


Efficacy of Acanthus montanus extracts as protectants of maize grains against maize weevil, Sitophilus zeamais (Motschulsky 1855) [Coleoptera: Curculionidae]

ABSTRACTS
 The insecticidal activity of Acanthus montanus leaf extracts against maize weevil, Sitophilus zeamais, was examined using different extraction solvents, including methanol, ethanol, water, acetone, petroleum ether, and n-hexane. The extracts were evaluated for their effects on weevil mortality, oviposition, and adult emergence, as well as their capacity to protect maize grains during prolonged storage. The results showed that weevil mortality increased with longer exposure to the extracts. The ethanol extract was the most effective, causing 100% mortality at eight day after treatment, a value significantly higher than those recorded for n-hexane (83.20%), petroleum ether (84.25%), acetone (80.15%), steam distillate (94.25%), and methanol (88.50%) extracts. All A. montanus extracts significantly reduced oviposition and adult emergence of S. zeamais. In terms of grain protection, all solvent extracts provided more than 100% protection to treated maize grains, except for the n-hexane and steam distillate treatments, which recorded grain damage levels of 6.40% and 5.50%, respectively. The treatments did not adversely affect seed viability, as high germination rates were recorded in all treated grains. Maize grains treated with n-hexane extract showed 100% germination, followed by methanol (95.75%), petroleum ether (90.50%), ethanol (90.0%), and steam distillate (80.15%). Overall, the findings indicate that A. montanus leaf extracts are highly effective in managing S. zeamais infestations in stored maize and could serve as an environmentally friendly alternative to synthetic insecticides.
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INTRODUCTION
Maize (Zea mays L.) is one of the most important cereal crops widely cultivated during the rainy season in West Africa, particularly in Nigeria. It is a staple food crop and ranks among the leading cereal grains consumed after rice, sorghum, and millet [1-3] Globally, maize contributes significantly to human nutrition, accounting for approximately 20% of total caloric intake, making it one of the highest sources of dietary energy, ahead of rice and wheat [4] In Nigeria, maize is produced annually in large quantities, mostly by smallholder farmers, often exceeding immediate consumption needs and market demand. However, substantial post-harvest losses occur due to poor storage facilities and infestation by insect pests, particularly storage weevils such as Sitophilus species. Its infestation has been widely recognized as a significant constraint to food security in sub-Saharan Africa [5]. Post-harvest losses attributed to S. zeamais infestation can range from 20–30% within three months of on-farm storage under traditional storage systems [6]. Infestation by maize weevil results in both qualitative and quantitative losses, including reduced grain weight, deterioration in nutritional quality, poor seed viability, and low market value [7, 8]. For decades, synthetic chemical insecticides have been widely used to manage S. zeamais and other stored-product pests, particularly in large-scale grain storage systems [9]. However, their continued use has been challenged by high cost, accumulation of toxic residues in food, development of pest resistance, destruction of beneficial organisms, and adverse effects on human health and the environment [10]
In response to these challenges, recent research has increasingly focused on the use of botanical materials, including plant powders, extracts, and essential oils, as alternative pest control strategies [11, 12]. Botanical insecticides are considered safer, biodegradable, and environmentally friendly, with minimal adverse effects on non-target organisms compared to synthetic chemicals. Many plant-derived products used in grain protection have been reported to be safe for human consumption and compatible with traditional storage practices [12, 13]
Acanthus montanus is a fast-growing evergreen perennial herb of the family Acanthaceae, commonly known as mountain thistle or alligator plant. It has been identified as a threatened and underutilized vegetable species in Africa, particularly regarding its insecticidal potential, possibly due to its highly perishable nature [14].						Comment by DR.Ahmed Saker 2o1O: Add more references concerning its eco-friendly pest control role
Information on the use of A. montanus as a botanical protectant of stored maize against the maize weevil, Sitophilus zeamais remains limited. Therefore, this study aims to evaluate the bio-insecticidal efficacy of leaf powders and extracts of A. montanus as ecologically friendly protectants against adult S. zeamais in stored maize. 	Comment by DR.Ahmed Saker 2o1O: Improve the aims part and put a research problem and hypothesis
MATERIALS AND METHODS
Collection and Preparation of Acanthus montanus Leaf Powder
Fresh leaves of Acanthus montanus were collected from a farmland in Olorunsogo Community, Ado-Ekiti, Ekiti State, Nigeria. The leaves were washed thoroughly with tap water, drained, and air-dried under laboratory conditions. The dried leaves were then pulverized into a fine powder using an electric Binatone 1.5 Liters blender (Model BLG-401). The resulting powder was packed in airtight containers, and stored until required for use.
Preparation of A.  montanus Leaf Extracts
Extraction was carried out using methanol, ethanol, water, acetone, petroleum ether, and n-hexane as solvents. One hundred grams (100 g) of the powdered plant material was separately weighed, wrapped in muslin cloth, placed in a thimble, and extracted with 250 mL of each solvent using a Soxhlet apparatus. Extraction was conducted at temperatures ranging from 40-60 °C. Steam distillation was performed using the steam distillation method. Excess solvent was recovered under reduced pressure using a rotary vacuum evaporator, and the resulting extracts were further air-dried to remove residual solvent. The extracts were properly labeled and stored as stock solutions until needed.
Collection of Maize Grains
Maize grains used in this study were obtained from newly harvested, insecticide-free maize at a farm in Omuo, Ekiti East Local Government Area, Ekiti State, Nigeria. The grains were disinfested by freezing at -6 °C for 72 h to eliminate any existing insect eggs and larvae. Thereafter, the grains were air-dried in the laboratory for three days to prevent mold development.
