


Study of the insecticidal and insect repellent effects of leaf and bark extracts of Azadirachta indica (Meliacea) and Calotropis procera (Asclepiadacea) on Bactrocera dorsalis insect pests of fruit in Senegal


Abstract: The aim of this work is to study the insecticidal or insect repellent effect of two plants on the fruit fly Bactrocera dorsalis, with a view to using them as alternatives to synthetic pesticides. We therefore chose Azadirachta indica (A.indica) and Calotropis procera (C. procera), two species that are very abundant in almost all regions of Senegal. Extractions of leaf and bark powders from the two plants were carried out using methanol and acetone as solvents. This study showed that extraction yields were higher for leaves than for barks, regardless of the species studied. Phytochemical characterisation of the extracts from plant organs for these two species revealed the presence of several secondary metabolites (alkaloids, flavonoids, tannins and terpenoids), in different proportions. These different metabolites showed no insecticidal effect against this fly. On the other hand, the greater or lesser presence of these secondary metabolites in the different species studied resulted in insect repellent effects. Indeed, in the case of Azadirachta indica, a repellent action was observed against flies, while in the case of Calotropis procera, an attractive action was noted. These insect repellent effects were obtained using methanolic and acetone extracts of A. indica and C. procera leaves at doses of 5, 10 and 20 mg/mL respectively..
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1. Introduction  
          The excessive and inappropriate use of synthetic chemical inputs represents a significant challenge that necessitates the development of effective control strategies to safeguard human health and maintain the delicate balance between biological systems and the environment [1]. This has resulted in the demise of numerous organisms that are integral to maintaining the biological equilibrium and fertility of soils. The utilization of deleterious chemical pesticides has had a profound impact on human health. This has resulted in the emergence of numerous chronic and fatal diseases, including various types of cancer, which have recently proliferated on a global scale [1].
          The introduction of new regulations in the field of food safety has resulted in the withdrawal of numerous synthetic active substances from the market, due to their unacceptable adverse effects on human and animal health. The European Union has introduced a set of criteria that explicitly prohibit the use of numerous substances employed as pesticides [3]. These criteria pertain, inter alia, to substances that are carcinogenic, mutagenic, toxic to reproduction, endocrine-disrupting, and persistent. Consequently, researchers have sought to leverage the advantages of natural resources, underscoring the significance of employing biopesticides as substitutes for synthetic chemicals. Plants synthesize a variety of active compounds that exhibit insecticidal, aseptic, or plant and insect growth regulatory properties. In the majority of cases, these active substances are secondary metabolites that were originally produced by plants as a means of protecting themselves from pests (herbivores) [4]. The concept of a biopesticide is not a novel one. In the middle Ages, plants were employed as a means of limiting the damage caused by rodents [5]. The products designated as biopesticides by European and global regulatory agencies exhibit considerable diversity. These can be classified into three principal categories, according to their nature, namely microbial, plant, and animal biopesticides [6, 7].
          The primary constituents of the category of microbial biopesticides are bacteria, viruses, fungi, and other microorganisms. The efficacy of a significant proportion of these biopesticides is contingent upon the active substances derived from microorganisms, which act against the pest rather than the microorganism itself [8]. In the case of plant biopesticides, the active substances are typically secondary metabolites that enable plants to defend themselves against herbivores. Neem oil, an insecticide derived from the seeds of Azadirachta indica, is the most prevalent plant biopesticide [9]. 

