR (control) is more favorable to the
development of Tribolium castaneum with 100%
of adult individuals, compared to the GGR flours
which renders the eggs sterile because they lack
post-embryonic stages. Compared to the flour of
the MR variety, the flour of the MNRSC, BIRSC
and BIRACV varieties are hostile with a
predominance of the larval stage (96%, 95% and
95% respectively) compared to the pupal and
adult stages. The flour of the MCFOSC and
BNRASC varieties are very hostile to
development with 0% of adults and a large
predominance of the larval stage (98% and 99%
respectively) compared to the pupal stage (2%
and 1% respectively). Thus the flours of the
different varieties inhibit more or less the
development of Tribolium castaneum. There is a
significant difference for the different flours
towards the larvae, nymphs and adults of
Tribolium castaneum obtained from the first
generation at the 5% level (P < 0.05).

4. DISCUSSION

This study demonstrates that the feeding
preference of the red flour beetle, Tribolium
castaneum, varied depending on the leguminous
flours used. The results indicated that the
powders of Vigna subterranea and Phaseolus
vulgaris exhibited higher toxicity towards both the
larvae and adults of Tribolium castaneum. The
toxicity levels varied depending on the
developmental stage of Tribolium castaneum that
was tested. The evaluation of the entomotoxic
effect of the flours of five varieties of Bambara
groundnut and one variety of common bean
(Phaseolus vulgaris) flours on the old larvae
revealed that the maximum mortality rates were
observed after four weeks, whereas for the
adults, these rates were recorded after only two
weeks of infestation. There was a significant
difference observed between the various
Bambara groundnut flours and the common bean
flour in terms of their impact on both the old
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larvae and adults. This significant difference may
be attributed to the presence of identical
entomotoxic molecules contained in the different
flours at varying concentrations. Thus Gueye et
al. [39], in their work, explain that the difference
in sensitivity of insects to plants with insecticidal
properties is probably linked to the active
molecules they contain. These molecules can
differ from one plant family to another and even
within the same family, from one species to
another. Similarly, Mordue and Blackwelle [40] in
their studies explain that the insecticidal efficacy
of synthetic molecules can vary from one species
to another, with an effectiveness that depends on
the concentration of active ingredient.

Similar  observations were  demonstrated
regarding the insecticidal activity of Lawsonia
inermis flours on Sitophilus oryzae, Sitophilus
zeamais, and Trogoderma granarium. The
results indicated that highly significant mortalities
could be achieved with exposure periods ranging
from one week to one month [41-43]. In a similar
vein, Muhammad Nadeem [44], demonstrated
that the maximum mortality of Tribolium
castaneum was recorded after 72 hours of
exposure to neem seed extracts at different
concentrations. However, Gueye et al [45], in
their studies showed that the type of food (whole
grain and flour) has an effect on the duration of
the development cycle of Tribolium castaneum.
These factors would not only determine the
duration of development, but also increase the
number of larval stages. Our studies conducted
at temperatures ranging from 32°C to 36°C,
resulted in a maximum mortality rate towards
adults after two weeks, whereas according to the
work of Guidaidi and Koumey [34], this same rate
was observed only after one week of introducing
adults to the various Phaseolus vulgaris flours at
temperatures ranging from 28 to 30°C. The
decrease or slowdown in individual mortality
could therefore be attributed to the rise in
temperature.

The comparative entomotoxic effect of the
various flours of Bambara groundnut and
common red bean on the development of old
larvae and adult of Tribolium castaneum after 48
hours, 7 and 15 days of exposure revealed that
the flours of common bean had a greater impact
on the larvae compared to the adults, on the
other hand the control (MR) showed no effect on
this pest. Furthermore, significant differences
were observed among the different flours
concerning their effects on Tribolium castaneum
larvae and adults. This difference in effect could
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Fig. 5. Effect of the different flours on larvae, nymphs and adults obtained from the first
generation of Tribolium castaneum

be attributed to the presence of active
compounds in the different flours of Bambara
groundnut and common red bean that are more
toxic to mature larvae than to adults. Additionally,
the flour of the control group (MR) contains
favorable nutrients for the development of
Tribolium castaneum.