Effects of A. montanus Leaf Extracts on the Mortality of S. zeamais
The effect of A. montanus leaf extracts on the mortality of S. zeamais was assessed by treating 20 g of clean, disinfested maize grains with 0.5 mL of ethanol leaf extract in a 9 cm diameter Petri dish. The treated grains were air-dried for 1 h, after which 20 adult S. zeamais (0-7 days old) were introduced into each dish. Untreated maize grains served as the control. The same procedure was repeated using leaf extracts prepared with methanol, distilled water, acetone, petroleum ether, and n-hexane. Treatments were arranged in a completely randomized design with four replicates. Weevil mortality was recorded at 2-day intervals over an 8-day period by counting dead insects. Insects were considered dead if no movement was observed following gentle probing of the abdomen with a sharp object.
Effects of A. montanus Leaf Extracts on Oviposition by S. zeamais
Twenty grams (20 g) of clean, disinfested maize grains were placed in each Petri dish and treated with 0.5 mL of one of the six A. montanus leaf extracts. The grains were thoroughly mixed with the extract and air-dried, after which a copulating pair of newly emerged (0-24 h old) adult S. zeamais was introduced into each dish. The dishes were then covered, while untreated maize grains served as the control. Each treatment (n-hexane, acetone, petroleum ether, methanol, ethanol, or steam distillate leaf extract) and the control were replicated four times. The experimental setup was maintained under laboratory conditions for seven (7) days. After this period, oviposition was assessed by counting the total number of eggs laid, identified as egg plugs following staining with acid fuchsin dye solution [15].
Assessment of Grain Damage Following Treatment with A. montanus Leaf Extracts
Fifty (50) clean maize grains were placed in transparent plastic containers (15 cm diameter × 18 cm depth) and treated with 1.0 mL of each A. montanus leaf extract. Ten copulating pairs of adult S. zeamais were introduced into each container, while untreated maize grains served as the control. The containers were covered with muslin cloth secured with rubber bands. Treatments were arranged in a completely randomized design with four replicates and maintained under laboratory conditions for 90 days. At the end of the storage period, grain damage was evaluated and recorded using the method described by [16].
Effect of A. montanus Leaf Extracts on the Germination of Maize Grains
Twenty grams (20 g) of clean maize grains were weighed into transparent plastic containers and treated with 0.5 mL of each A. montanus leaf extract, after which the grains were air-dried. Four replicates were prepared for each solvent extract, while four replicate samples of untreated maize grains served as the control. The containers were covered and stored under laboratory conditions for 90 days. Thereafter, the grains were treated with Apron Plus to prevent fungal contamination. Ten grains were randomly selected from each treatment and placed on moistened filter paper in 9 cm diameter Petri dishes. Germination was subsequently assessed and expressed as a percentage of the total number of grains planted.
Data Analysis
The data obtained were subjected to one-way analysis of variance (ANOVA) at the 0.05 level of significance. Differences among treatment means were separated using Duncan’s New Multiple Range Test.
RESULTS
Effect of A. montanus Leaf Extracts on the Mortality of S. zeamais
Mortality of S. zeamais in maize grains treated with different solvent extracts of A. montanus was significantly higher (P ≤ 0.05) than that observed in the untreated (control) grains (Table 1). Adult weevil mortality increased with increasing duration of exposure to the extracts. The highest mortality (100%) was recorded in maize grains treated with the ethanol extract at 8 days post-treatment, and this value was significantly higher than the mortality recorded for n-hexane (83.20%), petroleum ether (84.25%), acetone (80.15%), steam distillate (94.25%), and methanol (88.50%) extracts.
Effect of A. montanus Leaf Extracts on Oviposition and Adult Emergence of S. zeamais
All solvent extracts of A. montanus leaves evaluated in this study resulted in a reduction in the number of eggs laid by S. zeamais (Table 2). Oviposition was significantly lower (P ≤ 0.05) in extract-treated maize grains compared with the untreated (control) grains. However, no significant difference (P ≤ 0.05) was observed in the number of eggs laid on grains treated with n-hexane, petroleum ether, and acetone leaf extracts. Adult emergence was highest (78.50%) in the untreated maize grains, whereas no adult S. zeamais emergence was recorded in grains treated with steam distillate, methanol, and ethanol extracts.
Protection of Maize Grains Using A. montanus Leaf Extracts
The petroleum ether, acetone, methanol, and ethanol leaf extracts of A. montanus completely prevented infestation and subsequent damage to maize grains over a 90-day storage period (Table 3). No grain damage or weight loss was recorded, and the Weevil Perforation Index (WPI) was zero in grains treated with these extracts. In contrast, the control treatment recorded 73.07% grain damage and an 18.50% weight loss. Feeding activities of both larval and adult stages of S. zeamais in the control treatment resulted in a significant (P ≤ 0.05) reduction in grain weight compared with the treated grains. The n-hexane extract and steam distillate also significantly reduced grain infestation, although not to the same extent as the other extracts.
Effect of A. motanus on the viability treated grains
The percentage of maize grains that germinated after treatment with 0.5% mL of A. motanus leaf extracts are presented in Table 4. By the 7th day of germination period, all the treated grains showed high viability. The untreated maize grains and maize grains treated with n-hexane extract recorded 100% germination, followed by the grains treated with methanol (95.75%), pet-ether, (90.50%), ethanol (90.0 %) and steam distillate (80.15%) germination respectively. The percentage germination of pet-ether (90.50%) and ethanol (90.0%) are not significantly different (p ≤ 0.05). 


