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Abstract 

Objective: In order to control malaria through the reduction of Plasmodium spp vector populations, a study of the sensibility of A. 

gambiae ss stage II and IV larvae to V. heterophylla and X. aetiopica essential oils was carried out as well as their combined effect 

evaluated in the University of Ngaoundere, Adamawa region Cameroon from january to february 2020. Methodology: The tests 

consisted in evaluating the mortality of A. gambiae ss larvae in the presence of diluted solutions of the essential oils following a 

WHO (2005) methodology. Results: Bioassays revealed that the essential oils of both plants have remarkable insecticidal 

properties. At 250ppm, essential oils of V. heterophylla and X. aetiopica induced 100% mortality of stage II larvae after 18h of 

exposure. In stage IV larvae, the same concentration killed 100% of the larvae after 24h of exposure. The combined effect of the 

essential oils of the two plants on stage II and IV larvae of A. gambiae ss varied according to the proportion of combination made. 

In stage II larvae, the combination of V. heterophylla 50% and X. aetiopica 50% essential oils showed better efficacy 

(LC50=42.62ppm; LH50=03hr23min27sec), followed by that of V. heterophylla 25% and X. aetiopica 75% (LC50=44.24ppm; 

LH50=03hr31min21sec) and that of V. heterophylla 75% and X. aetiopica 25% (LC50=53.66ppm; LH50=05hr07min59sec). A 

similar trend was observed in stage IV larvae. Conclusion and application: In sum, due to their proven insecticidal properties 

against A. gambiae ss, the combination of essential oils of V. heterophylla and X. aetiopica should be highly recommended for the 

development of natural biocides. 

Keywords 

Anopheles gambiae ss, Essential Oils, Vepris heterophylla, Xylopia aetiopica, Combined Effects, Cameroon 

 

1. Introduction 

In the World, the number of people affected by malaria in 

2021 is estimated at 247 million compared to 245 million in 

2020 with approximately 619,000 deaths, 67% of which are in 

children under five years of age [1]. Africa unfortunately con-

tinues to bear the heavy burden with 234 million cases and 

593,000 deaths in 2021 [1]. Cameroon is classified in 2021, 

among the eleven most affected countries with at least 4000 

deaths of which 2700 in children under five years old [1]. The 

Far North Region Cameroon leads the mortality rate with 32% 

of deaths [2]. However, the government and international 
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partners continue to lead the fight, through the distribution of 

Long-Lasting Impregnated Mosquito Nets [3]. In spite of the 

special attention given by both national and international au-

thorities to fight against malaria in Cameroon, the morbidity 

rate related to this disease continues to rise [4]. Numerous 

obstacles stand in the way of the scientific community's efforts 

to control malaria, including the phenomenon of resistance of 

vector agents to synthetic insecticides, the resistance of Plas-

modium spp. to antimalarial drugs [5], poor hygiene conditions 

in some localities favoring human-mosquito contact, and 

problems of access to primary health care due to the high cost 

of new antimalarial drugs and insecticides [6]. In response to 

this situation, the World Health Organization recommends the 

introduction of impregnated mosquito nets and indoor spraying 

with synthetic insecticides [7]. Unfortunately, most of these 

chemicals have adverse effects on humans, other animals and 

the environment due to their accumulation in the natural envi-

ronment [8]. Similarly, the regular use of chemical substances 

to control malaria vectors in some regions induces the appear-

ance of the phenomenon of mosquito resistance to these sub-

stances [9]. Given these limitations, it is important to reorient 

vector control towards the evolutionary stages of the vector, i.e. 

the larval stage, and above all to use available local plants as an 

intermediate and more acceptable solution for these popula-

tions [4]. In order to contribute to this research, essential oils of 

V. heterophylla and X. aetiopica were used to determine their 

larvicidal activities on A. gambiae sensu stricto, the main vector 

of malaria in Sub-Saharan Africa. The general objective of this 

work is to contribute to the fight against malaria by reducing the 

populations of vectors of Plasmodium spp. 

