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ABSTRACT: Laboratory studies aimed at assessing the efficacy of leaf powders and ethanol extracts of 

Azadirachta indica, Ocimum gratissimum and Dracaena arborea applied at various concentrations of 10-50 in 

controlling the nymphs of Periplaneta americana through contact toxicity test via filter paper and by topical 

application with five replications. The results showed significant differences (p≤0.05) between the treatments and the 

controls with mean mortality values from leaf powder as: 00 (control): 0.5±0.20, 0.6±0.20, 0.5±0.20; 10g: 9.8±2.60, 

9.5±2.60, 5.3±1.80; 20g: 14.5±3.30, 12.8±2.90, 7.0±2.30; 30g: 17.8±3.60, 15.5±3.30, 8.8±2.60; 40g: 20.3±2.90, 

17.0±3.60, 10.3±2.60, 50g: 23.5±4.10, 22.0±3.90, 12.5±2.90; Contact toxicity by topical application of ethanolic 

extracts gave control: 0.6±0.20, 0.25±0.1, 0.6±0.20; 10ml: 16.3±3.40, 12.0±2.80, 10.3±2.60; 20ml: 19.5±3.60, 

16.3±3.40, 12.8±2.90; 30ml: 23.3±4.00, 19.3±3.80, 14.5±3.30; 40ml: 26.5±4.60, 22.3±3.90, 17.0±3.60, 50ml: 

27.3±4.60, 24.8±4.20, 21.3±3.90 while contact toxicity on filter paper, recorded mortality values of control: 

0.6±0.20, 0.0±0.00, 0.6±0.20; 10ml: 16.5±3.50, 12.0±2.80, 9.8±2.60; 20ml: 19.0±3.80, 17.0±3.60, 12.0±2.80; 30ml: 

24.0±4.20, 19.3±3.80, 14.3±3.30; 40ml: 26.0±4.60, 20.8±3.90, 16.5±3.50, 50ml: 27.0±4.60, 25.0±4.30, 21.0±3.90 

respectively for A. indica, O. gratissimum and D. arborea treatments. All treatments proved effective and nymph 

mortality was concentration dependent, however A. indica ethanolic extract treatments were most significantly 

bioactive. Phytochemical screening revealed the presence of active ingredients such as saponins, alkaloids, tannins, 

glycosides, flavonoids, terpenoids and phenols with larvicidal and insecticidal properties when utilized in powder or 

extract forms. Finally, botanicals as reported by literature, have no toxic effects on man, are eco-environmental 

friendly and locally available, hence should be utilized in biological pest management practices and control systems. 

Keywords: Azadirachta indica, Ocimum gratissimum, Dracaena arborea, Periplaneta americana, Nymphs, 

Mortality, Contact Toxicity. 

 

1. INTRODUCTION 
Cockroaches are the most abundant insect pest of public health importance; they infest hospitals, food 

manufacturing industries, kitchens and residential apartments [1, 2]. Cockroach (Periplanata americana) 

infestation has always raised safety concerns, especially as carriers of food-borne pathogens and food 

spoilage organisms [3]. As they feed on materials, cockroaches leave filth and secrete offensive and 

sickening oily liquid having odour that ruin food [4]. Cockroaches feed on human excreta as well as 

human food, thus are potential transmitters of diseases such as dysentery, typhoid, cholera and other food-

borne infections which have been experimentally confirmed [3-6]. Dust containing cockroach excreta 

triggers allergic reaction such as wheezing in many individuals, making it particularly harmful to 

asthmatic patients [7].  A robust association has been established between the presence of cockroaches 

and increase in the severity of asthma symptoms in individuals sensitive to cockroach allergen [8-10]. Not 

only do cockroaches present variety of health hazard when found in our homes, but are also a threat in 

commercial places, spreading diseases through any food source hence cause food poisoning as they come 

in contact with food [8, 10]. About twenty two species of bacteria, viruses, fungi, protozoa and five 

species of worms have been reportedly isolated from the body of P. americana [11]. Cockroaches are 
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confirmed as vectors of poliomyelitis virus, enteropathogenic bacteria, amoeba cyst, eggs of worms and 

the fungus Aspergillus species [12]. The ancient man had deployed different methods of control, including 

prayers, magic spells, cultivation systems, mechanical practices as well as application of organic and 

inorganic substances [13] including pesticides, with developing countries and Nigeria in particular been 

faced with the most challenges in achieving the sound management of pests. However, the best pest 

control method is that which is non-toxic and environment friendly, hence the use of natural plant 

parts/products as bio-pesticides to overcome the problems of synthetic chemical hazards, is considered the 

best control measure which has become popular due to their degradability, least persistence and least 

toxicity to non- target organisms, economical and easy availability [14]. About two hundred plants with 

insecticidal properties including neem have proven successful in the control of over five hundred and fifty 

insect species in the orders Dictyoptera (cockroaches and mantis), Coleopera, Isoptera, Homoptera, 

Heteroptera, Diptera, Orthoptera and others [15] [16]. Evidences abound that botanical pesticides are 

generally safe and effective [17], their use in Nigeria as in other parts of Africa is still hampered by some 

challenges such as most data gathered are obtained from laboratory trials; field data are rare. There is still 

hardly any developed appropriate technology for the application of botanicals, especially the oil and dust 

formulations [18]. Also compared with synthetic insecticides, the effects of natural insecticides are short-

lived thus frequent applications are required to obtain reasonable degree of control. Furthermore, bio 

pesticide formulations are yet to be available in usable forms to farmers in commercial quantities so as to 

serve as alternatives to synthetic pesticide.  

 
Plate 1. Life cycle of the American cockroach (P. americana) showing nymphs 

 
       Source: Authors 
 

1.1. Statement of Problem 
Owing to the problems associated with the usage of the first to third generations of pesticides on 

human health, animals and the environment, researchers over the years delved towards the discovery of 

the fourth generation of pesticides which is plant and plant products based (termed biopesticides) for the 

control of insect pests of field, storage, domestic and structural importance. 

Plant active ingredients called phytochemicals are now been screened, extracted, identified, 

discovered and developed into formulations designed specifically for the control of insect pests. 

According [16, 19], these plant derived products are bio degradable, target specific, eco-friendly, 

inexpensive, locally available, and generally safe, thus offering potential for quality and effective control 

of insect pests, hence the rationale behind this research since P. americana is a target specie for control as 

reported by [20] indicting it as food spoilage organism, vector of pathogenic organisms of human 

diseases, triggers of allergies and asthmatic attacks in sufferers, destruction of valuable assets with its 

filthy oily discharge and its offensive smell amongst others. However, the development and or availability 

of these plants and plant products in commercial quantities especially in Africa in general and Nigeria 

specifically is lacking, hence absolute reliance on information and products from the United States of 

America, Also, information if available locally are based on laboratory trials rather than field tests and 

research due to the absence of branded products sold commercially. 
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Therefore, in response to the above problems, this study seeks to use the extract forms (leaves) of 

the test plants Azadirachta indica, O. gratissimum and Dracaena. arborea in controlling adult P. 

americana. Furthermore, to identify, extract and screen the test plants qualitatively for phytochemicals. 

Finally, to recommend that the active ingredients (secondary metabolites or phytochemicals) identified 

from these plants be discovered, developed, and branded into biopesticide formulations that can be readily 

commercialized for sales to the teeming populace who are in dare desperation of controlling the menace 

associated with P. americana infestation in homes, hotels, hospitals and food preparation areas. 

