[bookmark: _Toc195266182][bookmark: _Toc196418069][bookmark: _Toc196418186]REPELLENT AND INSECTICIDAL PROPERTIES OF SCENT LEAF-ORANGE PEEL EXTRACT AS AN ECOFRIENDLY APPROACH IN THE CONTROL OF COWPEA WEEVILS (Callosobruchus maculatus)

Abstract
Cowpea (Vigna unguiculata) is an important food crop in Nigeria, but the cowpea weevil (Callosobruchus maculatus) threatens its storage. Dependence on synthetic insecticides can result in pesticide residues, pest resistance, environmental contamination, and risks to human health. This study investigated the insecticidal and repellent activities of ethanolic extracts of scent leaf (Ocimum gratissimum) and orange peel (Citrus sinensis), applied individually and in combination against C. maculatus. Orange peels and scent leaf maceration were in ethanol for seven days, separately while the chemical constituents of the extracts were characterized using gas chromatography–mass spectrometry. Extraction yielded 6.67 g of orange-peel extract from 100 g of sample and 17.5 g of scent-leaf extract from 150 g. Both extracts exhibited concentration- and time-dependent insecticidal activity, although scent leaf generally performed better than orange peel when applied alone. At 84 h, mortality reached 76.65% with the highest orange-peel concentration and 79.98% with the highest scent-leaf concentration. The combined extracts produced greater activity: OP4SL4 achieved approximately 99.83% mortality at 48 h and 100% at 72 and 84 h. Repellency was also strongest in the combinations, with OP4SL4 reaching approximately 100% by 6 h. The lethal dose for OP4SL(1-4) LD10 as 2.053 mg/mL, LD30 as 3.078 mg/mL, LD50 as 4.062 mg/mL, LD90 as 8.035 mg/mL and 14.064 mg/mL at 24 h. The combined treatment produced the lowest lethal-dose estimates, indicating enhanced potency. These findings demonstrate that scent leaf–orange peel extract, particularly OP4SL4, has potential as an eco-friendly botanical treatment for protecting cowpea.
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Introduction
Cowpea (Vigna unguiculata) is an annual legume with nutritional value of high protein content and combination of carbohydrate, fibre and minerals (iron and zinc) of economic and social significance (Kebede & Bekeko, 2020; Simion, 2018).Maia, (2023) reported that the world’s harvested area of cowpea is approximately 11,806,648 hectares, and a production of 5,389,235 tons cowpea seed. Nigeria is considered as the top producer of cowpea amongst ten major producers of cowpea in Africa by producing about 2,916,000 tons of cowpea seeds followed by Niger producing about 1,265,839 tons of cowpea seeds yearly (Chibuzo et al., 2024; Maia, 2023). Cowpea weevil, Callosobruchus maculatus, affects cowpea storage, causing about 60% postharvest losses due to seed burrowing and physical damage of the crop (Sunday et al., 2025). According to D. Kumar & Kalita, (2017) in order to maintain the harvested grains quality and nutritional content for a long time, adequate storage is required. In the year 2013 Nigeria, was suspended from export of cowpea with extension to 2017 due to pesticide residue between 0.03mg/kg and 4.6mg/kg due its known effect of acute neurotoxicity on human  (Chibuzo et al., 2024). The repeated use of pesticide has made pest gain resistance to such chemicals over time hence the use of biological plant extract which contains naturally occurring compounds such as steroids, alkaloids, terpenoids, phenolics and flavonoids is essential (Kontogiannatos et al., 2020). Over the years, different spices were for preservation of grains against insects as dried spices were grinded to powder and mixed with grains traditionally against insect pest (Islam et al., 2013; Sarma et al., 2024)
Scent leaf (Ocimum gratissimum) is a spice plant found in Africa, Asia and South America known to contain certain bioactive compounds that have different benefit to human health and application in food science in general (Edo et al., 2023). Orange peel extract has gained attention for its potential as a natural insecticide. The rich presence of limonene, gives citrus fruits their characteristic scent, has shown effectiveness against various insect pests (Fernando et al., 2024).
Post-harvest loss of cowpea by pest decreases the quality of the cowpea after infestation leading to loss in monetary and market value. Presence of pesticide residues in grains has led to rejection of grains during exportation (Chibuzo et al., 2024). The risk factors associated with the usage of synthetic pesticides include respiratory, cardiovascular, and endocrine disruptions, metabolic disorders, and gastrointestinal, reproductive, acute neurotoxicity and neurological dysfunctions among others (Anaduaka et al., 2023; Chibuzo et al., 2024). Due to consumer awareness, consumers seek to get safe and quality legumes hence the innovation on the use of plant extracts.
2.0.  Methodology
[bookmark: _Toc231488972]2.1. Sample Collection and Preparation 
Orange peels gotten by grating the peels from clean orange fruits collected from Wurukum Market Makurdi, Benue State were shade dried for 5 days without sunlight at room temperature (Alamineh, 2018). The scent leaf gotten from Modern market Makurdi, Benue State were dried at room temperature without sunlight for 2 weeks before blending with an electronic blender and kept in airtight container until the extraction process done (Edo et al., 2023). 
[bookmark: _Toc231488974]2.2. Extraction of Plant Extract
The method outlined by Olusanmi, (2024) with slight modification was used were 150 g of powdered scent leaf was soaked in 500 mL of ethanol in a glass jar for 7 days. After every 24 h, the glass jar shaken was to ensure the soaked leaf mixes with the ethanol. On the seventh day, the filtrate sieved with a muslin after evaporation using a water bath, produced the dried extract. The refrigerator preserved the extract in sample bottles until needed.
100g of powdered of orange peel was soaked in 400 mL of ethanol in a glass jar for 7 days. On the seventh day, the filtrate sieved with a muslin after evaporation using a water bath, produced the dried extract. The refrigerator preserved the extract in sample bottles until needed. The orange peel extract obtained was by maceration method as outlined by K.K. Anachuna et al., (2021) with modifications. The same technique was repeated twice for each extract in order to get much extracts for the analysis (Okwuonu et al., 2023). 
[bookmark: _Toc231488975]2.3. Culturing of Cowpea Weevils (Callosobruchus maculatus)
Infested cowpea with weevils were obtained from the market and left to breed new weevils by ensuring there is air passage for growth and multiplication through the holes bored on the container placed in a dark environment (Goudoungou et al., 2024).
[bookmark: _Toc231488976]2.4. Preparation of Cowpea for Analysis
Cowpea without chemical preservative and weevils gotten from the market, sterilized were by placing in a dehydrator for about 6 h before storing in airtight container until its need.
[bookmark: _Toc231488980][bookmark: _Toc231488978]2.5. Preparation of Plant Extracts 
The crude extracts of the orange peel and scent leaf weighed 10 mg, 20 mg, 30 mg, and 40 mg respectively were re-dissolved separately in 2mL of ethanol after to obtain the expected concentration of as shown in table 2 below for each individual plant extract before combing in ratio as shown in table 1. According to the combination, ratios by Ilesanmi & Gungula, (2010) with slight modifications of 1:1, 1:2, 1:3 and 1:4 for orange peel to scent leaf obtained. 