Although the flours of the red common bean and
the Bambara groundnut present a higher toxicity
for the old larvae than for the adults, however
the flour of red common bean (Phaseolus
vulgaris) demonstrates a higher toxicity (with
mortality rates of 78.75% for the old larvae and
68.75% for adults on the fifteenth day) than the
powders of the different varieties of Bambara
groundnut (which larval mortality rates are
47.5%, 42.5%, 46.25%, 25% and 23.75% for the
BIRSC, MCFOSC, BIRACV, MNRSC and
BNRASC varieties respectively against 6.25%,
6.25%, 10%, 3.75% and 7.5% adult mortality in
the same varieties at fifteen days). These results
agree with those of Mebarkia et al [35] who show
that certain species of legumes cause a total
mortality of the insect as well at 60% as at 80%
such as lentil, bean and broad bean, others are
less toxic such as chickpea which causes lower
mortality between 3 and 23% respectively. The
toxicity of legumes differs greatly from one plant
species to another and at different
concentrations [46-48].

The impact of the different flours of Bambara
groundnut and red common bean on the number
of individuals emerging from the first generation
of Tribolium castaneum showed that the different
flours have a more or less negative effects on the
reproduction of adults of Tribolium castaneum.
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On the other hand the control (MR) has a rather
positive effect on the reproduction of this pest.
These results can be explained by the presence
in the various flours of Bambara groundnut and
red common bean of a toxic substance which
could slow down or inhibit either the reproductive
activity, or the hatching of the eggs of Tribolium
castaneum, contrary to the control (MR) which
could have compounds that stimulate the
reproduction of these individuals. These results
are similar to those of Kassemi [49] who showed
in his studies that the flour of the leaves of
Pseudocytisus integrifolius and Nepeta nepetela
affects the fertility of Tribolium castaneum,
according to him these powders have a great
biological activity on the adults of Tribolium
castaneum and other insect pests with a
reduction in emerging individuals. Similar
findings were obtained by Younoussa [50], who
showed that neem powders and diatomaceous
earth contain compounds with inhibitory effects
on the oviposition, fecundity and fertility of
Callosobruchus maculatus. Similarly Girma et al.
[51] and Nukenine [52] explained in their studies
that no emergence of Sitophilus zeamays was
observed with diatomaceous earth powders
(FossilShield and SilicoSec) at doses of 1 and
2g/kg; the inhibitory capacity observed is due to
the physico-chemical properties of the products
used. In the same way, Kellouche and Soltani
[53] showed that leaf powders of four plants rich
in essential oils (the fig tree, the olive tree, the
lemon tree and the eucalyptus) reduced the
fertility of females of Callosobruchus maculatus
on chickpea seeds.

Although the flours of the different varieties of
Bambara groundnut and the GGR variety of red
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common bean exhibit toxicity towards Tribolium
castaneum. However, the flours of red bean
presents a greater toxicity with 0% of individuals
emerging than the flours of the different varieties
of Bambara groundnut with 5%, 7%, 10%, 14%,
and 16%, of emerging individuals for the varieties
MCFOSC, BNRASC, BIRACV, BIRSC and
MNRSC respectively. The higher toxicity of the
GGR flour, which shows complete inhibition of
emergence after one generation compared to the
other flours of the different Bambara groundnut
varieties, can be attributed to the presence of
active compounds in the red bean powder that
are more toxic than those present in the powders
of the different Bambara groundnut varieties.
Phaseolus vulgaris may contain phenolic
compounds such as tannins (both condensed
and hydrolysable) and flavonoids, which are
known to have harmful effects on insect pests
[54]. Tannins have been shown to influence the
growth, development, and fecundity of several
insect pests [55,56]. For instance, Meric [57]
demonstrated in their studies that tannins inhibit
the development of these insects, resulting in a
lower number of eggs and smaller egg size,
which can impact the survival and overall health
of the first-generation individuals. According to
Salunke et al. [58], flavonoids lead to a
significant  reduction in egg laying by
Callosobruchus chinensis. They can also affect
eggq fertility, the number and weight of emerging
adults from bruchids, and may exhibit toxicity
towards adults, depending on the concentration
used. The effect of the different flours on the
larvae, nymphs and adults of Tribolium
castaneum derived from the first generation
revealed that, unlike the MR control, the different
flours of Bambara groundnut and red common
bean present a more or less toxic effect on the
different stages of development of Tribolium.
castaneum. There is a significant difference
among the different flours in their effects on the
larvae, nymphs, and adults of Tribolium
castaneum from the first generation. This
observed difference can be attributed to the
presence of entomotoxic substances in the
different legume flours used, which can disrupt
embryo development within the eggs and slow
down the overall development of Tribolium
castaneum. The obtained result is similar to
those of Ivbijaro [59] and Seck et al. [60], who
demonstrated in their studies that the powder of
Azadirachta indica seeds has insecticidal
properties which are manifested by the reduction
in female fertility, the extension of the
development period (larvae and pupa) and
reduction of emergence. From our results, it is
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evident that the flours derived from the seeds of
different Bambara groundnut varieties and a
variety of common red bean (Phaseolus vulgaris)
are all toxic to the larvae and adults of Tribolium
castaneum. However, the level of toxicity varies
according to the type of legume and the duration
of treatment.