Neem tree, A. indica Juss of the Meliaceae family, is a tropical evergreen plant related to mahogany 

and found in tropical nations [21-23]. It originated from South East Asia and is very well known world-

wide because of its biological control properties [24]. The name is derived from the Persian word 

Azadiracta meaning noble tree. Neem is cultivated in many regions of Africa, Australia and Latin 

America, because it adapts very well to the soil and semi-arid climates in tropical and sub-tropical 

countries [16]. Its medicinal properties present a potential for treating animals and humans. The specific 

use of Neem in India for natural crop potential has extended world-wide over the past number of years, 

including a great number of countries where it is being sold commercially [25]. The production of 

insecticides of Neem leaves can be done in a relatively simple, artisanal way or else as an industrial 

process. Studies indicate that the active substances of Neem (Azadirachtin, Salannin, Nimbin, Nimbidin 

and Meliantriol) have repellent, antifeedant and insecticidal effects against a number of insect pests [16, 

26-28]. Upon ingestion, they have a very special effect on the metamorphosis of insects, preventing their 

growth and development. These substances are not toxic to human beings, mammals, birds, reptiles and 

fishes when applied in the indicated concentrations and do not affect the beneficial flora or fauna in the 

cultivated fields [16].  

A. indica pesticides play vital roles in pest management and hence have been widely used in 

Agriculture for its safety and efficacy as biopesticides [29, 30]. There has been evident shift all over the 

world from synthetic pesticides to non-synthetic ones; largely due to the wide spread awareness of the 

side effects of these synthetic pesticides on plants, soil and other living organisms. Neem oil is a naturally 

occurring pesticide found in seeds from the neem tree. It is yellow to brown, has a bitter taste, and a 

garlic/sulfur smell. It has been used for hundreds of years to control pests and diseases. The biologically 

active compound azadirachtin (extract of A. indica seed and leaf), act as repellents for a broad spectrum of 

agricultural and household insects. This plant is traditionally used as pesticidal agent in India [31]. 

Azadirachtin reduces insect feeding and acts as a repellent. It also interferes with insect hormone systems, 

making it harder for insects to grow and lay eggs [24]. Neem oil has been reportedly used to control the 

following pests: garden snails and slugs, cockroaches, bed bugs, scabies mites, dust mites, ants, fleas, 

ticks, fruit fly, whiteflies, Japanese beetles, cherry slug and pear slug [32]. Also, neem products such as 

neem soaps, shampoo, toothpaste, hand and body lotions, face wash, food supplements, agricultural and 

veterinary products are marketed the world over by many companies. Agroneem is a formulation 

containing azadirachtin (0.15%) as the active ingredient, 15% neem biomass (neem lipids), thus utilizing 

the complete spectrum of neem’s potential as a pest management tool [22, 31]. It attacks insects at 

different stages of growth as anti-feedant, insect repellent, growth regulator and insecticide [26]. It is not 

toxic and does not harm the workers. It is bio-degradable and protects the environment. It is compatible 

with most commonly used fertilizers, fungicides and insecticides. In a research by [33], the wetting of 

banana corm or pseudo-stem with neem cake extract, aqueous neem seed powder, neem kernel powder or 

with emulsified neem oil distrupted the settling response, egg laying and larval feeding of Cosmopolites 

sordidus (Banana corn borer). 

As repellents, Azadirachtin prevents insects from initiating feeding [34]. As feeding deterrent, it 

causes insects to stop feeding after first taste due to secondary hormonal or physiological effects of the 

deterrent substance. As growth regulator, neem disrupts normal development interfering with chitin 

synthesis. Susceptibility to the various effects of neem by insects differs by species [35]. Studies have 

shown that the neem compound Azadirachtin is a more effective insect repellent than the widely used 

synthetic chemical known as DEET (N, N-diethyl-meta-toluamide) a carcinogen with long periods of use 

[36]. Extracts from the neem tree are also used as repellents (the wood of the neem tree is strong and 

resistant to termite damage, used as mosquito repellents and as firewood for charcoal making), fumigant 

(neem oil act as fumigants), pesticides (the leaves act as a natural pesticide), fertilizers, manure (neem 

leaves and the cakes gotten when oil has been removed from seeds can improve soil structure and add to 

the plant nutrient base), diabetic food and animal feed, urea coating agent and soil conditioner (neem 

leaves can be used to make soil less acidic  [37]. [38, 39] reported that the toxic effect of A. indica is 

ephemeral in nature disappearing within 14-21days. They also investigated the successful use of A. indica 

in the control of migratory locust, army worm whitefly and even head lice and found it to be safe to other 
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beneficial organism such as earthworms. [40] stated that powdered seed kernel of A. indica mixed with 

harvested rice significantly reduced insect pest infestation. Also mixing A. indica leaves with harvested 

rice, treating storage bugs with A. indica extract or putting its leaves between the bags and storage floor 

achieved similar results [41]. 

Plant extracts have been used worldwide as an alternative method to control pests unlike synthetic 

pesticide which have one active compound, and exhibit only one type of biological effect. Single plant 

derived compound may have more than one biological effect [29]. Detailed investigations have revealed 

that several plant species have more than one compound and have diverse biological effects. The chances 

of quick development of resistance to different chemical is minimal in extracts responsible for biological 

effect or repelling of some natural plant as with the neem plant (A. indica). Various parts of the neem tree, 

(bark, leaves, flowers, seeds and fruits pulp) are used mostly in the powder or extract form having 

medicinal [42] and pesticide properties resulting from its various active components, including 

Azadiractin which is the main ingredient used in the manufacture of biopesticides that are been exported 

to various countries as lots of research are been conducted to test its safety and efficacy for use as 

pesticides [43, 44].  Azadirachta indica oil and seed extracts are known to possess germicidal and anti-

bacterial properties which are useful to protect the plants from different pests. The greatest advantage of 

A. indica based pesticides and insecticides are that they do not leave any residue on the plants. 

Laboratory experiments have been conducted by several researchers evaluating the insecticidal 

properties of neem extract (Powders, liquid) prepared from various neem parts (seed, leaf, stem, and root) 

against various insect pests with successful level of control obtained [45] [46] [43, 47-49]. Hence, neem 

plant contents have been reported as effective bioinsecticide found useful in controlling over 400 insect 

species of medical and veterinary importance in various Orders of Insects [15, 32, 43, 47, 50]. 

Ocimum gratissimum is found throughout the tropics and subtropics and its greatest variability 

occurs in tropical Africa and India. It is widely distributed throughout Central America, West African 

Coast and used in Trinidad and Tobago and Nigeria. O. gratissimum Linnaeus (Scent leaf) plant of the 

genus Ocimum also called clove basil and commonly known as scent leaf, consist of shrubs whose plant 

materials serve as spices, condiments and for medicinal purposes dated back to the history of mankind 

[51]. Recently, the exploitation of wild plants for medicinal purposes has gained major acceptance in 

many countries of the world. To further underscore the importance of herbal medicine, most national 

governments have established the traditional medicine regulatory council under the supervision of their 

various health ministries’ to tap the numerous potentials of herbs. This may be because traditional 

medicine has long been practiced even before the orthodox medical practice appeared [52]. Ocimum 

gratissimum belongs to the group of plants known as spices. The plant is an erect small plumb with many 

barnacles usually not more than one meter high [53]. It is of the family Lamiaceae, genus Ocimum and 

species gratissimum. It is cultivated as a home garden crop and also grown on commercial scale. It is used 

for a variety of reasons such as culinary for the preparation of salads, soups, pastas, vinegars, jellies and 

food flavoring. In traditional medicine, the leaves have been used as a general tonic and antidiarrheal 

agent and for the treatment of conjunctivitis by instilling directly into the eyes [54]. The leaf oil when 

mixed with alcohol is applied as a lotion for skin infections, and taken internally for bronchitis. The dried 

leaves are snuffed to alleviate headaches and fever among other uses. In addition, various extracts of O. 

gratissimum have been tested in vitro and shown to be active against some bacterial and fungal isolates 

and used in the treatment of various ailments [55, 56]. 