Table 1: Concentration of Individual Extract
	Sample
	Concentration (mg/mL)
	Sample
	Concentration (mg/mL)

	OP1
	5
	SL1
	5

	OP2
	10
	SL2
	10

	OP3
	15
	SL3
	15

	OP4
	20
	SL4
	20



Table 2: Orange peels extract (OP) and Scent leaf extract (SL) Combination
	OP/SL
	SL1 (5mg/mL)
	SL2 (10mg/mL)
	SL3 (15mg/mL)
	SL4 (20mg/mL)

	OP1(5mg/mL)
	OP1SL1
	OP1SL2
	OP1SL3
	OP1SL4

	OP2 (10mg/mL)
	OP2SL1
	OP2SL2
	OP2SL3
	OP2SL4

	OP3 (15mg/mL)
	OP3SL1
	OP3SL2
	OP3SL3	
	OP3SL4

	OP4 (20mg/mL)
	OP4SL1
	OP4SL2
	OP4SL3
	OP4SL4


2.6. Insecticidal or Mortality Test 
The method by Okwuonu et al., (2023)  with modification adopted where sterilized samples of the cowpea treated with concentration of the plant extract at different concentrations in replicates of 3 was monitored at 12 h, 24 h, 36 h, 48 h, 60 h, 72 h and 84 h for the number of dead weevils. The mass of the extracts individually dissolved in 2 mL of ethanol unto which 15 g of sterilized cowpea added in plastic containers and allowed for about 15 minutes to allow ethanol to evaporate. Unto the cowpea with extract was 10 developed live Callosbruchus maculatus introduced. These plastic plated with cover was bored to allow air into it to prevent suffocation and kept in dark environment.
The mortality rate, calculated according to the (Okwuonu et al., 2023) adopted formula 
% Mortality = (Nd ÷Tn) × 100% ---------------------------- equation 1
Nd = Number of Dead Insects
Tn= Total Number of Insects
[bookmark: _Toc237000623][bookmark: _Toc237003348]2.7. Repellency Test
Method by Muzio et al., (2025) with slight modifications was adopted as different concentrations as noted in table 2 and 3 were applied to half part of Whatman filter paper and control on the other half. Ethanol introduced to second halve of the Whatman filter paper as control. The Whatman filter paper was of 90 mm diameter. The filter paper with the extract and ethanol control left to evaporate ethanol for 15 minutes leaving the filter paper dried. The treated filter and the control filter paper was joined by seal tape before placing in a Petri dish of 9 mm diameter unto which 10 matured weevils was introduced. The numbers of weevils on treated part and the control part of the filter paper noted by 30 minutes, 1h, 1:30 h, 2 h, 4 h, 6 h, 9 h, 12 h, at 3 h interval until 24 h. The repellency done for each concentration in triplicates.
Repellency test percent (PR) calculated using the formulae below:
PR = [(Nc – Nt)/ (Nc + Nt )] × 100% --------------------- equation 2
Where:
Nc = Number of insects on the control part of the filter paper.
Nt = Number of insects on the treated part of the filter paper.
[bookmark: _Toc237000624][bookmark: _Toc237003349]2.8. Determination of Lethal Dose