2. Materials and Methods 

2.1. Collection of Plant Leaves 

 
Figure 1. Vepris heterophylla. 

The plants used in this work and identified at the Yaoundé 

National Herbarium under the numbers 13770SRFK for V. 

heterophylla (figure 1) and 25091SRFK for X. aetiopica (figure 

2) were collected in Ngaoundéré in June 2019, a period during 

which development and floristic diversity are at their maximum. 

The aerial parts (leaves) of the plants were removed and then 

dried in the shade in a dry and ventilated place for 10 days. 

After drying, they were selected and stored in a dark and humid 

place to be used for the preparation of essential oils. 

 
Figure 2. Xylopia aetiopica. 

2.2. Extraction of Essential Oils 

The method adopted by Diksha et al. [10] was used for 

extraction of the essential oils in the laboratory of Industrial 

Chemistry and Bio-resources of the National School of 

Agro-Industrial Sciences (ENSAI), University of Ngaoundere. 

The dried powdered leaves of each plant was subjected to 

hydrodistillation for 3 hours using a Clevenger-type apparatus, 

to give yellow-clear oil for Vepris heterophylla and Xylopia 

aetiopica, (Figure 3). The oil was allowed to stand for 2 h, to 

be clear, and then it was collected carefully after draining out 

condensed water. Distillates of essential oils were dried over 

anhydrous sodium sulphate, filtered and stored at -4°C in 

freezer until needed for analyses and bioassays. The yield of 

the essential oil obtained from plant materials was calculated 

as using the formula below [11]: 

𝐸𝑥𝑡𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑌𝑖𝑒𝑙𝑑 =
𝑊𝑒𝑖𝑔𝑕𝑡 𝑜𝑓 𝑒𝑠𝑠𝑒𝑛𝑡𝑖𝑎𝑙 𝑜𝑖𝑙

𝑊𝑒𝑖𝑔𝑕𝑡 𝑜𝑓 𝑝𝑙𝑎𝑛𝑡 𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙 𝑢𝑠𝑒𝑑
𝑥100  

 
Figure 3. Essential oils extracted (P1: Vepris heterophylla; P2: 

Xylopia aetiopica). 
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2.3. Dilution of the Essential Oil Stock Solutions 

The choices of the concentrations of essential oils were 

based on several preliminary tests. The concentration of the 

stock solutions was 0.5g/L (500ppm). From these stock 

solutions of essential oils of both plants, dilutions were 

made in acetone to obtain experimental concentration 

ranges. Four (4) concentrations were chosen from the stock 

solution concentration in geometric progression (0.25g/L, 

0.125g/L, 0.062g/L and 0.03125g/L) ready for testing 

(Table 1). 

Table 1. Dilution of stock solutions. 

Solutions CEO (SS) CEO/2 CEO/4 CEO/8 CEO/16 

Concentrations (g/L) 0.5 0.25 0.125 0.0625 0.03125 

Concentrations (ppm) 500 250 125 62.5 31.25 

CEO: Concentration of Essential Oil; SS: Stock solution; g/L: gram per liter; ppm: part per million 

2.4. Breeding of the A. gambiae Sensu Stricto 

Strain 

The eggs of A. gambiae ss were provided by the Organization 

for the Coordination of Endemic Diseases in Central Africa 

(OCEAC) based in Yaoundé-Cameroon to be maintained in 

rearing to obtain larvae for biological tests. Rearing was carried 

out at the Entomology Laboratory of the University of Ngaoun-

déré in January 2020. The eggs were soaked in plastic trays 

containing untreated natural well water. A few hours (18h - 24 h) 

after soaking the eggs, they hatched into stage I larvae that visi-

bly measured 2 mm in length. Stage I larvae developed after 48 h 

into stage II larvae. After 4 days, the larvae had reached stage IV 

(figure 4). The larvae were fed a nutriment powder consisting of 

shrimps and crushed cookies. To avoid any pollution resulting 

from the presence of the nutrient, the water used for larval rear-

ing was renewed every two days [12]. The average temperature 

inside the insectarium was kept constant (28.2°C ± 0.9°C) by a 

heater running continuously and the relative humidity was 80%. 