Azadirachtin, the principal active constituent of neem oil, is a complex mixture comprising seven distinct tetranortriterpenoid isomers. It has been demonstrated to disrupt the morphogenesis and embryonic development of insects [10, 11]. Animal biopesticides are composed of predators or parasites, or molecules derived from animals, the majority of which are invertebrates, including spider venoms, insect hormones, pheromones, and scorpions, among others. [12-14]. The nature and physicochemical properties of biopesticides are susceptible to significant alterations in response to changes in temperature. Certain components of sunlight, in particular ultraviolet (UV) rays, have been demonstrated to cause biopesticides to degrade [15].
          In general, elevated temperatures facilitate chemical reactions and, consequently, the degradation of biopesticides [16]. At temperatures exceeding 50°C, biopesticides undergo denaturation, resulting in alterations to their chemical structure and the loss of their biological activity. For this reason, cold extractions are becoming increasingly common, but they are sometimes lengthy and yield a relatively low quantity of the desired product [17]. A pH range of approximately 6 is optimal for minimizing the inhibitory effects of organic and inorganic contaminants in a biological treatment system [18]. Despite their perceived inferiority to chemical pesticides, biopesticides are witnessing a surge in utilization as an integral component of integrated pest management (IPM) strategies [19]. It is therefore imperative to utilize plant-based alternatives that can elicit the same effects as pesticides while maintaining the safety of human health and the integrity of the environment. 
          For this reason, our objective was to study the effects of two types of plant against the Bactrocera dorsalis fly, which attacks fruit, particularly mango. The following plants were selected for study: The selected plants are Azadirachta indica and Calotropis procera. These two species are classified within the Meliaceae and Asclepiadaceae families, respectively. 
Calotropis procera is a perennial plant. The leaves and stems of this plant are highly toxic due to the latex they contain. Azadirachta indica is a green, attractive plant with a multitude of leaves. It exhibits rapid growth. It is an evergreen, although it is known to flourish in arid conditions. Both plants are renowned for their medicinal properties. Calotropis procera was demonstrated to possess antifungal, antimicrobial, anti-inflammatory, and antibiotic properties. [20-22], whereas Azadirachta indica was demonstrated to possess antiseptic, anti-inflammatory, antimalarial, antibacterial, and hypoglycemic properties [23].
  

It is probable that the organs of these two species (seeds, leaves, bark, etc.) will contain all the compounds of the secondary metabolites that are being sought (alkaloids, flavonoids, tannins, terpenoids, etc.). In contrast to primary metabolites, secondary metabolites are molecules that are not directly involved in plant development. Rather, they play a role in the relationship with biotic and abiotic stresses or improve reproductive efficiency [24]. They play an indispensable role in plant development, performing a multitude of functions, including attracting pollinators and defending against attacks by herbivores or pathogens (e.g., maize). Additionally, these molecules are of significant utility to humans, serving as colorants, flavorings, antibiotics, herbicides, pharmaceuticals, and other vital functions [25].
Secondary metabolites are predominantly polyphenols, comprising a vast family of over 8,000 natural compounds. They are divided into several categories, including flavonoids, which account for more than half of all polyphenols; tannins, which are products of the polymerization of flavonoids; alkaloids [22], which are basic nitrogenous substances whose highly heterogeneous structures are identified by the presence of one or more nitrogen atoms [26]; terpenoids, which are compounds derived from the condensation of two or more isoprenic units (5 carbons); and numerous other classes.


2. Experimental
2.1. Plant and biological material
To accomplish this objective, we employed Azadirachta and Calotropis procera leaves and bark as the plant material, whereas the fruit fly, also designated as the oriental fly (Bactrocera dorsalis), served as the biological material for insecticide and insect repellent test applications.  
2.2. Reagents
In this study, we used methanol, acetone, tap water and distilled water as solvents.
To perform phytochemical tests, we used the following reagents: sulfuric acid (H2SO4) diluted to 10%, sodium hydroxide solution diluted to 1% and FeCl3.

2.3. Mateials 
The following equipment was utilized to complete the extractions: an electronic grinder, a Sartorius precision balance, a Büchi-R-200/205 rotavapor, a magnetic stirrer, a magnetic bar, a funnel, a spatula, filter paper, and muslin cloth. We utilized a variety of laboratory vessels, including erlenmeyer flasks of 250, 500, and 1000 mL, test tubes of 200-500 mL, and beakers of 250-500 mL. Additionally, we employed separating funnels of 1000 mL capacity. Additionally, the following equipment was utilized: 0.00, 250, 500, and 1000 mL flasks, both flat-bottomed and round-bottomed; a 250 mL flask; and petri dishes for the recovery of the extracted materials.
2.5  Preparation of plant extract solutions  
A 20 mg/mL stock solution of Azadirachta indica and Calotropis procera leaf extracts was prepared. This solution was diluted to obtain daughter solutions of 2, 3, 4, 5 and 10 mg/mL.  2.6  Experimental procedures
2.6.1 Extraction by maceration
After drying, the leaves and bark were pulverised with a grinder to obtain a fine powder. The powders obtained after grinding were stored at room temperature in resealable jars.
25 g of powder were weighed into a 500 mL Erlenmeyer flask and 250 mL of distilled water was added. The resulting mixture was stirred with a magnetic stirrer after 48 hours. 
The mixture was filtered through muslin cloth and filter paper. The filtrate (also called macerate) was collected in a 250 mL flask.  The filtrate was then divided equally between two ampoules. Methanol and acetone were added separately to the two separating funnels, using double the volume of filtrate. After a certain time, two phases were observed: a phase formed of crystals insoluble in water and extraction solvents and another hydroalcoholic or hydroketone phase. These phases are recovered and then evaporated to dryness using the rotavapor.. 