Biopesticides or plant based fumigants have long been reported as attractive alternatives to synthetic 

fumigants for the management of arthropods because botanicals pose little threat to the environment or to 

human health [57]. Ocimum is known for its pesticide properties due to diverse group of compounds in its 

essential oil [58]. O. gratissimum essential oil is reported to contain bioactive constituents that are 

insecticidal and repellent [59]. The toxicity is due to the effects of the compounds eugenol, mono and 

sesquiterpenoids found in the plant extract. [60], studied the larvicidal activity of O. gratissimum on 

larvae of Aedes aegypti Linnaeus and found that O. gratissimum oil exhibited 100% mortality at 300 mg/L 

concentration at twenty four hours of exposure. Leaves and extracts of leaves of Ocimum species are 

reportedly useful as grain protectants in Eastern Africa [61] and as insect repellents [62]. [63, 64], 

reported in their separate studies that the use of leaves of Ocimum species exhibited larvicidal action and 

thus proved successful in controlling the life stages of mosquito. 

Dracaena arborea is evergreen with simple leaves that are alternate, lanceolate with parallel 

venation providing a spiky, topiary look and thrives well in light, well-drained soil or dry soil. Most 

dracaena prefer bright indirect light, many adapt to lower light levels while others need direct sun to keep 

their colour, thus thrive best in warm temperature [65]. Its ability to adapt to poor growing conditions 

made it very popular and important as boundary and ornamental plant. Dragon blood as it is commonly 
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called among the Ibibios is used to settle land dispute among people and as varnish for violin and 

photoengraving [66]. [67] reported the presence of anti-parasitic and antifungal compounds in Dracaena. 

Dracaena species have been shown to possess insecticidal properties. [66] in his studies, reported the use 

of root, bark and leaf powders of D. arborea in controlling two storage pests of bean (C. maculatus) and 

maize (S. zeamais). According to [68], cut leaves of D. steudneri placed in a box with caterpillars of 

Charaxes (Nymphalidae) led to their death. Larvicidal activity of steroidal saponins from D. arborea on 

Aedes albopictu has been proven [[69]. [66] stated in his work that ethyl acetate and aqueous fractions of 

leaf extract of D. arborea demonstrated insecticidal activity against Sitophilus zeamais (Motsch.) and 

Callosobruchus maculatus (Fab.) and offered protection to stored grains.  [59, 65] reported the repellency 

quality of  D. arborea against C. maculatus while [70] confirmed the successful botanical insecticidal 

properties of D. arborea and Vitex doniana leaf extracts on the larvae of Anopheles mosquito hence 

concluded that the test plants have larvicidal property. 

 
Plate 2-4. A. indica tree, O. gratissimum shrub, D. arborea tree 

 
   Source: Authors 

 

2. MATERIALS AND METHODS 

2.1. Study Setting 
The research was carried out in the Postgraduate Laboratory, Faculty of Science, Niger Delta 

University, Bayelsa State located between latitudes 4°45'N and 4°60'N and longitudes 6°50'E and 8°00'E.  

 

2.2. Study Period 
The study period of this research work was from November, 2016 to September, 2018. 

 

2.3. Sample Collection 
2.3.1. Collection of P. Americana Nymphs 

A total of one thousand eight hundred same age progeny of P. americana nymphs collected from 

the stock that hatched from eggs in the laboratory were used to establish the main test sample. The 

nymphs were placed ten in a trough in readiness for the various bioassays as stated by [71]. 

 

2.3.2. Collection of Plant Material 

Fresh leaves of A. indica were collected from forests in Amassoma town in Southern Ijaw 

Local Government Area of Bayelsa state, Nigeria. The plants were identified by laboratory 

technologist and botanist Mr Dimie Otobo, of the department and taken to the Postgraduate 

laboratory of the Faculty of Science for processing and usage in the various bioassays. 
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2.4. Sample Preparation 
2.4.1. Preparaton of powder 

Using the methods employed by [72, 73], the fresh leaves of the test plant A. indica, O. gratissimum 

and D. arborea were separated manually and washed briefly under running tap water to remove sand and 

debris, then sun- dried for a period of three days until crispy but seven days for D. arborea. The leaves 

were ground using the hand mill and later blended to obtain finely divided powder which was further 

dried in a hot air oven at 60
0
C for eight hours. 50g of the powdered materials were bagged and labeled 

separately for further usage. 

 

2.4.2. Preparation Of Ethanolic Extract 
Adopting the procedures of [49, 71], leaf the leaf powdered forms of A. indica  was separately 

weighed as follows: 0g (control), 10g, 20g, 30g, 40g and 50g into different Bama bottles labelled A, B, C, 

D, E and F according to the measured weight in grams respectively. Equal volume of 10ml of 70% 

ethanol was added into each of the bottles in the ratio 0g:10ml, 10g:10ml, 20g:10ml, 30g:10ml, 40g:10ml 

and 50g:10ml respectively and allowed to stand for 24 hours. The crude ethanolic extract was filtered 

using Whatman No.1 filter paper through a plastic funnel to a 50ml beaker respectively. The filtrate was 

transferred into a round bottom flask and heated in water bath at 40
o
C for 72 hours to allow for ethanol 

evaporation. Using a rotary evaporator, the extracts were concentrated to dryness and used for the 

bioassay.  

Stock solution was prepared with 2.8 liters of ethanol in 1.5kg of the powder which was allowed to 

stand for 24 hours. The mixture was filtered and the filtrate evaporated in a dessicator. The resultant yield 

was 60g of the extract. 

 

2.5. EXPERIMENTATION 
To examine the effects of the leaf powder and extracts of the test plant on the nymphs, the 

treatments were applied both as contact poison for leaf powder and contact toxicity by topical application 

for ethanolic leaf extract as was used by [68, 74-76]. All treatments were arranged in completely 

randomized design (C.R.D.) 

 

2.5.1. Contact toxicity of leaf powder 
To evaluate contact toxicity of A. indica leaf powder on nymphs, the methodology of [68, 70] was 

adopted where 10g, 20g, 30g, 40g, and 50g respectively of leaf powder of the test plants were measured 

into different transparent plastic boxes with perforated lids and labeled. Thirty nymphs were randomly 

introduced into each box. Boxes were covered with vent nettings held by rubber stopper. No leaf powder 

was added to the control and the treatment replicated five times. Mortality rate was recorded at 24, 48, 72 

and 96 hours respectively. After three blunt probes using a dissecting probe, the insects were considered 

dead. 

 

2.5.2. Contact Toxicity by Topical Application of Ethanolic Leaf Extract 
Using the procedure spelt out by [73, 75] to evaluate contact toxicity by topical application, thirty 

adult cockroaches were placed randomly in boxes lined with moist filter paper. Using a pipette, 10ml, 

20ml, 30ml, 40ml and 50ml, respectively of the ethanolic leaf extracts was applied to the dorsal surface of 

the thorax of each nymph. Distil water was used as control and each treatment was replicated five times. 