 
Figure 4. Rearing of A. gambiae ss larvae. 

2.5. Determination of the Larvicidal Effect of 

the Essential Oils of the Two Plants 

The determination of the larvicidal effect of the essential 

oils of V. heterophylla and X. aetiopica was made by biolog-

ical tests which consisted in evaluating the mortality of the 

larvae of stage II and IV of A. gambiae ss in the presence of 

the diluted solutions of the essential oils according to a 

methodology inspired by the protocol of the World Health 

Organization [13]. 

2.5.1. Sensibility Testing of Stage II and IV Larvae to 

Essential Oils 

Twenty-five (25) larvae of stage II and IV were collected 

with a pasteur pipette and put in small transparent plastic boxes 

of dimension 10 x 6 x 3.6 cm, each containing 99 mL of water 

supplemented with 1mL of each solution so diluted in the 

previously prepared boxes supplemented with a volume of 

bedding water up to 100mL, total volume [14]. The same 

number of larvae was placed in a negative control (acetone) box 

containing 99 mL of distilled water without any trace of essen-

tial oils, supplemented with 1mL of acetone [15]. Temephos 

http://www.sciencepg.com/journal/jdmp


Journal of Diseases and Medicinal Plants  http://www.sciencepg.com/journal/jdmp 

 

32 

was used as a positive control. Three replicates were performed 

for each dilution as well as for the negative control. 

2.5.2. Combined Effect of the Essential Oils of the 

Two Plants 

The realization of the combined effect of the essential oils 

of the two plants on the larvae of stage II and IV of A. gambiae 

ss which obeyed the protocol of World Health Organization is 

presented in Table 2. 

Table 2. Combination of essential oils (P1+P2) on stage II and IV 

larvae. 

Combinaisons P1+P2 P1+P2 P1+P2 

Proportions 
P1: 25% + P2: 

75% 

P1: 75% + 

P2: 25% 

P1: 50% + P2: 

0% 

P1: Vepris heterophylla P2: Xylopia aetiopica 

2.6. Data Analysis 

Statistical analyses were performed using R software. We 

also used the following tests: 

1) Kruskal-wallis H test for simultaneous comparison of 

more than two means; 

2) Student’s t-test for paired series to compare two means 

(mean mortality of stage II larvae and mean mortality of 

stage IV larvae; 

3) Pearson R correlation tests to establish the relationship 

between LC50 and corresponding LH50. 

The curves and regression lines were made in Excel 2007. 

The determination of LC50 and LH50 were done by the formula 

of Finney (1971) [16]. 

LC50= log 10-1(
5−𝑏

𝑎
) LH50 = log 10-1(

5−𝑏

𝑎
) 

3. Results and Discussion 

3.1. Yield of Essential Oils of Vepris heterophylla 

and Xylopia aetiopica 

The essential oils of V. heterophylla and X. aetiopica ob-

tained by hydrodistillation presented yields recorded in Table 3. 

The essential oil of X. aetiopica presented a high yield (0.92%) 

compared to that of V. heterophylla which gave a low yield 

(0.52%). The results obtained show that our yields of essential 

oil are very low. This would be related to the fact that the 

extraction was done on dry leaves while the other studies were 

done on fresh leaves [17]. This variability in yield could also be 

related to the time of harvesting, edaphic and climatic factors or 

the physiopathological state of the plant, as well as the type of 

extraction technique and recovery steps [4]. According to 

Chemat et al. [18], the variation is influenced by the length of 

time the plant is kept after harvesting and can vary from 0.4% 

after eight days to 1.45% if the extraction of essential oils is 

performed on the same day the plant is harvested. 

Table 3. Yields of essential oils of Vepris heterophylla and Xylopia aetiopica. 