2.6.2  Calculation of plant extract yields
To determine the yields of plant extracts, we used the following formula: 
 

2.6.3  Reaction for characterising plant extracts
In this phytochemical screening, two characterisation reactions were studied: staining reactions (the most common) and precipitation reactions. In the case of alkaloids, the characterisation test was carried out using the precipitation reaction with the Valse-Mayer reagent (potassium iodomercurate solution), the principle of which is as follows: Dissolve 5 mg of the extract in 2.5 mL of sulphuric acid (H2SO4) diluted to 10% to obtain an acidic aqueous solution. 1 mL of the acidic aqueous extract solution is added to a test tube, followed by a few drops of Valse-Mayer reagent. The appearance of a yellowish-white precipitate reveals the presence of alkaloids [28]..   
To detect flavonoids, 10 mg of the dry extract was dissolved in 10 mL of boiling distilled water. Filtration was carried out after cooling. The aqueous solutions of the extracts were treated with a few drops of 1% sodium hydroxide solution. The presence of flavonoids is revealed by the formation of a yellow colour, which gradually disappears with the addition of a 10% solution of sulphuric acid [29].
In the case of tannins, 10 mg of extract is dissolved in 10 mL of boiling distilled water. From the solution obtained, 1 mL is taken and then 1 mL of distilled water and 1 to 2 drops of a 1% dilute iron (III) chloride (FeCl3) solution are added. The appearance of a dark green colour indicates the presence of catechic tannins and the appearance of a blue-green colour indicates the presence of gall tannins [28]. Finally, for terpenoids (or steroids), 10 mg of extract is dissolved in 10 mL of hot distilled water. Next, 0.5 mL of this solution is taken and 2 mL of acetic anhydride and 2 mL of the concentrated H2SO4 solution are added. The appearance of a violet or blue-green colour indicates the presence of terpenoids (or steroids) [29].. 

[bookmark: _Toc164157645] 2.6.4  Tests on the biological activity of extracts on the fly Bactrocera dorsalis
Bactrocera dorsalis, otherwise known as the fruit fly or oriental fly, is an insect pest that attacks fruit, particularly mangoes. It is reared in small awnings ventilated with mosquito netting. A banana is placed in the adult flies' hut so that they can lay their eggs on the banana's skin.  Twenty-four hours (24 h) later, the banana was removed and placed in a container covered with mosquito netting, where the eggs were incubated for 3 days to reach the L1 larval stage. The larvae, by feeding on the fleshy part of the banana, developed and passed on to the L3 stage where they emerged from the banana, jumped and fell into the soil spread out at the level of the container. These larvae begin their final metamorphosis and become pupae. This pupation lasts 1-7 days. The pupae are collected and deposited in the aunt.
After 12 days, the adult flies begin to emerge. This emergence is based on the temperature (24 to 25˚) in the fly chamber. 
2.6.5  Determining the insecticidal effect
Three methods were used: inhalation, ingestion and contact. Assessment of the effect by inhalation was carried out in small 5 L buckets previously saturated with the doses by spraying using small perfume cans (4 mL for each bucket). After evaporation of the solvent, 10 flies were deposited, including 5 males and 5 females. Food for the flies and water were also placed in the buckets. For each dose, mortality was monitored after 24 h for 72 h..
The principle of the ingestion method is to monitor the mortality of flies by poisoning after 24 hours. For each treatment, each dose was mixed with the flies' food in order to assess the toxicity of the extracts on the flies. 
In the contact method, ten adults were placed in small 5 L buckets, aerated at the lids. The adules were brought into contact with the extracts by spraying 4 mL of the prepared doses (20, 10 and 5 mg/mL). Three repetitions were carried out for each dose [30].   Finally, in the third method, doses of plant extracts were sprayed on the adult flies. Insect mortality was monitored after 24 h. 
2.6.6  Determining the attractive or repulsive effect
This test of attractiveness or repulsion consists of evaluating the number of egg-laying bites 24 hours later. We first carried out a pre-test using doses of between 2 and 5 mg/mL. It was not until 5 mg/mL that insect repellent effects were noted in both cases.  Doses of 5, 10 and 20 mg/mL were therefore used for each extract of each species for the remainder of the work.
Fifteen (15) sexed adults, including 10 females and 5 males, were placed in the pots. One banana was placed in each pot.  The test was repeated three times, allowing 6 bananas per treatment and 2 untreated control bananas to be tested. The bananas were removed from the pots after 24 h and immediately incubated in sand-filled containers for pupation [31]. This pupation phase will give us a better idea of the results obtained.. 