[bookmark: _Toc231488984]According to  Vendan et al., (2017) with slight modification lethal dose was determined by exposing the 10 cowpea weevils population to different concentration of the extracts and monitoring the mortality rate at 24 h, 36 h, 48 h, 60 h, and 72 h. The mortality data was used to determine the Probit value from the probit table. The obtained probit value used was to plot a graph against the log concentration using Excel software to determine the lethal dose concentration that kills 10%, 30%, 50%, and 90% of the test population by estimates of the median lethal concentration LC10, LC30, LC50, LC90 and LC99 (Yuniari et al., 2016). 
2.9. Statistical Analysis
Each analysis was performed in three replicates and result expressed as mean ± standard error. The data was analyzed using a one-way ANOVA on SPSS program version 20.0  and means compared using Duncan test where P value of ≤ 0.05 considered was statistically significant. Excel software was used for the calculation of the lethal doses.
3.0. Results and Discussion
3.1. Results
[bookmark: _Toc237000628][bookmark: _Toc237003354][bookmark: _Toc231488988]3.1.1. Extract Yield
A 100g of orange peel immersed in 400 mL of ethanol after 7 days produced 6.67 g of orange peel extract. 
[bookmark: _Toc237000630][bookmark: _Toc237003356]A 200 g of scent leave immersed in 400 mL ethanol for 7 days produce 17.5 g of scent leave extract.













3.1.2. Tables of Results for Mortality Rate
Table 3: Mortality Rate of Orange Peel Extract at Different Exposure Time
	Sample/Time
	CNT
	OP1
	OP2
	OP3
	OP4

	12 h
	3.33a±0.01
	6.67a±0.01
	13.32b±0.01
	19.63c±0.55
	26.65d±0.02

	24 h
	3.33a±0.01
	3.32a±0.01
	13.32b±0.01
	19.63c±0.55
	26.65d±0.02

	36 h
	6.66a±0.01
	6.67a±0.01
	19.83b±0.15
	26.64c±0.03
	29.83d±0.15

	48 h
	6.66a±0.01
	6.67a±0.01
	19.83b±0.15
	30.01c±0.04
	34.1d±0.17

	60 h
	10.02b±0.01
	10.02b±0.01
	34.1c±0.17
	39.73d±0.25
	56.66e±0.01

	72 h
	10.02b±0.03
	10.02b±0.03
	40c±0.02
	46.65d±0.02
	76.65e±0.02

	84 h
	13.32b±0.01
	13.32b ± 0.01
	40.01c±0.03
	50.01d±0.03
	76.65e±0.03


Values are means ± standard deviations of triplicate determinations. Means in the same column with different superscripts are significantly different at (p<0.05).








Table 4: Mortality Rate of Scent Leaf Extract at Different Exposure Time
	Sample/Time
	CNT
	SL1
	SL2
	SL3
	SL4

	12 h
	3.33a±0.01
	6.5b±0.5
	10.17c±0.15
	13.32d±0.01
	16.66e±0.01

	24 h
	3.33a±0.01
	10.13b±0.15
	10.17b±0.15
	13.32c±0.01
	16.66d±0.01

	36 h
	6.66a±0.01
	19.83b±0.15
	23.97c±0.15
	26.66d±0.01
	26.67d±0.02

	48 h
	6.66a±0.01
	23.9b±0.1
	24.01b±0.01
	26.65c±0.02
	44.11d±0.17

	60 h
	10.02a±0.01
	30.03b±0.06
	34.17c±0.15
	40.10d±0.26
	46.64e±0.03

	72 h
	10.02a±0.03
	36.65b±0.02
	44c±0.03
	46.66d±0.01
	46.66d±0.01

	84 h
	13.32a±0.01
	50b±0.03
	60.01c±0.03
	63.98d±0.08
	79.98e±0.07


Values are means ± standard deviations of triplicate determinations. Means in the same column with different superscripts are significantly different at (p<0.05).
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Table 5: Mortality Rate for Combined Orange Peel – Scent Leaf Extract at Different Exposure Time
	Sample/Time
	CNT
	OP1SL1
	OP1SL2
	OP1SL3
	OP1SL4
	OP2SL1
	OP2SL2
	OP2SL3
	OP2SL4
	OP3SL1
	OP3SL2
	OP3SL3
	OP3SL4
	OP4SL1
	OP4SL2
	OP4SL3
	OP4SL4