Insects were examined daily for mortality within 24-96 hours and any insect that did not respond to three 

probing with a blunt probe at five minutes recovery period was considered dead.   
 

2.5.3. Contact Toxicity on Filter Paper   
Adopting the method employed by [71], Whatman No. 1 filter paper was placed in plastic boxes, 

where 10ml, 20ml, 30ml, 40ml and 50ml, respectively of the ethanolic leaf extracts were applied and 

allowed thirty minutes to dry off. Thirty nymphs were introduced randomly into each box. Distil water 

was used as control and each treatment was replicated five times. Insects were examined and recorded 

daily for mortality within 24, 48, 72 and 96 hours and any insect that was immobile and did not respond to 

three probing with a blunt dissecting probe at five minutes recovery period was considered dead.  
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2.6. Qualitative test 
The leaves of the test plant were screened qualitatively for phytochemicals according to standard 

procedures used by [66, 77, 78], where the leaf powder was extracted at room temperature with 75% 

ethanol by maceration and concentrated to dryness in a rotary evaporator.  
 

2.7. Data analysis 
All results were tested and analyzed by excel for windows program version two Microsoft office 

2010. Data obtained were expressed by calculation of the mean and standard error (Mean±SE) 

statistically. Student T-test and pair wise multiple comparisons were used for significant differences at 

alpha level, p≤ 0.05. All graphs were plotted using Microsoft excel. 

 

3. RESULTS AND DISCUSSION 
The results of the effects of contact toxicity by spreading and contact toxicity by topical application 

of leaf powder and ethanolic extracts of A. indica, O. gratissimum and D. arborea on the nymphs of P 

americana are presented on figures 1-3. At the end of 96 hours duration (four days), significant mean 

mortality of nymphs was observed among treated nymphal population over the control (p≤0.05). 

Generally, mean total mortality of nymphs was concentration dependent as nymphal deaths increased with 

increase in concentration of the treatment and exposure time (figs. 1-3). 

The leaf powder treatments also affected death of the nymphs significantly (p≤0.05), with the 

highest mean values compared to the control (fig.1). 00 (control): 0.5±0.20, 0.6±0.20, 0.5±0.20; 10g: 

9.8±2.60, 9.5±2.60, 5.3±1.80; 20g: 14.5±3.30, 12.8±2.90, 7.0±2.30; 30g: 17.8±3.60, 15.5±3.30, 8.8±2.60; 

40g: 20.3±2.90, 17.0±3.60, 10.3±2.60, 50g: 23.5±4.10, 22.0±3.90, 12.5±2.90 respectively for A. indica,  

O. gratissimum and  D. arborea treatments with respect to contact toxicity. 

 
Figure 1. Effects of contact toxicity treatment of leaf powder against P. americana nymphs 

 
        Source: Authors 

 

Nymphal mortality was highest in topical application of ethanolic leaf extract of A. indica 

(27.3±4.60) and lowest in contact application of D. arborea aqueous (9.3±2.60) extracts. Mean total 

mortality of nymphs using ethanolic leaf extract was recorded as follows: 00 (control): 0.6±0.20, 

0.25±0.1, 0.6±0.20; 10ml: 16.3±3.40, 12.0±2.80, 10.3±2.60; 20ml: 19.5±3.60, 16.3±3.40, 12.8±2.90; 

30ml: 23.3±4.00, 19.3±3.80, 14.5±3.30; 40ml: 26.5±4.60, 22.3±3.90, 17.0±3.60, 50ml: 27.3±4.60, 

24.8±4.20, 21.3±3.90 respectively for A. indica, O. gratissimum and D. arborea treatments with respect to 

topical toxicity (fig. 2).    
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Figure 2. Effects of contact toxicity treatments of ethanolic leaf extracts applied topically against P. americana 

nymphs 

 
     Source: Authors           

 

There were significant differences (p≤0.05) in mean total nymph mortality regarding ethanolic leaf 

extracts of the test plants over the control with recorded values as follows: 00 (control): 0.6±0.20, 

0.0±0.00, 0.6±0.20; 10ml: 16.5±3.50, 12.0±2.80, 9.8±2.60; 20ml: 19.0±3.80, 17.0±3.60, 12.0±2.80; 30ml: 

24.0±4.20, 19.3±3.80, 14.3±3.30; 40ml: 26.0±4.60, 20.8±3.90, 16.5±3.50, 50ml: 27.0±4.60, 25.0±4.30, 

21.0±3.90 respectively for A. indica, O. gratissimum and D. arborea treatments with respect to contact 

toxicity on filter paper (fig 3). 

 
Figure 3. Effects of contact toxicity of ethanolic leaf extracts on P. americana nymphs 

 
    Source: Authors 
 

Nymphs of cockroach were more susceptible with A. indica treatments than O. gratissimum and D. 

arborea though all were also successful in controlling the nymphs at various levels of concentration. 

Azadirachta indica extracts proved more bioactive recording total mean nymph mortality of 27.3±4.60 at 

highest concentration for topical and 27.0±4.60 for contact toxicity using ethanolic leaf extract after four 

days as against D. arborea which was least with 21.3±3.90 and 21.0±3.90 for topical and contact toxicity 

respectively. From the result, both contact and topical applications of all treatment types proved effective 

in controlling the nymphs, though the ethanolic extract treatments recorded more mortality values than the 

powder.  

The asterisks on the graphs represent controls that show significant difference from the treatment 

(p< 0.05).         

Table 1 depicts the result of the qualitative phytochemical constituents of ethanolic leaves extracts 

of the three study plants. Azadiracta indica ethanolic leaf extract had moderate (++) levels of tannins, 

cardiac glycosides, alkaloids, flavonoids, terpenoids and trace (+) amounts of phenols. Dracaena arborea 

had high (+++) level of alkaloids, moderate (++) level of phenols and cardiac glycoside and trace (+) for 
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tannins, saponins, flavonoids and terpenoids. Ocimum gratissimum had high (+++) level of alkaloids, 

moderate (++) for cardiac glycoside, flavonoids and trace (+) for tannin, saponins, terpenoids and phenols.  

 
Table 1. Phytochemical screening of the aqueous and ethanolic leaf extracts of A. indica, D. arborea and O. 

gratissimum plants 

Phytochemical A. indica O. gratissimum D. arborea 

Tannins          ++          +          + 

Glycoside          ++          ++          + 

Saponin          +          +          + 

Alkaloids          ++          +++          +++ 

Flavonoid          ++          ++          + 

Terpenoid          ++          +          + 

Phenols          +          +          ++ 

                      Source: Authors 
 

The increasing usage of synthetic pesticides is of serious concern as they accumulate in the 

environment. Bio-pesticides are good alternatives to the synthetic ones as they cause little environmental 

pollution, have low toxicity level to humans and several other advantages [79]. Biopesticides or plant 

based chemicals have long been reported as attractive alternatives to synthetic pesticides for the 

management of arthropods because botanicals pose little threat to the environment or to human health 

[80]. Bio insecticidal activities of leaf powder and ethanolic extracts of A. indica, O. gratissimum and D. 

arborea were investigated for the control of the nymphs of P. americana (cockroach) which resulted in 

the reduction of the number of treated cockroach nymphs after a period of four days. This result is in 

agreement with earlier observations of [75, 76]. There was positive correlation between the concentration 

of extracts and nymph mortality values. A remarkable increase in the mortality was observed and the 

increase was treatment concentration dependent. Total mean mortality of nymphs was concentration 

dependent, progressing as the concentration of the treatments increased and highest with the highest 

concentration confirming the observation of [5, 75, 76, 81]. Total mean mortality of the cockroach 

nymphs treated with ethanolic extracts of all three plant parts were observed highest at 50ml concentration 

of A. indica, followed by O. gratissimum and D. arborea. The leaf extract showed higher efficacy than the 

leaf powder and highest with ethanolic extracts applied topically. All treatments groups proved successful 

in controlling the nymphs of P. americana. The treatments were very much effective at higher 

concentration giving rise to higher number of nymphal deaths. Finally, the ethanolic extract treatments 

constituted from A. indica plant parts was most bioactive in achieving nymph control. 