3 Results and discussion
3.1 Yield of Azadirachta indica and Calotropis procera extracts
Using the above formula, we determined the yields of the various plant extracts of each species. The results are shown in Table 1.
Table 1 : Yields from the extraction of plant material from Azadirachta indica (a) and Calotropis procera (b).
	organ
	
Feuille
	
Ecorce

	
Fraction
	F.C. Ac and F.Ac

	F.C.M and  F.M
	F.C. Ac and F.Ac

	F.C.M  and F.M
	  F.Ac

	F.M
	F.C.Ac and F.Ac

	F.C. M and  F.M

	Performance (%)
	2,3828a
	2,1968a
	7,4496b
	8,1628b
	0,5a
	0,65a
	2,6388b
	2,0960b


F.C. Ac : Acetone crystalline fraction; F.C.M :   Methanolic crystalline fraction; F.Ac : Acetone fraction;
 F. M : Methanolic fraction ; a : Azadirachta indica yield values; b : yield value of calotropis procera

The yields obtained during these extractions were calculated by solvent fractionation. In the two solvents used for extraction, we found that the yields were greater in the leaves than in the bark, whatever the species studied. However, in these two plant organs (leaves and bark), the solvents played different roles for these two species. For Azadirachta indica, acetone is more appropriate for extracting leaves, whereas methanol seems to be the most appropriate for bark. However, for Calotropis procera, we obtained the opposite effect.   Methanol was more appropriate for leaf extraction and acetone for bark extraction. In all the cases studied, yields were relatively higher with Calotropis procera, regardless of the solvent used.  The efficiency of the two solvents used for extraction depends on the plant organ, but also on the plant species and the sampling, drying and extraction conditions. These results could be explained by a greater ability of acetone to dissolve the organic matter contained in the leaves of Azadirachta indica and the bark of Calotropis procera. Similarly, the organic matter contained in Azadirachta indica bark and Calotropis procera leaves is more soluble in methanol. This indicates that the plant organs of the two species studied may contain organic matter of different types. This is because the solvents used are all polar and will interact strongly with polar or ionic substances but very weakly with apolar substances, which could explain this difference in behaviour.  The higher values obtained for yields in Calotropis procéra could indicate a greater presence of soluble organic matter in these two solvents.  