Plant species Part taken/Location Mass (g) Volume of oil (mL) Yield (%) 

V. heterophylla Leaf/Ngaoundéré 2000 10.4 0.52 

X. aetiopica Leaf/Ngaoundéré 2000 18.4 0.92 

 

3.2. Toxicity of Essential Oils Tested Separately 

on Stage II and IV Larvae 

The results illustrated in figures 5 and 6 show the toxicity of 

the essential oil of V. heterophylla towards stage II and IV 

larvae of A. gambiae ss. From these figures, it appears that the 

percentage of mortality is proportional to the doses and times. 

Mortality in the negative control box is zero, confirming the 

toxicity of the essential oils of both plants [19]. At the first hour 

of exposure, mortality varied with concentration between 24% 

and 84% for stage II larvae and between 6% and 61% for stage 

IV larvae. A non-significant difference was found between the 

mortality rates observed (t = 2.8284, df = 3, p-value = 0.06628). 

This result suggests that there is an age-relate difference in 

larval sensibility to the essential oils of the two plants, with 

stage II larvae being less tolerant than stage IV larvae. This may 

be explained by the hardening of the cuticle of the preimaginal 

or immature stages during their development, which makes the 

active ingredients of the essential oils impervious. Indeed, other 

experimentation carried out by Aouinty et al. [20] has shown 

that a resistance of stage IV larvae compared to stage II larvae 

could be explained by the development or maturation of cuti-

cles in stage IV larvae. The results are similar to those of 

Aouinty et al. [20] who showed that the LC50 varied according 

to plant extracts, Culicidae species and larval development 
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stage and that immature larvae were more sensitive to extracts 

than mature larvae. The highest concentration induced 100% 

mortality at the 6
th
 hour of exposure in stage II larvae unlike 

stage IV larvae in which, the essential oil induced 100% at the 

12th hour of exposure. Mortality of stage II and IV larvae 

increased gradually and exceeded 50% for all concentrations at 

the 12
th
 hour of exposure. In the same vein, Matu (2011) [19] 

showed that the essential oil obtained from the leaves of V. 

heterophylla contains about 35 compounds, mainly alkaloids, 

triterpenes, and flavonoids responsible for the larvicidal effects. 

Indeed, other experimentation carried out by Matu (2011) [19] 

has shown that a methanol extract of the leaves of V. hetero-

phylla exhibits very strong insecticidal activities with an LC50 = 

204.7 μg/mL and the essential oil of this plant provides signif-

icant protection of stored grains against Tribolium castaneum, 

the red flour tribolium. In another study carried out by Sidibe et 

al. [21], freshly harvested leaves of the plant yielded an essen-

tial oil containing mainly sabinene (3-12%), δ-cadinene, 

β-elemene, β-caryophyllene, germacrene-D-4-ol and α-cadinol. 

 
Figure 5. Mortality rate of stage II larvae to essential oil of V. 

heterophylla. 

 
Figure 6. Mortality rate of stage IV larvae to essential oil of V. 

heterophylla. 

Figures 7 and 8 illustrate the toxicity of the essential oil of 

Xylopia tested on stage II and IV larvae of A. gambiae ss. It is 

also evident from these figures that the mortality rate is dose 

and time dependent. At the first hour of exposure, mortality 

ranged from 14% to 44% for stage II larvae and from 12% to 

54% for stage IV larvae as concentrations increased. The 

highest concentration induced 100% mortality at the 12th 

hour of exposure for stage II and IV larvae. Larval mortality 

increased progressively and exceeded 50% for all concentra-

tions at the 12th hour of exposure for stage II larvae and at the 

24th hour of exposure for stage IV. The resistance of stage IV 

larvae compared to stage II larvae could be explained by the 

development or maturation of cuticles in stage IV larvae. The 

results are similar to those of Aouinty et al. [20] who showed 

that the LC50 varied according to plant extracts, Culicidae 

species and larval development stage and that immature 

larvae were more sensitive to extracts than mature larvae. 

 
Figure 7. Mortality rate of stage II larvae to essential oil of X. 

aetiopica. 