	12 h
	3.33a±0.01
	10.12b±0.16
	13.32c±0.01
	16.65d±0.02
	20.17e±0.15
	13.31c±0.02
	26.66f±0.02
	34.9h±0.1
	36.64i±0.03
	33.17g±0.15
	53.32k±0.02
	53.31k±0.02
	56.64l±0.03
	46.65j±0.02
	60.17m±0.15
	73.31n±0.02
	83.32o±0.01

	24 h
	3.33a±0.01
	10.03b±0.03
	13.32c±0.01
	26.65d±0.02
	26.65d±0.02
	13.32c±0.01
	26.65d±0.02
	39.73e±0.25
	43.31f±0.02
	39.87e±0.15
	53.32h±0.02
	53.31h±0.02
	63.32i±0.01
	49.9g±0.1
	73.32j±0.02
	76.65k±0.02
	86.65l±0.02

	36 h
	6.66a±0.01
	13.34b±0.01
	23.33d±0.02
	26.65e±0.02
	33.32g±0.01
	19.92c±0.1
	29.96f±0.05
	43.33i±0.01
	46.66j±0.01
	40.11h±0.17
	53.32k±0.01
	60.11m±0.17
	63.31n±0.02
	59.73l±0.25
	76.64o±0.03
	83.32p±0.02
	86.65q±0.02

	48 h
	6.66a±0.01
	13.33b±0.02
	23.32c±0.02
	26.67d±0.02
	36.68f±0.01
	23.35c±0.02
	29.9e±0.1
	43.32g±0.01
	49.99h±0.01
	43.32g±0.01
	56.65i±0.02
	59.87j±0.15
	63.31k±0.02
	66.65l±0.02
	80.02m±0.02
	86.65n±0.02
	99.83o±0.21

	60 h
	10.02a±0.01
	16.65b±0.02
	23.32c±0.01
	30d±0.02
	43.32f±0.01
	23.32c±0.02
	33.32e±0.01
	46.66g±0.02
	53.31h±0.02
	43.32f±0.01
	56.64i±0.03
	63.32j±0.01
	70k±0.02
	73.33l±0.01
	90m±0.01
	90.02m±0.02
	99.9n±0.06

	72 h
	10.02a±0.03
	16.65b±0.02
	26.65c±0.02
	33.32e±0.01
	43.31g±0.02
	29.97d±0.07
	36.66f±0.02
	49.96i±0.06
	63.32k±0.01
	46.65h±0.02
	59.92j±0.12
	69.7l±0.7
	73.32m±0.01
	83.32n±0.01
	90.01o±0.03
	93.31p±0.02
	100q±0.01

	84 h
	13.32a±0.01
	20.01b±0.03
	26.65c±0.02
	33.31c±0.02
	46.65e±0.02
	33.3c2±0.01
	36.65d±0.02
	50f±0.03
	66.66h±0.02
	50.13f±0.24
	63.32g±0.01
	75i±0.03
	90k±0.02
	83.32j±0.01
	90.01k±0.02
	99.99l±0.01
	100l±0


Values are means ± standard deviations of triplicate determinations. Means in the same column with different superscripts are significantly different at (p<0.05).

[bookmark: _Toc237000631][bookmark: _Toc237003357]
Tables of Results for Repellent Rate 
[bookmark: _Toc237000632][bookmark: _Toc237003358]Table 6: Repellent Rate for Combined Orange Peel – Scent Leaf Extract at Different Exposure Times 
	Sample/Time
	CNT
	OP1SL1
	OP1SL2
	OP1SL3
	OP1SL4
	OP2SL1
	OP2SL2
	OP2SL3
	OP2SL4
	OP3SL1
	OP3SL2
	OP3SL3
	OP3SL4
	OP4SL1
	OP4SL2
	OP4SL3
	OP4SL4

	0.5 h
	0.33ᵃ±0.58
	15.02ᶜ±0.02
	25.02ᵉ±0.02
	40ʰ±0.02
	50ⁱ±0.02
	20.10ᵈ±0.17
	60.14ʲ±0.22
	40.02ʰ±0.02
	40.01ʰ±0.03
	10ᵇ±0.02
	70ᵏ±0.02
	60ʲ±0.02
	40.01ʰ±0.03
	26.70ᶠ±0.02
	30.00ᵍ±0.03
	50ⁱ±0.03
	70ᵏ±0.04

	1 h
	−19.96ᵃ±0.05
	29.93ᶜ±0.06
	40ᵈ±0.02
	20ᵇ±0.02
	40ᵈ±0.03
	20ᵇ±0.03
	40ᵈ±0.02
	20.01ᵇ±0.02
	66.50ʰ±0.10
	30ᶜ±0.03
	40.01ᵈ±0.03
	59.97ᶠ±0.07
	66.57ʰ±0.06
	30ᶜ±0.02
	50.02ᵉ±0.02
	66.43ᵍ±0.15
	90ⁱ±0.03