The highest mortality rate among the mature
larvae is observed during the fourth week, while
for the adults, this rate is achieved after two
weeks, across all varieties. This indicates that
both the common red bean flour and the various
Bambara groundnut flours used display
significant toxicity towards both the adult and
larval stages of Tribolium castaneum. A
comparative study reveals that the larvae are
more susceptible to the different flours compared
to the adults of Tribolium castaneum. The flours
of the different Bambara groundnut varieties
exhibit varying levels of toxicity on adult mortality,
resulting in a reduction in the number of
emerging individuals in the first generation. Our
results indicate that the red bean flours is the
most toxic compared to the flours of the different
varieties of Bambara groundnut. This toxicity
results in significant mortality (95 * 5.33) in
adults and total inhibition (0%) of emerging
individuals of the first generation. Bambara
groundnut and common red bean flours therefore
have entomotoxic properties and could constitute
an alternative for the protection of stored
foodstuffs against the attack of Tribolium
castaneum. It would be advisable to further
investigate this study by conducting parallel
fractionation experiments alongside biological
tests to determine the nature of the compounds
responsible for the entomotoxic activity.
Additionally, evaluating the effect of these flour
varieties on other insect pests would be
beneficial.

5. CONCLUSION

From our results, it appears that the powders of
the seeds of the different varieties of Voandzou
and of a variety of red bean exhibit toxicity
towards both the larvae and adults of Tribolium
castaneum, the main pest of stored foodstuffs.
However, it is important to note that the level of
toxicity varies depending on the specific legume
varieties used and the duration of treatment. The
maximum mortality rate in larvae was observed
in the fourth week, while in adults, this rate is
reached after two weeks for all varieties.
Therefore, both the common bean powder and
the various Voandzou powders exert significant
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toxicity on both adults and larvae. A comparative
study shows that the larvae are more sensitive to
different powders than the adults of Tribolium
castaneum.

The powders of the different varieties of
Voandzou have a more or less significant toxicity
on adult mortality, thus leading to a reduction in
individuals emerging from the first generation.
Our results indicate that the powder of the red
bean turns out to be the most toxic compared to
the powders of the different varieties of
Voandzou. This toxicity results in significant
mortality (95 = 5.33) in adults and total inhibition
(0%) of individuals emerging from the first
generation. Voandzou and common bean
powders therefore have entomotoxic properties
and could constitute an alternative for the
protection of stored foodstuffs against the attack
of Tribolium castaneum.

At the end of this work, we issue some thoughts
and recommendations in the form of
perspectives for the use of legumes in the
protection of foodstuffs against the attack of
Tribolium castaneum and other insect pests of
stocks. This involves, among other things,
identifying and extracting the compounds
responsible for the entomotoxic activity by
fractionation carried out in parallel with the
biological tests and evaluating the effect of the
powder of these varieties on other insect pests.
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