 
Figure 8. Mortality rate of stage IV larvae to essential oil of X. 

aetiopica. 

A non-significant difference was also noted between these 

observed mortality rates (t = 1.03, df = 3, p-value = 0.391). 
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Koffi et al. [22] in their work on the chemical composition 

and insecticidal activity of the essential oil of the fruits of X. 

aethiopica (Dunal) A. Rich (Annonaceae) on Callosobruchus 

maculatus performed GC and GC/MS analysis of the essential 

oil of X. aetiopica and identified 43 compounds accounting 

for more than 95% of the essential oil composition: β-pinene 

(31.92%), germacrene-D (13.04%), α-pinene (10.28%), sab-

inene (7.88%), and 1,8-cineole (4.87%). Koffi et al. [22] 

revealed that essential oil has an interesting insecticidal ac-

tivities against Callosobruchus maculatus, a cowpea pest in 

storage, because at the dose of 7µL/L essential oil tested, the 

mortality rate is more than 98% after 24 hours of application. 

Determination of the lethal concentration 50 (LC50) and 

lethal hours 50 (LH50) of the essential oils of V. heterophylla 

and X. aetiopica on stage II and IV larvae of A. gambiae ss 

was carried out according to the method of Finney (1971) [16] 

from regression lines obtained by transforming the percent-

ages of mortality into probit after 24 hours of exposure as a 

function of the decimal logarithm of the concentrations and 

hours. Table 4 shows the regression equations, coefficients of 

determinations, and the different lethal concentration 50 (LC50) 

and corresponding lethal hours 50 (LH50) of the essential oils 

of the studied plants. 

Table 4. Regression equations, correlation coefficient, LC50 and LH50 of the essential oils of the studied plants. 

EO stages Regression equation r LC50 (ppm) t-test Regression equation r LH50 (hr/min/sec) 

P1 
II y = 1.8867x + 1.3849 0.98 82.43*** 

t1 
y =0.8612x + 4.2761 0.98 06hr55min38sec 

IV y = 2.3233x + 0.1652 0.99 120.49*** y = 0.7944x + 4.0418 0.96 16hr04min35sec 

P2 

II y = 1.6467x + 1.7105 0.99 99.45ns 

t2 

y = 1.3327x + 3.7065 0.96 09hr20min42sec 

IV y = 1.6967x + 1.271 0.99 157.68ns y = 1.2206x + 3.4648 0.95 18hr06sec09sec 

EO: Essential oil; P1: Vepris heterophylla; P2: Xylopia aetiopica; R: correlation coefficient. ***: very highly significant (P<0.001); t1 = 8.1924, 

df = 6, p-value = 0.0001783; nsP>0.05, ns non-significant; t2 = 0.74589, df = 6, p-value = 0.4839 

The analysis of the different results shows that the essential 

oil of V. heterophylla has LC50 values of 82.43ppm (stage II) 

and 120.49ppm (stage IV). A very highly significant difference 

was releaved between these lethal concentrations (t = 8.1924, df 

= 6, p-value = 0.0001783). For the essential oil of X. aetiopica, 

the LC50 values are 99.45ppm and 157.68ppm for stage II and 

IV respectively. A non-significant difference was noted be-

tween the two lethal concentrations (t = 0.74589, df = 6, p-value 

= 0.4839). The lethal times obtained follow the same order of 

reactivity with 06hr55min38sec for the essential oil of V. het-

erophylla tested on stage II larvae of A. gambiae ss, 

09hr20min42sec for the essential oil of X. aetiopica tested on 

stage II larvae, 16hr04min35sec for the essential oil of V. het-

erophylla tested on stage IV larvae and 18hr06sec09sec for the 

essential oil of X. aetiopica tested on stage IV larvae. In view of 

the LC50s and LH50s obtained, therefore, the essential oils of V. 