The nymphal deaths recorded in the treatment groups were significantly different over those of the 

controls. Student T-test and pair wise multiple comparisons for mean mortality between the treatment 

groups and the control, showed significant difference at alpha level, (p< 0.05) with increase in 

concentration of leaf powder and extracts and the exposure time reflecting in higher nymphal deaths. This 

is in conformity with earlier reports of [5, 75, 76] who worked independently on the biocidal effects of 

various plants on P. americana adults. 

Topical application of the extracts of the three plants generally indicated high potency for mortality 

of nymphs. This is in agreement with the result obtained by [75, 82, 83], who confirmed that topical 

application of plant extracts on different insect species necessitated direct contact of the toxicants or 

active ingredients on the insect’s bodies with resultant death. The mortality rate of nymphs observed in 

this study is also in consonance with the findings of [45] who reported toxicity of both the powder and 

extracts of leaves and stem of A. indica. Also extracts in the ethanolic form gave better effects compared 

to the aqueous and powdered forms because active materials in plants are more soluble in ethanol. 

Furthermore, using pairwise multiple comparisons at the highest concentration of the tested botanicals, 

significant difference at p≤0.05 existed among the treatments and between the treatments and the controls.  

The success in the larvicidal activities of the test plants are attributed to the presence of the 

biological active ingredients termed phytochemical that are contained in the plants [75, 76]. Therefore, the 

larvicidal activity of O. gratissimum leaves (powder and ethanolic extract) against P. americana is 

attributed to the principal constituent of Eugenol responsible for biological activities observed on the 

cockroach [48, 59]. This was further confirmed by [60, 64] who attributed the toxicity of O. gratissimum 

treatments on the insect species to the toxic effects of the compounds eugenol, monoterpenoids and 

sesquiterpenoids found in the plant extracts. [30, 84] in their various studies revealed that the major 

components of O. gratissimum species such as P-lymene, A-thujene, myrcene and thymol in addition to 

phenol were responsible for the control of insect pests. Topical application of the ethanolic extracts 
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recorded high mortality compared to the contact. The active compounds extracted from Ocimum plants 

parts are found to be rich in camphor, citral, geranoil, linolool, lincalyacetale and methyl charicol whose 

metabolites acted as larvicide, insect growth regulators, repellent and oviposition deterrent on the 

cockroaches as reported by [30, 85].  

The larvicidal properties recorded by D. arborea treatments as by [67] was attributed to the 

presence of secondary metabolites such as mannispirostan A and Spiroconazole A which are pennogenin 

triglycosides components, hence, the usefulness of the plant in traditional insect pest management systems 

[85-87]. Furthermore, contact action was stronger against P. americana nymphs using A. indica and O. 

gratissimum compared to D. arborea. This recorded success of mortality is attributed to the fact that P. 

americana nymphs though having wings, are poor fliers and so were always in contact with the treated 

surface as observed earlier by [88]. The insects avoided contact with the treatments and were seen 

hanging around the breeding troughs. The behaviour of the cockroaches was due to the presence of 

phytochemicals in the extract that repelled the insects thus influencing their locomotion, feeding 

behaviour, developmental and behavioral patterns with resultant deaths which is in agreement with earlier 

reports obtained by various scholars working independently who disclosed that contact toxicity caused 

abrasive effects on insect cuticle with resultant interference in the respiratory mechanisms of the insects 

and the end effect of death [2, 74, 89-91]. 

The possible pathway through which A. indica killed the insects as reported by [92] was that 

Azadirachtin, an insect growth disruptor, known to be an antagonist in the juvenile hormone and 20-

hydroxyecdysone (20E) interfered with the insect’s hormones and stopped them from breathing resulting 

into death while the nymphs that survived were found weak and feeble due to inadequate contact with the 

extracts and powdered forms of A. indica treatments which is also in agreement with results obtained by 

[45] [32]. A. indica is able to kill insects by acting as antifeedant, thus when the insects were hungry and 

tried to feed on the treated powder or extracts of A. indica plant, the presence of azadirachtin, salanin and 

melandriol, initiated anti-peristaltic wave in the alimentary canal of the insect resulting to repellency 

activity  [5, 84]. This induced vomiting sensation deterring feeding in the insects and inability to swallow 

by interfering with the insect’s hormone thereby stopping them from breathing and subsequent death as 

confirmed by [37]. Feeding deterrence as revealed by [93] was possibly due to the changes induced in the 

physiology and behaviour of the insects by the botanicals.  

The result of the present study showed that the mortality of P. americana nymphs exposed to leaf 

powder and extract treatments of all test plants increased with increase in concentration of treatments and 

exposure time. The result compared favourably with results from similar studies. [46] Who reported that 

A. indica leaf powder has pest control agent that caused the mortality of insects compared to the control. 

[75, 94-98] in their respective studies using A. indica obtained similar results and all reported that A 

indica was a potential botanical pesticide which caused antifeedancy, deterrence and mortality of insects. 

The result of this study also confirmed that O. gratissimum leaf powder and ethanolic extracts are 

effective biocides for against control. It also indicated that O. gratissimum ethanolic extract performed 

better than the leaf powder which is in agreement with the observations of [5, 25, 58, 76] who 

independently reported that O. gratissimum contained diverse group of compounds or essential oil that 

contain bioactive constituents with pesticidal, insecticidal and repellent properties, hence the positive 

outcome obtained in this study. According to [99], extracts of Ocimum specie, resulted in increase in the 

brain lipid and cholesterol content as the biomolecule of the plant extract enters the brain of the insect 

which actively becomes the site of action with resultant biochemical changes. Contact application showed 

the presence of insecticidal properties in the plant but higher potency was observed with topical 

application of the extracts especially ethanolic extracts of leaves. Direct contact of the toxicants or active 

ingredients in the test plants with the insect’s bodies was facilitated by topical application and resulted in 

more mortality of nymphs. These results are in agreement with those obtained by [82, 83, 100, 101]. 

Phytochemical screening of the leaves of A. indica gave the presence of alkaloids, glycosides, 

terpenoids, flavonoids, tannins and saponins as secondary metabolites which is in agreement with the 

report obtained by [22, 102, 103]. These secondary plant chemicals attract or repel insects thus 

influencing their locomotion, oviposition, feeding behavior, developmental/physiological processes and 

behavioral patterns as reported by [91, 104, 105]. This is also in concordance with earlier reports by [106-

108] which stated that Neem extracts comprised complex mixture of molecules, including normal 

hydrocarbons, phenolic compounds, terpenoids, alkaloids and glycosides that act on various phases of 

insects life cycle, making it difficult for insect pests to resist the physiological effects of the extract such 

as insecticidal and feeding deterrent.  