Table 1: Mortality of adult S. zeamais in maize grains treated with different solvent leaf extracts of A. montanus
	 
	         Percentage
	Mortality at days
	post-treatment
	

	0.5%mL Leaf extracts
	2
	    4
	6	
	8

	Untreated 
	  0.00 ± 0.00f
	    0.00 ± 0.00f
	0.00 ± 0.00g
	    0.00 ± 0.00f

	n-hexane 
	21.10 ± 1.51d 
	    41.50 ± 2.33c
	66.15 ± 2.81d
	  83.20 ± 3.42d

	Pet-ether
	17.35 ± 1.14e
	    39.23 ± 2.51d
	59.15 ± 2.92e
	  84.25 ± 3.33d

	Acetone
	14.60 ± 0.88ef
	    31.50 ± 2.08e
	54.25 ± 2.10f	
	  80.15 ± 4.13e

	Steam distillate
	23.30 ± 1.77c
	    53.35 ± 2.23a
	81.70 ± 4.23b
	  94.25 ± 4.25b

	Methanol
	28.20 ± 2.13b
	    48.10 ± 2.15b
	73.15 ± 3.12c
	  88.50 ± 4.36c

	Ethanol
	33.55 ± 1.37a	
	    54.50 ± 3.21a
	85.45 ± 4.17a
	100.00 ± 0.00a


Means within the same column followed by the same letter(s) are not significantly different (P ≤ 0.05) using New Duncan`s Multiple Range Test. 

Table 2: Effect of A. montanus leaf extracts on oviposition and adult emergence of S. zeamais
	0.5 mL Leaf extracts
	No. of eggs 	
	% adult emergence

	Untreated 
n-hexane
	38.25 ± 1.31a
19.15 ± 1.16b
	78.50 ± 4.07a
16.10 ± 1.22b

	Pet-ether
	18.20 ± 1.12b
	12.30 ± 0.68c 	

	Acetone	
	17.50 ± 1.1c
	13.40 ± 1.13c

	Steam distillate
	  6.20 ± 1.11d
	  0.00 ± 0.00d

	Methanol
	  5.25 ± 0.83d
	  0.00 ± 0.00d

	Ethanol
	  0.00 ± 2.53e
	  0.00 ± 0.00d


Means within the same column followed by the same letter(s) are not significantly different (P ≤ 0.05) using New Duncan`s Multiple Range Test.





Table 3. Effects of A. montanus leaf extracts on long term storage of maize grain.