heterophylla (LC50 = 82.43ppm; LH50 =06hr55min38sec) and 

X. aetiopica (LC50 = 99.45ppm; LH50 = 09hr20min42sec) acted 

more effectively on stage II larvae in terms of concentration 

and time. A highly positive correlation (0.95 ≤ r ≤ 0.99) be-

tween LC50s and LH50s. Indeed, a fraction that has a low effi-

cacy or then a high LC50 will also have a high LH50 [4]. Our 

results corroborate those of Saotoing et al. (2014) [23] who 

were able to verify this correlation with the extract of Khaya 

senegalensis (LC50=2.79g/m
2
, LH50 = 14hr51min19sec) and 

Azardirachta indica (LC50 = 2.77g/m
2
, LH50 = 11hr56min42sec) 

essential oils on A. gambiae adults. 

3.3. Combined Effect of Essential Oils on Stage 

II Larvae 

The combination of P1 25% + P2 75% extracts on stage II 

larvae (Figure 9) showed that all concentrations induced 100% 

mortality after 12 h of exposure while the positive control 

induced 100% mortality after 1 h. Mortality rates varied with 

the different concentrations and duration of exposure to the 

product. For the combination of P1 75% + P2 25% extracts 

(Figure 10), except for the smallest concentration (31.25ppm), 

the other concentrations induced 100% mortality after 24h of 

exposure for the 62.5ppm and 125ppm doses. The highest 

concentration killed 100% of the larvae after 18h of exposure. 

Mortality rates varied with the different concentrations and 

duration of exposure to the product. Combined with 50% 

(Figure 11), the highest concentrations 250ppm and 125 ppm 

induced 100% mortality after 6 h and 12 h of exposure, re-

spectively. The smallest concentrations 62.5ppm and 

31.25ppm induced 100% mortality after 18h of exposure. A 

non-significant difference was noted between these observed 

mortality rates (𝜒2 = 0.066265, df = 2, p-value = 0.9674). The 

evolution of mortality rates of mosquito larvae tested with 

plant leave extracts was also reported in the results of Diallo et 

al. [24]. Dichloromethanic extracts of Cussonia barteri from 

Mali were toxic to Anopheles gambiae sl and Aedes larvae at 

the concentration of 500 mg/L and toxicity increased with 
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increasing concentrations and duration of exposure [24]. The 

combination P1 50℅ +P2 50℅ was more effective than 

combinations P1 75℅ +P2 25℅ and P1 25℅ +P2 75℅. This 

means that in the combinations, V. heterophylla and X. aeti-

opica essential oils showed an additive and synergistic effect 

on stage II Anopheles gambiae ss larvae. Synergistic effects of 

plant extracts are also reported by Akono et al. [25]. 

 
Figure 9. Stage II larval mortality at P1 25% + P2 75% combina-

tion. 

 
Figure 10. Stage II larval mortality at P1 75% + P2 25% combina-

tion. 

 
Figure 11. Stage II larval mortality at P1 50% + P2 50% combina-

tion. 

Determination of the lethal concentration 50 (LC50) and 

lethal hours 50 (LH50) of the combination of essential oils of V. 

heterophylla and X. aetiopica on stage II larvae of A. gambiae 

ss was also carried out according to the method of Finney 

(1971) [16] from regression lines obtained by transforming 

percent mortality into probit after 24 hours of exposure as a 

function of the decimal logarithm of concentrations and hours. 

Table 5 shows the regression equations, coefficients of de-

terminations, and the different lethal concentration 50 (LC50) 

and corresponding lethal hours 50 (LH50) of the essential oils 

of the studied plants. 

This table shows that the combination P1: 50% + P2: 50% 

has a low LC50 (42.62ppm), followed by the combination P1: 

25% + P2: 75% (44.24ppm) and that of P1: 75% + P2: 25% 

(53.66ppm). The Kruskal-wallis test showed a non-significant 

difference at α=5% (χ2 = 0.18398, df = 2, p-value = 0.9121). 