According to [95], phytochemicals produce various effects in insects which suggest the diversity of 

physiological interference caused by them with resultant disruption of growth and inhibitory effects on 
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reproduction in insects by causing delay or inhibition of oviposition, fecundity, deformities in oocytes, 

reduced mating and alterations of biochemical contents in the reproductive system. The effectiveness of 

the test plants against P. americana was mostly due to the presence of phytochemical constituents and or 

compounds found in them. According to [23, 109, 110], over 135-140 phytochemicals and other 

compounds have been isolated from different parts of A. indica which possessed insecticidal properties. 

[11, 45, 111, 112] all recorded that plant extracts disrupt the cellular structure of the cockroach midgut 

epithelium, gastric caeca, columnar cells, peritrophic membrane, striated border and longitudinal muscles 

leading to mortality of the insects.  

Ocimum gratissimum extracts revealed the presence of saponins, tannin, flavonoids, terpenoid, 

alkaloid, and phenols in various quantities which is in agreement with earlier studies by [113-116], who 

further stated that these compounds possessed insecticidal, antihelmintic, nematocidal and antimicrobial 

properties. 

D. arborea analysis revealed the presence of saponins, tannin, flavonoids, terpenoid, alkaloid 

glycoside and phenols in trace to high levels. The aforementioned compounds being secondary 

metabolites and their detection arose from the reaction of the functional groups(s), they contain with 

chemical reagents to produce different colours and changes in physical nature which is in conformity with 

results indicated by [66, 71]. [117] reported that the presence of the above mentioned phytoconstituents 

instilled natural defense on the plants against herbivory. He disclosed that these secondary metabolites 

consisted of mixtures of closely related compounds rather than a single toxicant. He further concluded that 

synthetic pesticides example rotenone is a combination of six insecticidal isoflavonoids, glycosides and 

tannins which caused death of insects. The presence of the phytochemicals justified the insecticidal 

properties exhibited by A. indica, O. gratissimum and D. arborea. This is also in agreement with the 

observation by [88] which stated that secondary constituents of plants such as alkaloids, saponins, cardiac 

glycosides are compounds that jointly or synergistically contribute to produce insecticidal activity against 

insects. 

Tannin present in all test plants as revealed by the phytochemical screening are phenolic compounds 

containing hydroxyl and carboxyl groups which form strong complexes with proteins and other 

macromolecules thus hindering the growth and afterwards development into adults by the immature stages 

owing to the presence of ovicidal and larvicidal properties of the plants as confirmed by [32, 55, 91, 108, 

118, 119]. Tannins hinder development of organisms as it precipitates and inactivates adhesion enzymes 

and cell development proteins with resultant effect of antifeedant properties in the insects and eventual 

death thus functioning as pesticides and growth regulators [120]. According to the [42], tannins possess 

astringent properties and thus drag the insect tissue together, restricting the flow of blood with resultant 

death of insects. Tannins also turn insect skin into leather by binding proteins to form water insoluble 

substances resistant to proteolytic enzymes. 

Terpenoids are compound of tetranortriterpenoid that act as insect repellents and feeding inhibitor 

and as hormone ecdysone, thus controlling the process of metamorphosis by inhibiting the development of 

immature insects from nymphs to adult cockroaches as confirmed by [80, 121-123][63]. 

Flavonoids and terpenoid which are phenolic compounds are most important as antioxidants in 

dietary. Thus their molecules delayed and prevented oxidation reduction reaction catalysed by radicals 

thus inhibiting feeding in the cockroaches [122]. The presence of flavonoids in the test plants also acted as 

repellent and reproduction controller in the cockroach thus inhibiting oviposition and egg hatchability in 

the cockroaches as confirmed by [37, 124] reported that flavonoids play vital role in plant resistance 

serving as natural pesticides, thus having the capacity to modulate the feeding behavior of insects. 

Flavonoids aid plant normal growth and development against injury by pests thus plants with high 

flavonoids and tannins content possess the greatest insect resistance. 

Saponins which are glycocides with soapy characteristics are reported to possess bioactive agents 

due to their bitter and acrid taste resulting in feeding deterrents in the insects [69, 70, 125]. Saponins 

cause hemolysis of blood and poisoning in animals hence interfering with the replication of 

Deoxyribonuclei acid (DNA) with eventual death of the insects [126]. 

Glycosides are plant steroids and are poisonous derivative from plants. They are stored in inactive 

form conjugated with sugars. These poisons are activated by enzyme hydrolysis causing the sugar part to 

be broken off making the chemical available for use as the insects feed on the plant [127]. [128] reported 

that insect antifeedants are mainly triterpenoids, which is on a 30-carbon skeleton, occurring as glycosides 

and highly oxygenated.  

Alkaloids are known sources of potent insecticides, acting in synergy with saponins and tannins as 

repellents and antifeedant, thus deter insect pests with resultant adverse effects [127, 129]. Alkaloids 

function as neurotoxins and attack the acetylcholinestarase receptor site of the insects, altering the 
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permeability of the neuromuscular juncture, generating new nerve impulses that lead to spasmodic 

contractions, delay larval development, convulsions and finally death of the nymphs and adults as 

confirmed by [129, 130].   

The presence of phenols is synonymous with toxicity as they play important roles in plant herbivore 

and pathogen interaction. Phenols exhibit antioxidant properties which are pesticidal [124]. The presence 

of secondary metabolites in these tested plants as previously reported by [67], acted as both insecticides 

and antifeedants [68, 88]. 

Phytochemicals exhibit various pharmacological and biochemical actions when ingested by 

animals. Plant bioactivity depends on chemical compounds which may inhibit insect feeding. Toxic 

effects to insect pests are produced by the compounds terpenoids, steroids, phenols, flavonoids, tannins, 

alkaloids and cyanogenic glycosides [107, 124]. This agrees with the report of [111], who disclosed that 

primarily, phytochemicals affect the midgut epithelium and secondarily affect the gastric caeca and 

malpighian tubules of insects initiating anti feedant properties and eventual death of insects. Thus, their 

presence in the test plants further confirmed their potential for use as bio pesticides.  

 

4. CONCLUSION 
The findings of this study showed that A. indica, O. gratissimum and D. arborea leaf powder and 

extracts all adequately controlled the (P. americana) nymphs. A general analysis of the data for the 

effectiveness of treatments on the nymphs of the test cockroach species revealed an increase in total mean 

mortality with number of days, with most of the surviving insects being weak and less motile. Thus, the 

potency of the test plants against the household insect pest of health and epidemiological importance 

cannot be over emphasized. Therefore, there is the recommendation for the discovery and development of 

the plant chemicals into potent biopesticides that can replace the synthetic products. Finally, the plants are 

cheap and locally available however, further research is required to determine the efficacy of these plants 

using higher concentrations and on a wide range of other common insect pests. 

 

5. RECOMMENDATION 
The authors recommend the Government establishment and funding of research institutions where 

more studies on the usefulness of plants and plant products that are cheap and locally available as 

biopesticides in insect pest control can be carried out on a wide range of other common insect pests. Also 

Research centers for the culturing, breeding and rearing of insect pests for research purposes should be 

established by Government and non- governmental bodies aimed at facilitating the ease of carrying out 

similar research on insect pest control where new and same age stocks are required. 