	1.5 h
	−60ᵃ±0.03
	20.01ᵇ±0.02
	30.01ᶜ±0.02
	40.13ᵈ±0.24
	53.30ᵍ±0.10
	19.97ᵇ±0.06
	46.50ᵉ±0.10
	40ᵈ±0.03
	70ʰ±0.02
	40.07ᵈ±0.21
	30.07ᶜ±0.21
	50.10ᶠ±0.18
	70.07ʰ±0.21
	30ᶜ±0.02
	40ᵈ±0.02
	70ʰ±0.02
	70.02ʰ±0.02

	2 h
	−60ᵃ±0.03
	20.01ᵇ±0.02
	30.01ᶜ±0.02
	40.13ᵈ±0.24
	53.30ᵍ±0.10
	19.97ᵇ±0.06
	46.50ᵉ±0.10
	40ᵈ±0.03
	70h±0.02
	40.07ᵈ±0.21
	30.07ᶜ±0.21
	50.10ᶠ±0.18
	70.07ʰ±0.21
	30ᶜ±0.02
	40ᵈ±0.02
	70.00ʰ±0.02
	70.02ʰ±0.02

	4 h
	0.33ᵃ±0.58
	10.01ᵇ±0.02
	30.10ᵈ±0.18
	30.13ᵈ±0.24
	65.68ⁱ±0.59
	33.30ᵉ±0.10
	20.08ᶜ±0.11
	30ᵈ±0.03
	46.43ᵍ±0.15
	40.01ᶠ±0.02
	46.57ᵍ±0.15
	50ʰ±0.03
	46.57ᵍ±0.06
	19.93ᶜ±0.12
	66.50ʲ±0.10
	79.63ᵏ±0.64
	99.99ˡ±0.01

	6 h
	−19.97ᵃ±0.06
	−9.93ᵇ±0.12
	49.98ʰ±0.07
	50.09ʰ±0.18
	10.11ᶜ±0.17
	20ᵈ±0.03
	30ᵉ±0.03
	50ʰ±0.03
	60.02ʲ±0.02
	46.60ᵍ±0.10
	50h±0.03
	40ᶠ±0.03
	60ʲ±0.03
	20.02ᵈ±0.02
	70.01ᵏ±0.02
	80.02ˡ±0.02
	100ᵐ±0.01


 Values are means ± standard deviations of triplicate determinations. Means in the same column with different superscripts are significantly different at (p<0.05)
Table 7: Repellent rate of Orange – Peel at different Exposure Time
	Sample/Time
	CNT
	OP1
	OP2
	OP3
	OP4

	0.5 h
	0.33b±0.58
	-19.97a±0.06
	-20.01a±0.02
	0.67b±1.15
	-20.02a±0.02

	1 h
	-19.96c±0.05
	-40.01a±0.02
	-20.00c±0.02
	-40.00a±0.03
	-30.00b±0.02

	1.5 h
	-60.00a±0.03
	-39.98b±0.07
	-15.00d±0.03
	-30.01c±0.02
	20.01e±0.02

	2 h
	-20.00b±0.03
	-30.00a±0.02
	20.00d±0.02
	-3.34c±11.55
	40.00e±0.02

	4 h
	0.33c±0.58
	-19.97b±0.06
	-30.00a±0.03
	20.01d±0.03
	40.00e±0.03

	6 h
	-19.97a±0.06
	19.99d±0.01
	0.33b±0.58
	10.00c±0.02
	20.02d±0.02


Values are means ± standard deviations of triplicate determinations. Means in the same column with different superscripts are significantly different at (p<0.05).
Table 8: Repellent rate of Scent Leaf Extract at Different Exposure Time
	Sample/Time
	CNT
	SL1
	SL2
	SL3
	SL4

	0.5 h
	0.33a±0.58
	0.13a±0.15
	40.00b±0.02
	54.63c±0.55
	80.00d±0.03

	1 h
	-60.00a±0.03
	20.00b±0.02
	20.00b±0.02
	54.71c±0.53
	95.00d±0.02

	1.5 h
	-20.00a±0.03
	19.99b±0.01
	30.00c±0.03
	54.69d±0.56
	65.00e±0.03

	2 h
	0.33a±0.58
	30.02b±0.02
	50.06c±0.12
	60.00d±0.02
	74.97e±0.25

	4 h
	-19.97a±0.06
	15.00b±0.02
	29.64c±0.64
	39.98d±0.08
	65.07e±0.11


Values are means ± standard deviations of triplicate determinations. Means in the same column with different superscripts are significantly different at (p<0.05).
Table 9: Lethal Dose of Extracts against Cowpea Weevils
	Sample
	Time (h)
	LD10 (mg/mL)
	LD30 (mg/mL)
	LD50 (mg/mL)
	LD90 (mg/mL)
	LD99 (mg/mL)