The lethal times obtained were 3hr23min27sec for the com-

bination P1: 50% + P2: 50%, 3hr31min21sec for the combi-

nation P1: 25% + P2: 75% the extract and 5hr07min59sec for 

the combination P1: 75% + P2: 25% (53.66ppm). Pearson’s R 

correlation test showed a relationship between LC50 and LC50 

(t = 3.5, df = 2, p-value = 0.07283). Our results corroborate 

those of Bouba et al [26] in their work on the evaluation of the 

larvicidal and pupecidal potential on Anopheles gambiae sl of 

methanolic extracts of Cyperus rotundus (Cyperaceae) and 

Leucas martinicensis (Lamiaceae). The find that the LC50 

values of Cyperus rotundus were 61.27ppm, 70.84ppm, 

85.86ppm, 104.44ppm for I to IV instars and 339.18ppm for 

the pupal instar, respectively [26]. The corresponding lethal 

hours (LH50) were 10h19mn13s, 11h31mn55s, 13h31mn49s, 
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16h04mn13s, 36h58mn27s for first, second, third, fourth 

instar larvae and pupae, respectively [26]. The toxic effect of 

the extracts of Leucas martinicensis was also demonstrated 

with LC50 values of 28.24ppm, 39.1ppm, 54.79ppm, 

80.78ppm for I to IV instars and 244.3ppm for the pupal instar, 

respectively. The corresponding lethal hours (LH50) were are 

06h29mn37s, 08h02mn45s, 06h24mn47s, 13h29mn45s, 

27h05mn50s respectively for the same larval instars [26]. 

Table 5. Regression equations, correlation coefficient, LC50 and LH50 of the essential oils of the studied plants. 

Proportion Regression equation r LC50 (ppm) Kruskal-test Regression equation r LH50 (hr/min/sec) 

P1: 25% + P2: 75% y = 1.36x + 2.7616 0.99 44.24a 

χ2  

y = 2.1894x + 3.8027 0.81 03hr31min21sec 

P1: 75% + P2: 25% y = 1.1133x + 3.0801 0.99 53.66 a y = 1.3936x + 4.0661 0.86 05hr07min59sec 

P1: 50% + P2: 50% y = 1.3567x + 2.8006 0.97 42.62 a y = 1.4849x + 4.2125 0.9 03hr23min27sec 

P1: Vepris heterophylla; P2: Xylopia aetiopica; r: correlation coefficient. Values followed by same letters in the same column are not signifi-

cantly different at α=5% (𝜒2 = 0.18398, df = 2, p-value = 0.9121). 

3.4. Combined Effect of Essential Oils on Stage 

IV Larvae 

 
Figure 12. Stage IV larval mortality at P1 25% + P2 75% combi-

nation. 

The evolution curves of mortality rates of stage IV larvae 

tested with the combination of P1 25% + P2 75% extracts 

(Figure 12) show that the highest concentrations 125ppm and 

250ppm induced 100% mortality of larvae after 12 h and 18h 

of exposure, respectively. The smallest concentrations 

31.25ppm and 62.5ppm induced 100% mortality after 24h of 

exposure. For the combination P1 75% + P2 25% (Figure 13) 

the highest concentration killed 100% of the larvae after 18h 

of exposure while the concentrations 31.25ppm, 62.5ppm and 

125ppm induced 100% mortality after 24h exposure. For the 

combination P1 50% + P2 50% (Figure 14), the highest con-

centration induced 100% mortality of stage IV larvae after 12 

hours of exposure. All other concentrations killed 100% of the 

larvae after 18h of exposure. The combination P1 50℅ +P2 

50℅ was more effective than combinations P1 75℅ +P2 25℅ 

and P1 25℅ +P2 75℅. A non-significant difference was also 

noted between these observed mortality rates (𝜒2 = 2.8494, df 

= 2, p-value = 0.2406). This means that in the combinations, V. 

heterophylla and X. aetiopica essential oils showed an addi-

tive and synergistic effect on stage II Anopheles gambiae ss 

larvae. Synergistic effects of plant extracts are also reported 

by Akono et al. [25]. 