 

ACKNOWLEDGEMENTS 
The authors are thankful to Professor Abowei, J. F. N. for supervision of this work, the chief 

Technologist Mr Spiff, A. for all the laboratory analysis, Mr Abalis, R. O. for the statistical analysis and 

the students who assisted with data collection, all of the Faculty of Science, Niger Delta University, 

Wilberforce Island, Bayelsa State, Nigeria. God bless you richly. 

 

REFERENCES 
[1] A. G. Appel, "Laboratory and field performance of an indoxacarb bait against German 

cockroaches (Dictyoptera: Blatellidae)," Journal of Economic Entomology, vol. 96, pp. 863-870, 

1998. 

[2] R. Lafont, "Ecdysteroids and related molecules in animals and plants," Archives of Insect 

Biochemistry and Physiology, vol. 35, pp. 3-20, 1997. 

[3] L. Bouamama, A. Sorlozano, L. M. Laglauia, A. Aarab, and J. Hutierrez, "Antibiotic resistance 

patterns of bacterial strains isolated from Periplaneta americana and  Musca domesticus in 

Tangler, Morocco," Journal of infections in Developing Countries, vol. 4, pp. 194-201, 2007. 

[4] M. M. Hassan, A. O. Oyewale, J. O. Amupitan, M. S.  Abdulahi, and E. M.  Okonkwo, 

"Preliminary phytochemical and antibacterial investigation of crude extracts of the root bark of 

Detarium microcarpum," Journal of Chemistry and Sociology in Nigeria, vol. 29, pp. 26-27, 

2013. 

[5] T. W. Kesetyaningsih, "Efficacy of Annona squamosa leaf extract as an insecticide against 

cockroach (P. americana). In: International Conference: Research and Application on Traditional 

Complementary and Alternative Medicine in Health care (TCAM). Surkarta," 2012, pp. 152-156. 



Noble International Journal of Scientific Research 

 
129 

[6] R. A. K. Tiwari, S. Chakraborty, K. Dhana, and S. V. Sigh, "Azadirachta indica and its potential 

for safe guarding health of animals and humans," A Review Journal of  Topical Sciences, vol. 14, 

pp. 110-123, 2014. 

[7] Soedarto, Entomologi Kedokteran In: Atlas EntomologI Kedokteran, Jakarta: Penerbit Buku 

Kedokteran EGC, Universitas Katolik Indonesia ATMA JAYA, Jenis: Books-Textbook, 1995. 

[8] H. Rembold, "Controlling locusts with plant chemicals. In: New trends in locust control (krall S. 

and Wilps H. eds). GTZ, Eschborn TZ- Verlagsgesellschaft Rossdorf," pp. 41-49, 1994. 

[9] A. Roshan and N. K. Verma, "A brief study on A. indica and its application: A review," Research 

Journal of Phytomedicine, vol. 1, pp. 1-3, 2015. 

[10] H. Schmutterer, "Properties and potential of natural pesticides from the neem tree, Azadirachta 

indica," Annual Review of Entomology, vol. 35, pp. 271-297, 1990. 

[11] S. I. Kim, J. Y. Roh, D. H. Kim, H. S. Lee, and Y. J. Ahn, "Insecticidal activities of aromatic 

plant extracts and essential oils against Sitophilus oryzae and Callosobruchus chinensis," Journal 

of Stored Products Research, vol. 39, pp. 293-303, 2003. 

[12] O. A. Sodipo, M. A. Akani, T. B. Kolawolen, and A. A. Outaga, "Saponins as an active antifungal 

principle in Garcinia kola Hiekel seed," Biosciences Research Community, vol. 3, pp. 171-177, 

1991. 

[13] Y. T. Justina and A. M. Solomon, "Proximate, phytochemical and invitro antimicrobial properties 

of dried leaves from Ocimum gratissimum," KFC Preventive Nutrition and Food Science, vol. 22, 

pp. 191-194, 2017. 

[14] E. Shaaya, U. Ravid, N. Poster, B. Juven, U.  Zisman, and V. Pissarev, "Fumigant toxicity of 

essential oils against four major stored product insects," Journal of Chemical Ecology, vol. 17, pp. 

499-504, 1991. 

[15] S. Al-Quraishy, F. Abdel-Ghaffar, K. A. Al-Rasheid, J. Mehlborn, and H. Mehlborn, "Effects of 

neem seed extract (miteshop) on mallophages (featherlings of  chickens), In vivo and in vitro 

studies," Parasitology Research, vol. 110, pp. 617-622, 2012. 

[16] A. J. Mordue (Luntz) and A. J. Nisbet, "Azadirachtin from the Neem tree Azadirachta indica: Its 

action against insects," Anais da sociedade Entomologica de Brasil, vol. 29, pp. 615-632, 2000. 

[17] C. O. Okunji, M. M. J.  Iwu, J. E.  Jackson, and J. D. Tally, "Biological activity of saponins from 

two Dracaena species," Advanced Experiment and Medicinal Biology, vol. 404, pp. 415-28, 1996. 

[18] O. A. Lemos, X. S. Passos, O. F. Ferdinande, J. R.  Paula, P. H. Ferri, and L. K. Souza, 

"Antifungal activity from Ocimum gratissimum. L. towards Cryptococcus neoformans. Mem. 

Inst. Oswaldo. Cruz," vol. 100, pp. 55-58, 2005. 

[19] D. Rey, M. Pautou, and J. C. Meyran, "Histopathological effects of tannic acidon the midgut 

epithelium of some aquatic Diptera larvae," Journal of invertebrate Pathology, vol. 73, pp. 173-

181, 1999. 

[20] M. Wink, "Production and application of phytochemicals from an agricultural perspective. In: 

Phytochemistry and Agiculture proceedings," Phytochemical Society of Europe, vol. 34, pp. 171-

213, 1993. 

[21] U. E. Inyang, "The potential threshold level. Relative abundance, life cycle and control of the 

Banana weevil Cosmopolites Sordidus (German) (Coleoptera; Curculionidae) on  plaintain in 

Uyo, Akwa Ibom state, Nigeria, PhD Thesis, University of Agriculture, Umudike”.295," 2004. 

[22] S. Raguraman and R. P. Singh, "Biological Effects of Neem (Azadirachta indica) Seed Oil on an 

Egg Parasitoid, Trichologramma chilonia," Journal of Economic Entomology, vol. 92, pp. 1274-

1280, 2000. 

[23] M. K. Tiwary and A. Pandey, "Feeding Neem (Azadirachta indica) products to small ruminants as 

antihelmintic," Food Science and Technology BIOINFO, vol. 1, pp. 976-982, 2010. 

[24] B. Kutrup, "Cockroach infestation in some hospitals in Trabzon, Tankey (PDF)," Turkey Journal 

of Zoology, vol. 27, pp. 73-77, 2003. 

[25] A. Prakash and J. Rao, "Botanical pesticides in Agriculture. Lewis publishers, London," p. 461, 

1997. 

[26] J. Andrew, S. Albert, and R. Magi, "Antifeedant activity of Melia azadirachta and Azadirachta 

indica on larvae of Sesamia nonagrioides," Phytoparasitica, vol. 28, pp. 311-319, 2004. 

[27] K. Biswas, I. Chattopadhyay, R. K. Banerjee, and U. Bandyopadhyay, "Biological activities and 

medicinal properties of neem (Azadirachta indica)," Curriculum Science, vol. 82, pp. 1336-1345, 

2002. 