3.2    Phytochemical testing of extracts
Using the various methods described above, we characterised the different compounds contained in the plant extracts of the two species.
The results are shown in Table 2.
Table 2 : Results of phytochemical screening of plant organs of Azadirachta indica and Calotropis procera
	


A.Indica
	Extracts
	Fractions
	Alkaloids
	Flavonoids
	Tannins
	Terpenoids

	
	

Leaves
	F.C. Ac

	-
	+
	-
	++

	
	
	F.C.M
	-
	+
	-
	++

	
	
	F. Ac

	-
	+
	-
	++

	
	
	F.M
	+
	+
	+
	++

	
	Ecorse
	F. Ac

	+
	-
	+
	+

	
	
	F.M
	+
	-
	+
	+

	

C.procera
	

Leaves
	F.C.Ac

	-
	+
	-
	+

	
	
	F.C.M
	-
	+
	+
	-

	
	
	F.Ac
	+
	+
	++
	-

	
	
	F.M
	+
	+
	+
	-

	
	
Ecorse
	F.C. Ac

	-
	-
	-
	

	
	
	F.C.M
	+
	-
	-
	-

	
	
	F. Ac

	+
	-
	-
	-

	
	
	F.M
	+
	-
	-
	-



F.C. Ac : Acetone crystalline fraction;     F.C.M :   Methanolic crystalline fraction; F.Ac : Acetone fraction; 
F. M: Methanol fraction
++ : highly concentrated;  +: concentrated; -: absent  

Phytochemical characterisation of the methanolic and acetone extracts of Azadirachta indica and Calotropis procera (Table 2) reveals a biochemical diversity between the two species and the different parts of the same species used.  Phytochemical screening revealed that alkaloids, flavonoids, tannins and terpenoids (steroids) essentially make up the extracts obtained. The levels of these compounds varied according to the species studied, but also according to the plant organ. In Azadirachta indica, the terpenoid content is higher in the crystalline and non-crystalline leaf fractions (++) than in the non-crystalline bark fractions (+). The presence of flavonoids was only observed in the crystalline and non-crystalline leaf fractions (+), while alkaloids and tannins were only concentrated (+) in the non-crystalline bark fractions and the methanolic leaf fraction. 
In Calotropis procera, the alkaloids are concentrated (+) in the acetone and methanol fractions of the leaves and bark, with a crystalline methanol form observed only in the bark. Flavonoids, on the other hand, are concentrated (+) only in the crystalline and non-crystalline fractions of the leaves, as are tannins, with a high concentration (++) in the acetone fraction of the leaves. Terpenoids, on the other hand, are only concentrated in the crystalline acetone fraction of the leaves. The phytochemical characterisation of Azadirachta indica and Calotropis procera extracts has been the subject of several scientific studies. Several studies have revealed the diversity of active components in alcoholic and acetone extracts between the leaves and barks of the two species studied [32, 33, 34, 35]. This diversity is thought to be linked to several factors, in particular the specific soil and climate conditions in which the plant grows (plant nutrition, temperature, humidity, soil type), the part of the plant harvested, the harvest date, and the sampling and drying conditions [36, 37]. Similarly, the active components of the alcoholic and acetone extracts of the leaves and stems of A.indica (neem) differ according to the ecological conditions in which the plant grows [38]. Extraction conditions can also alter the biochemical composition of plant extracts. Factors such as light and storage temperature have a major influence on the stability of the various chemical components, as shown by the work of Nitièma-Yefanova [39].All these observations corroborate the results obtained in our study
[bookmark: _Toc164157649]3.3  Effects of different methanolic extracts of Azadirachta indica and acetone extracts of Calotropis procera on the behaviour of Bactrocera dorsalis
 3.3.1  Insecticide test
Evaluation of the inhalation intoxication test on Bactrocera dorsalis flies enabled us to observe that after 72 h, no lethal effect was noted on the insects. This phenomenon was also noted in the case of contact and ingestion mortality tests, which left the flies intact 24 hours later. These tests therefore confirm the work of Balayara et al [31] who studied the effect of fruit treatment with A. indica (Neem) oil on the behaviour and reproduction of B. dorsalis. In their study, they observed that A. indica oil did not cause the mortality of B. dorsalis or deter the laying of eggs by the fly; this suggests that the toxicity of A. indica (neem) can vary between species, even within the same family. This result was even confirmed by Deguine et al, [40]. In their study, these authors discovered that B. dorsalis was less sensitive than the melon fly (Bactrocera cucurbitae Coquillett (Diptera: Tephritidae)) to neem oil.