	OP
	24
	9.24
	21.16
	37.45
	151.74
	478.19

	
	48
	6.14
	16.00
	30.81
	154.63
	560.76

	
	72
	5.61
	9.34
	13.24
	31.28
	63.3

	SL
	24
	6.45
	197.24
	2047.86
	650578.9
	5533501

	
	48
	0.41
	29.19
	543.13
	723935.71
	265033029

	
	72
	0.03
	1.66
	25.72
	21877.62
	5536050

	OP1SL(1-4)
	24
	10.55
	26.43
	49.55
	232.65
	827.18

	
	48
	7.75
	20.61
	38.53
		179.72



	635.62

	
	72
	6.69
	17.06
	32.39
	156.93
	572.53

	OP2SL(1-4)
	24
	12.90
	22.21
	32.21
	80.41
	170.29

	
	48
	8.88
	19.02
	32.05
	115.72
	331.74

	
	72
	8.38
	15.80
	24.37
	70.86
	170.06

	OP3SL(1-4)
	24
	6.46
	14.51
	25.52
	98.74
	302.27

	
	48
	5.93
	13.47
	23.64
	94.34
	293.63

	
	72
	7.62
	13.85
	20.85
	57.03
	130.92

	OP4SL(1-4)
	24
	2.05
	3.08
	4.06
	8.04
	14.06

	
	48
	0.11
	0.13
	0.14
	0.19
	0.24

	
	72
	0.043
	0.048
	0.515
	0.061
	0.071
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3.2. DISCUSSION 
[bookmark: _Toc237000637][bookmark: _Toc237003364]3.2.1. Mortality Induced by Orange Peel Ethanolic Extract (OP) against Callosobruchus maculatus
[bookmark: fnref1]Mortality rate of Callosobruchus maculatus increased with both concentration and exposure time with orange peel ethanolic extract (OP1–OP4) compared with the control (CNT) as shown in table 3. At 12 h, mortality in OP1 (3.32 ± 0.01) was not significantly different from the control (3.33 ± 0.01), whereas OP2, OP3 and OP4 showed significantly higher mortality (13.32 ± 0.01, 19.63 ± 0.55 and 26.65 ± 0.02, respectively). This pattern persisted through 24–48 h, with OP1 remaining statistically similar to the control up to 48 h, while OP3 and OP4 were significantly different from both the control and OP1 throughout the 12–84 h period. By 84 h, mortality in the highest concentration (OP4) reached 76.65 ± 0.03, significantly exceeding all other treatments, indicating a strong concentration and time dependent insecticidal effect of orange peel extract. The insecticidal effect of  The mortality rate of the orange peel ethanolic extract is similar to findings of Abdullahi et al., (2021) on the high mortality rate of acetonic and ethanolic extract of orange peel against Callosobruchus maculatus. 
[bookmark: mortality_induced_by_scent_leaf_e_1e73dc][bookmark: _Toc237003365]3.2.2. Mortality Induced by Scent Leaf Ethanolic Extract (SL) against Callosobruchus maculatus
[bookmark: fnref1_1]Scent leaf ethanolic extract (SL1–SL4) also induced concentration and time dependent mortality, but with generally higher efficacy than orange peel extract at comparable exposure times. All SL treatments were significantly different from the control from 12 h to 84 h, unlike OP1, which was initially similar to the control as shown in table 3 and 4. At 12 h, mortality ranged from 6.50 ± 0.50 (SL1) to 16.66 ± 0.01 (SL4), compared with 3.33 ± 0.01 in the control as shown in table 4. By 84 h, mortality in SL4 reached 79.98 ± 0.07, the highest among single extract treatments, suggesting that scent leaf extract possesses stronger inherent insecticidal activity under the conditions tested similar to studies by Okwuonu et al., (2023) reported the highest mortality against Sitophilus zeamais occurred at 750 mg/mL (95.56%). Plata-Rueda et al., (2020) reported that insecticidal effect of lemon grass oil against Sitophilus granarius Linnaeus could be due to the synergism of components and their ability to penetrate the insect body or through the respiratory system. The increase in mortality rate at higher concentration of orange peel-scent leaf extract is similar to findings by Gever et al., (2026) on the increased mortality caused by the higher concentrations of moringa and neem leaf powders with increased effectiveness over the seven days against Callosobruchus maculatus, eventually achieving mortality rates comparable to those of the synthetic treatment. 
[bookmark: mortality_induced_by_combined_ora_60704f][bookmark: _Toc237003366]3.2.3. Mortality Induced by Combined Orange Peel and Scent Leaf Extracts (OPSL) against Callosobruchus maculatus
[bookmark: fnref1_2]From table 5 combined treatments (OPSL), comprising different ratios of orange peel and scent leaf extracts (OP1SL1 to OP4SL4), produced markedly higher mortality than either extract alone. At 12 h, mortality in the lowest combination (OP1SL1) was already 10.12 ± 0.16, significantly above the control (3.33 ± 0.01), and increased progressively across the ratio series to 83.32 ± 0.01 in OP4SL4. This concentration dependent trend as maintained at all subsequent time points, with mortality in OP4SL4 reaching 99.83 ± 0.21 at 48 h, 100.00 ± 0.01 at 72 h, and remaining at 100% at 84 h. Several of the higher ratio combinations (e.g. OP3SL4, OP4SL3, OP4SL4) achieved ≥ 90% mortality by 60–72 h, indicating that the mixture acted more rapidly and more completely than the individual extracts. The increase in mortality with increase in concentration of the combined extract is similar to studies by Sharma et al., (2025) reported the increase in mortality of aphid with increase in the concentration of the combined extract of  A.  marmelos and  M. piperita. (Abdullahi et al., 2021)