	Extract of A. montanus (1.0 mL)
	Mean total no  of grains
	Mean number of damaged grains
	Mean % grains damage
	 Mean % weight loss
	Weevil Perforation Index

	Untreated
	189.20
	    138.25 +  3.28a
	 73.07 + 3.33a
	  18.50 + 1.15a
	   50.00 + 0.00a

	n-hexane
	190.15
	     12.10 +  0.78b
	 6.40 + 0.00b
	  5.25 + 0.34b
	   0.00 + 0.00b

	Pet-ether
	192.35
	       0.00 +  0.00c
	 0.00 + 0.00c
	  0.00 + 0.00c
	   0.00 + 0.00b

	Acetone
	188.10
	       0.00 +  0.00c
	 0.00 + 0.00c
	  0.00 + 0.00c
	   0.00 + 0.00b

	Steam distillate
	192.50
	     10.50 +  0.82c
	 5.50 + 0.27b
	  4.15 + 0.22b
	   0.00 + 0.00b

	Methanol
	193.25
	       0.00 +  0.00c
	   0.00 + 0.00c
	    0.00 +  0.00c 
	     0.00 + 0.00b

	Ethanol
	191.20
	       0.00 +  0.00c
	 0.00 + 0.00c
	  0.00 + 0.00c
	   0.00 + 0.00b


Means within the same column followed by the same letter(s) are not significantly different (P ≤ 0.05) using New Duncan`s Multiple Range Test.

Table 4: Percentage germination maize grains that were previously protected for 90 days with 0.5 mL A. montanus leaf extracts
	 Leaf extracts
	Mean percentage germination

	Untreated (Control)
	  100.00 ± 0.00a

	n-hexane
	  100.00 ± 0.00a

	Pet-ether
	    90.50 ± 3.54c

	Acetone
	    85.25 ± 4.36bd

	Steam distillate
	    80.15 ± 3.19e

	Methanol
	    95.75 ± 4.08b

	Ethanol
	    90.00 ± 3.53c


Means within the same column followed by the same letter(s) are not significantly different (P ≤ 0.05) using New Duncan`s Multiple Range Test.
DISCUSSION
The results of this study showed that A. montanus leaf extracts caused high mortality of S. zeamais in treated maize grains. Among the extracts evaluated, the ethanol leaf extract was the most effective, recording 100% mortality of S. zeamais at a concentration of 0.5 mL within 8 days of treatment. The enhanced efficacy of plant-derived insecticides has been linked to the use of appropriate extraction solvents, which can improve the recovery of bioactive compounds [17]. Plant extracts are generally lipophilic, a property that facilitates their penetration through the insect cuticle [18]. [19] Further noted that the insecticidal effectiveness of plant extracts depends largely on the type and concentration of their active constituents. These bioactive compounds usually occur as complex mixtures in plant extracts, or oils and include monoterpenes, sesquiterpenes, and related phenolic compounds. Such compounds exert toxic effects by inhibiting acetylcholinesterase activity [20], disrupting the neuromodulatory function of octopamine, and ultimately causing insect mortality [21].
The findings of this study are consistent with those of [20], who reported the effectiveness of ethanol extracts of Monodora myristica in protecting cowpea against Callosobruchus maculatus. In addition, the insecticidal activity of A. montanus leaf extracts against S. zeamais may be attributed to contact toxicity. Insects respire through spiracles connected to the tracheal system, and the oily nature of the extracts may block these openings, leading to respiratory failure and death [1, 22].
Oviposition by female S. zeamais was significantly reduced (p ≤ 0.05) in maize grains treated with A. montanus leaf extracts compared with untreated grains. Also, adult emergence was completely suppressed after 30 days of exposure to the extracts. The ability of plant extracts to reduce or completely inhibit oviposition, suppress adult emergence, and cause mortality of developmental stages in coleopteran pests has been widely documented [22]. The extracts may also have impaired beetle mobility, thereby disrupting mating activities and reducing fecundity. In addition, the oily coating on treated grains may prevent eggs from adhering properly, contributing to egg mortality and reduced post-emergence survival.	Comment by DR.Ahmed Saker 2o1O: Add more references – before each full stop there must be a reference
Several studies have demonstrated that plant extracts can effectively protect stored grains from beetle infestation over extended storage periods. In the present study, all solvent extracts of A. montanus provided over 100% protection to treated maize grains, except the n-hexane and steam distillate extracts, which recorded 6.40% and 5.50% grain damage, respectively.
Overall, the findings of this study confirm that A. montanus leaf extracts, particularly the ethanol extract, are highly effective in controlling S. zeamais populations in stored maize. These extracts could therefore serve as a viable alternative to conventional synthetic insecticides, especially for resource-poor farmers who store small quantities of grains for consumption, sale, or planting.
[bookmark: _GoBack]CONCLUSION
In conclusion, Acanthus montanus leaf extracts exhibit strong insecticidal activity against S. zeamais, effectively reducing mortality, oviposition, and adult emergence, while providing complete protection to maize grains during storage. Ethanol extracts displayed the highest efficacy, though all tested extracts offered substantial protection. Importantly, seed viability was not significantly affected, indicating that these extracts are suitable for post-harvest pest management. Further studies focused on isolating and characterizing the active compounds could facilitate the development of standardized, plant-based insecticidal formulations for practical application in grain storage 
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