 
Figure 13. Stage IV larval mortality at P1 75% + P2 25% combi-

nation. 
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Figure 14. Stage IV larval mortality at P1 50% + P2 50% combi-

nation. 

Determination of the lethal concentration 50 (LC50) and 

lethal hours 50 (LH50) of the combination of essential oils of V. 

heterophylla and X. aetiopica on stage IV larvae of A. gam-

biae ss was also carried out according to the method of Finney 

(1971) [16] from regression lines obtained by transforming 

percent mortality into probit after 24 hours of exposure as a 

function of the decimal logarithm of concentrations and hours. 

Table 6 shows the regression equations, coefficients of de-

terminations, and the different lethal concentration 50 (LC50) 

and corresponding lethal hours 50 (LH50) of the essential oils 

of the studied plants. 

The analysis of Table 6 leads to the following observa-

tions: the combination P1: 50% + P2: 50% has a low LC50 

(37.77ppm) compared to the combination P1: 25% + P2: 75% 

(LC50 = 38.32ppm) and the combination P1: 75% + P2: 25% 

(LC50 = 40.42ppm). The Kruskal-wallis test showed a 

non-significant difference at α=5% (𝜒2 = 0.068021, df = 2, 

p-value = 0.9666). The lethal hours obtained are 

3hr29min47sec for the combination P1: 50% + P2: 50%, 

3hr31min26sec for the combination P1: 25% + P2: 75% and 

3hr11min01sec for the combination P1: 50% + P2: 50%. In 

view of this observation, there would be a correlation be-

tween LC50 of the essential oils and their LH50 (t = 5.1962, df 

= 1, p-value = 0.121). Generally, an extract with a high 

efficiency (LC50 low) also has a low LH50 [26]. Our results 

corroborate those of Njan Nlôga et al. [27] who find in their 

work that the essential oil of Ocimum canum is very effec-

tive (LC50=11.95mg.m-2) and has a very low LH50 

(6h36mn36s) compared to other plants. A study carried out 

by Saotoing et al. [28] based on acetone extracts from the 

leaves of Calotropis procera and Boswellia dalzielii re-

vealed that these two plants show remarkable efficacy with 

an LC50 of 3.03g.m
-2

 and an LH50 of 7h31mn08s for Calot-

ropis procera and an LC50 of 3.94g.m
-2

 and an LH50 of 

9h52mn25s for Boswellia dalzielii. 

Table 6. Regression equations, correlation coefficient, LC50 and LH50 of the essential oils of the studied plants. 

Proportion Regression equation R LC50 (ppm) Kruskal-test Regression equation R LH50 (hr/min/sec) 

P1: 25% + P2: 75% y = 1.22x + 3.0682 0.99 38.32a 

𝜒2  

y = 1.5507x + 4.1517 0.95 03hr31min26sec 

P1: 75% + P2: 25% y = 1.32x + 2.8792 0.99 40.42 a y = 2.0202x + 3.984 0.78 03hr11min01sec 

P1: 50% + P2: 50% y = 1.0333x + 3.3703 0.98 37.77 a y = 2.0894x + 3.8641 0.78 03hr29min47sec 

P1: Vepris heterophylla; P2: Xylopia aetiopica; R: correlation coefficient. Values followed by same letters in the same column are not signif-

icantly different at α=5% (𝜒2= 0.068021, df = 2, p-value = 0.9666) 

4. Conclusion 

The present work showed that the essential oils of V. het-

erophylla and X. aetiopica possess remarkable larvicidal 

activities on A. gambiae ss. The combinations V. heterophylla 

50% and X. aetiopica 50% were the most effective in terms of 

concentration and time for stage II (LC50=42.62; 

LH50=03hr23min27sec) and IV (LC50 = 37.77; LH50= 

03hr29min47sec) larvae. In view of these indices, these two 

plant species could be the subject of an intermediate solution 

in the search for new biocides. The present study will be quite 

helpful in developing plant based anti- malarial vector and 

others borne diseases. 
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