[bookmark: repellency_induced_by_orange_peel_3f2d20][bookmark: _Toc237000638][bookmark: _Toc237003367]3.3.1. Repellency Induced by Orange Peel and Scent Leaf Extracts against Callosobruchus maculatus
[bookmark: fnref1_3][bookmark: repellency_induced_by_combined_ex_f5432c][bookmark: _Toc237000639][bookmark: _Toc237003368]Repellency responses varied with the different extract, concentration and exposure time as shown in table 7 and 8. Orange peel extract alone showed inconsistent repellency, with negative values at some time points (e.g. −19.97 to −40.01 at 0.5–1 h), suggesting weak or even attractive effects at certain doses and times, whereas higher concentrations of OP4 and later times showed positive repellency (up to 40.00 at 2–6 h). The negative repellent effect of orange peel essential oil is  similar to findings by Kidane, (2011) who reported a lower repellent effect as compare to mortality effect of orange peel essential oil against Sitophillus zeamais Motsch. Zewde & Jembere, (2010) reported low repellency rate of orange peel oil with conclusion that the bioactive component responsible for repellency differs from that of mortality. In contrast, scent leaf extract displayed more consistent and stronger repellency, with SL4 producing 80.00 ± 0.03 at 0.5 h, 95.00 ± 0.02 at 1.5 h and 74.97 ± 0.25 at 4 h, all significantly above the control. This indicates that scent leaf extract is a more reliable repellent than orange peel extract when used singly.
3.3.2. Repellency Induced by Combined Extracts (OPSL) against Callosobruchus maculatus
[bookmark: _GoBack]The OPSL combinations generally showed stronger and faster repellency than either extract alone. At 0.5 h, several combinations already produced high repellency, with values such as 50.00, 60.14, and 70.00 and up to 100.00 in different ratio treatments, compared with 0.33 ± 0.58 in the control. At 1 h and 1.5 h, many mixtures maintained high repellent activity (e.g. 66.50, 70.00, 90.00), and by 4–6 h, the highest ratios reached 99.99–100.00 repellency. From table 6 OP4SL4 achieved a near complete repellency of about 90±0.03 % at 1 h of application. The combination aside increasing magnitude of repellency but increased the onset. The further increase in repellence rate shows the strong effect of the bioactive compound at such concentration and effect of exposure time to the extract on the Callosobruchus maculatus similar to studies by Gitahi et al., (2021) on organic leaf extracts of Tithonia diversifolia and Vernonia lasiopus on S. zeamais.with a repellency effect of 26 % to 90 %. 
[bookmark: _Toc237000640][bookmark: _Toc237003369]3.4. Lethal Dose of Extract against Cowpea Weevils 
The results in the table 9 show clear differences in toxicity among the tested samples and across exposure periods, as reflected by the estimated lethal doses LD10, LD30, LD50, LD90, and LD99. In general, lower LD values indicate greater toxic potency because a smaller concentration is required to achieve a given level of mortality. Thus, the samples with the lowest LD values at a given time point can be considered the most effective, while those with very high LD values show comparatively weaker toxic action. The pattern observed across 24, 48, and 72 hours suggests that both exposure duration and sample composition strongly influenced insecticidal activity.
For OP the LD values decreased notably with time, especially by 72 hours. At 24 hours, the LD50 was 37.45 mg/mL, which declined to 30.81 mg/mL at 48 hours and further to 13.24 mg/mL at 72 hours. A similar trend was seen for LD90 and LD99, which also reduced substantially by 72 hours. This indicates that OP became more effective with prolonged exposure, suggesting a cumulative toxic effect. The reduction in lethal doses over time may imply slower onset toxicity but increasing effectiveness as exposure continued similar to findings by Zouirech et al., (2023) reporting decrease in lethal dose due to increased concentration and exposure time. Findings by Bayang Wangkague et al., (2024) reported the LD50 of the most effective fraction of orange peel powder as 2.37 ± 0.53 g/kg in 96 hours against Sitophilus Zeamais.
.
The SL sample showed a very unusual pattern, with extremely high LD estimates at 24 and 48 h, particularly for LD90 and LD99, which reached extremely large values. Such values suggest weak toxicity or an unstable dose-response relationship at those time points. However, by 72 hours, there was a sharp reduction in LD values, especially LD50 (25.72 mg/mL) and LD30 (1.66 mg/mL), indicating an improvement in activity over time. Even so, the very high LD90 and LD99 values at 72 hours still suggest that SL reflect variability in the bioactive compounds, poor contact toxicity, or delayed action.