3.3.2  Study of the repellent or attractive action of plant extracts on the aptitude of B. dorsalis oviposition punctures
In this section, we also used only the metanolic and acetonic extracts of the leaves for A.indica and C.procera respectively, where the concentration of terpenoids was higher. 
Using the formula below, we obtained figures 1 and 2 representing the evolution of the repellent or attractive percentage of the extracts on the aptitude of B. dorsalis oviposition punctures as a function of the doses of leaf extracts of the two species studied.
% repellent (or attractive) =  ; where NTPTn : total number of oviposition bites from the control (Tn) for the three replicates and NPR: number of B. dorsalis oviposition bites for each replicate.  
  Figure 2 : Evolution of the repellent or attractive percentage of C. Procera extracts on the aptitude of B. Dorsalis egg-laying stings as a function of doses
Figure 1 : Evolution of the repellent or attractive percentage of A.indica extracts on the aptitude of B.Dorsalis egg-laying stings as a function of doses


In these figures, Ai and Cp represent the doses of A. indica and C. procéra extracts respectively. For these two species, the percentages are higher than for the control, indicating that our two species have an effect on the fly.  In the case of A. indica, an increase in percentage was observed as the Ai dose increased. This increase in percentage corresponds to a reduction in the total number of egg-laying bites, indicating a repellent effect. This repellent effect could be due to the high presence of terpenoids in the metanolic extracts of the leaves. These insect repellent properties lead to the death or repulsion of insects, as shown by the work of B. Sané et al [41]. Because of their isoprenic or steroidal structures, terpenoids often contain carbonyl or carboxylic groups (or esters) which are likely to be responsible for the characteristic smell and taste of many plants, particularly A. indica [42].  Azadirachtin, the main active compound in A. indica, is very abundant in the various organs (seed, leaf or stem). Its action has been amply demonstrated by Nadia Aribi et al [43]. Thus, the high presence of terpenoids gives the extracts a powerful insecticidal or insect repellent action [44].  
On the other hand, in the case of C. procera, we note a decrease in the percentage as the dose increases. This decrease corresponds to an increase in the number of oviposition bites, which could indicate an attractive effect of C. procera on the B. dorsalis fly. This attractive effect may be explained by the biochemical composition of the acetone extract of C. procera. In fact, secondary metabolites such as tannins, alkaloids and flavonoids, which predominate in the acetone extract of C. procera, may explain the behaviour of B. dorsalis flies, encouraging them to rush towards food sources rich in these compounds [45]. 
To verify the effect of the two species on the B.Dorsalis fly, we carried out a statistical treatment on the percentages of oviposition puncture ability of A.Indica and C.Procera. In both cases we found Pvalue = 0.039 < 0.05, indicating that both tests were significant. These two species therefore showed two interesting properties in strategies to control B. dorsalis populations.

Conclusion

This study showed that the efficiency of the two extraction solvents used depended considerably on the plant studied, but also on the plant organ and the sampling, drying and extraction conditions. However, in all the cases studied, the best yields were obtained on leaves. 
Photochemical screening of organic extracts from plant organs of both species (A. indica and C. procera) revealed the presence of several secondary metabolites (alkaloids, flavonoids, tannins and terpenoids) in different proportions.  These different metabolites had no insecticidal effect on the B. dorsalis fly. However, the greater or lesser presence of these secondary metabolites in the different species studied resulted in insect repellent effects against the Bactrocera dorsalis fly in Azadirachta indica and Calotropis procera respectively. The repellent effect noted in Azadirachta indica against this fly could probably be due to a high presence of terpenoids in metanolic extracts at doses of 5, 10 and 20 mg/mL; whereas the attractive effect noted in the case of Calotropis procera could be due to an absence of terpenoids. The presence of tannins, alkaloids and flavonoids acting in synergy could be responsible for this attractive effect.
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Action(%)	[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]

Tn	Ai5	Ai10	Ai20	66.7	73.5	84.8	86.4	a	a	a	a	Dose (mg/mL)


Repellent or attractive percentage of A. Indica extracts on the aptitude of B. Dorsalis oviposition punactures



Action(%)	[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]

Tn	Cp5	Cp10	Cp20	66.7	82.6	78.8	72.7	a	a	a	a	Dose (mg/mL)


Repellent or attractive percentage of C. Procera extracts on the aptitude of B. Dorsalis oviposition punctures