The combination OP1SL(1-4) produced moderate toxic effects, with LD values decreasing gradually across the exposure periods. The LD50 declined from 49.55 mg/mL at 24 hours to 38.53 mg/mL at 48 hours and 32.39 mg/mL at 72 hours. This pattern suggests that the mixture had some insecticidal activity, but its potency was lower than that of the strongest treatment combinations. The gradual decline over time indicates a time-dependent effect, but the reduction was not as pronounced as in the more active samples. This may mean that the combination improved activity relative to some single treatments, but not enough to produce very strong lethality.
The OP2SL(1-4) sample performed better than OP1SL(1-4), especially at 72 hours. Its LD50 values dropped from 32.21 mg/mL at 24 hours to 24.37 mg/mL at 72 hours, while LD90 also declined from 80.41 mg/mL to 70.86 mg/mL. These results indicate better toxicity than OP1SL(1-4), suggesting that the proportion or interaction of components in OP2SL(1-4) may have enhanced biological activity. The lower lethal doses at longer exposure periods also support the idea of cumulative or delayed toxic effects.
The OP3SL(1-4) treatment showed a relatively consistent toxic response across the time intervals, with LD50 values of 25.52, 23.64, and 20.85 mg/mL at 24, 48, and 72 hours, respectively. This trend indicates moderate to good potency and a steady increase in effectiveness over time. Compared with OP1SL(1-4) and OP2SL(1-4), OP3SL(1-4) generally appears more toxic, especially at 72 hours where the LD50 was lower than both OP1SL(1-4) and OP2SL(1-4). This suggests that the formulation may have contained a more favourable balance of active constituents. Ajayi et al., (2018) reported that more toxic effect of synergy of ethanolic extracts of Z. officinale over M. oleifera against Callosobruchus Chinensis of which may be because of one of the extract preventing the detoxification of the other or enhance the absorption when mixed perfectly. 
[bookmark: _Toc237000642][bookmark: _Toc237003371]The most striking result was observed in OP4SL(1-4), which consistently showed the lowest LD values across all exposure periods. At 24 hours, the LD50 was 4.06 mg/mL, and this dropped further to 0.14 mg/mL at 48 hours and 0.515 mg/mL at 72 hours. The LD10, LD30, LD90, and LD99 values were also extremely low, indicating very high potency. This clearly demonstrates that OP4SL(1-4) was the most effective treatment among all the samples tested. The decrease in lethal doses with combination of OP and SL with OP4SL(1-4) having least lethal doses suggest strong bioactivity; rapid toxic action; and high susceptibility against Callosobruchus maculatus. This finding is similar to studies by Alia et al., (2026) reporting a decrease in the LD50 with combination of Sonchus maritimus L. and Cynanchum acutum L. extracts at 24 h and 48 h as compared to the individual extracts. 
4.0. Conclusion 
[bookmark: _Toc237000643][bookmark: _Toc237003372]4.1. Conclusion
Scent leaf extract had more yield than orange peel extract of same weight. 
Scent leaf ethanolic extract had more insecticidal and repellent effect on Callosobruchus maculatus than orange peel extract of same concentration. The repellency of the combined ethanolic extract increased due to the increase in the concentration of the scent leaf ethanolic extract as seen in table 6 resulting to more effect that is repellent across same orange peel ratio. Orange peel ethanolic extract showed a negative repellent except OP4 at 1.5 h to 6 h and OP1, OP2, OP3, by 6 h.
The combined ratio of the orange peel-scent leaf ethanolic extract resulted to an increase in the mortality and repellent effect on Callosobrochus maculatus with every successive increase in concentration with OP4SL4 resulting to a 100.00 ± 0.01 at 72 h, and remaining at 100% at 84 h. At 4 h after exposure of the different concentration to the Callosobruchus maculatus OP4SL4 had 99.99 ± 0.01 and 100 ± 0.01 by 6 h.
[bookmark: _Toc237000644][bookmark: _Toc237003373]Despite the higher mortality and repellent effect of scent leaf ethanolic extract to orange peel ethanolic extract because of other uses of scent leaf, a combination will require less doses as reflected from table 9, which inferred that the combined extract had lesser lethal dose of 30%, 50%, 90%, 95% and 99%. OP4SL(1-4) having least lethal doses making it the most effective insecticidal extract concentration. 
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