[28] A. K. Musa, A. A. Oyerinde, and F. O. Owolabi, "Evaluation of the Efficacy of Mixed Leaf 

Powders of Vernonia amygdalina L. and Ocimum gratissimum Del. against Callosobruchus 



Noble International Journal of Scientific Research 

 
130 

maculatus (F.) (Coleoptera: Bruchidae)," Academic Journal of Entomology, vol. 2, pp. 85-87, 

2009. 

[29] J. Anis, K. S. Primila, V. A.  Nisha, A. R. Soory, and M. S.  Sarika, "Safety of Azadirachta indica  

products to tetranagthid spiders in rice ecosystem," Journal of Biopesticides, vol. 3, pp. 88-89, 

2010. 

[30] S. Vethanayagam and S. M. Rajendran, "Bioefficacy of A. indica Insecticidal Soap (NIS) on the 

disease Incidence of Bhendi, Abelmoschus esculentus (L) Moench under field conditions," 

Journal of Biopesticides, vol. 3, pp. 246-249, 2001. 

[31] A. Trease and A. M. Evans, Pharmacognosy. London: 15th Edn. Bailliere Tindall, 2002. 

[32] N. S. Senthil, K. Kalaivani, M. K, and P. G. Chung, "The toxicity and physiological effect of 

neem limonoids on Cnaphalococis medinalis (Guenee), the rice leaf folder Pest " Biochemistry 

and  Physiology, vol. 81, pp. 113-122, 2005. 

[33] C. V. Nakamura, K. Ishid, L. C. Faccin, B. P. Filho, D. A. Cortez, S. Rozental, et al., "In vitro 

activities of essential oils from ocimum gratissimum against four candida species," Research in 

Microbiology, vol. 155, pp. 579-586, 2004. 

[34] K. Karunamoorthi, A. Girmay, and S. F. Hayleeyesus, "Mosquito repellent activity of essential oil 

of Ethiopian ethnomedicinal plant against Afro-tropical malarial vector Anopheles arabiensis," 

Journal of King Saud University of Science, vol. 26, pp. 305-310, 2014. 

[35] E. N. Nwanyi, A. Hassanali, S. Essuman, T. E. Nyanda, L. Moreka, and M. Kimondo, "Repellent 

and acaricidal properties of Ocimum suave against Hipicephalas appendiculatus ticks," 

Experimental Applied Acarology, vol. 19, pp. 11-18, 1995. 

[36] E. Sarinho, D. Schor, M. A. Veloso, and J. A. Rizzo, "There are more asthmatic homes with high 

cockroach infestation," Brazilian Journal of Medical and Biological Research, vol. 37, pp. 503-

510, 2004. 

[37] T. Ruchi, R. V. Amit, C. Sandip, D. Kuldeep, and V. S. Shoor, "Neem (Azadirachta indica) and 

its potential for safeguarding the health of animals and humans: A review," Journal of Biological 

Sciences, vol. 14, pp. 110-123, 2014. 

[38] E. L. Castillo-Sanchez, J. Jimenez-Osomio, J. Delgado-Herrera, and A. Maria, "Secondary 

metabolites of the Annonaceae, Solanaceae and Meliaceae families used as biological  control of 

insects," Tropical and Subtropical Agroecosystems, vol. 12, pp. 445-462, 2006. 

[39] V. S. Kumar and V. Navaratnam, "Neem (Azadiracta indica): prehistory to contemporary 

medicinal uses to human kind," Asian pacific Journal of tropical Biomedicals, vol. 3, pp. 505-

514, 2013. 

[40] G. K. Prashanth and G. M. Krishnaiah, "Chemical composition of the leaves of A. indica. Linn," 

International Journal of Advancement in Engineering, Technology, Management and Applied 

Sciences, vol. 1, pp. 21-31, 2014. 

[41] V. A. Rauh, B. C. Ginger, and S. G. Robin, "Deteriorated honey contributes to high cockroach 

allergen levels in inner-city households," Environmental Health Perspectives, vol. 110, pp. 323-

327, 2002. 

[42] World Health Organization, "WHO monographs on selected medicinal plants. WHO, Geneva," 

vol. 1, pp. 1-295, 1999. 

[43] T. Mondal and D. Mondal, "A review on efficacy of a. Indica. A juss based biopesticides: An 

Indian perspective," Research Journal of Recent Sciences, vol. 35, pp. 445-516, 2012. 

[44] R. F. Vierra and J. E. Simon, "Chemical Characterization of Ocimum gratissimum Found in the 

Market and Used in Traditional medicine in Brazil," Journal of Economic Botany, vol. 20, pp. 5-

6, 2000. 

[45] S. Achio, E. Ameko, F. Kutsanedzie, and S. Alhassan, "Insecticidal effects of various A. indica 

preparations against insects of agricultural and public health concern," International Journal of 

Research in Biosciences, vol. 1, pp. 11-19, 2012. 

[46] C. E. Akunne, B. U. Ononye, and T. C. Mugbo, "Evaluation of the efficacy of mixed leaf powders 

of Vernonia amygdalina (L.) and Azadirachta indica (A. Juss) against Callosobruchus maculatus 

(F.) (Coleoptera: Bruchidae)," Advances in Bioscience and Bioengineering, vol. 1, pp. 86-95, 

2013. 

[47] S. M. Keita, C. Vincent, J. P. Schmit, J. T. Amason, and A. Belenger, "Efficacy of essential oil of 

O. basilicum L. and O. gratissimum L. applied as an insecticidal fumigant and powder to control 

C. maculatus (Fab.) (Coleopteran: Bruchidae)," Journal of Stored Products Research, vol. 37, pp. 

339-349, 2001. 



Noble International Journal of Scientific Research 

 
131 

[48] E. I. Nweze, J. I. Okafor, and O. Njoku, "Antimicrobial activities of methanolic extracts of trema 

guineensis (schumm and thorn) and morinda lucida benth used in Nigeria herbal medicinal 

practice," Journal of Biological Research and Biotechnology, vol. 2, pp. 36-39, 2004. 

[49] D. Obeng-Ofori, C. H. Reichmuth, A. J. Bekele, and A. Hassanali, "Toxicity and protectant 

potential of camphor a major component of essential oil of Ocimum kilmandscharicium against 

four stored product beetles," International Journal of Pest Management, vol. 44, pp. 203-209, 

1998. 

[50] Y. K. Mathur, K. Shankar, and S. Ram, "Evaluation of some grain protectants against 

Callosobruchus chinensis (L.) on black gram," Bulletin of Grain Technology, vol. 23, pp. 253-

259, 1985. 

[51] D. Obeng-Ofori and R. K. Akuamoah, "An overview on A. indica tree research in Ghana. In: The 

potential of the A. indica tree in Ghana. Proceedings of a seminar held in Dodowa, Ghana, GTZ, 

Eschborn," 1998, pp. 33-37. 

[52] E. U. Okonkwo and W. I. Okoye, "The efficacy of four seed powders and the essential oils as 

protectants of cowpea and maize grains against infestation by Callosobruchus maculatus (F). 

(Coleoptera: Bruchidae) and Sitophilus zeamais Mots (Coleoptera: Curculiondae) in Nigeria," 

International Journal of pest Management, vol. 4, pp. 43-45, 1996. 

[53] World Health Organization, "WHO Quality control methods for medicinal plant materials. 

Geneva," pp. 10-46, 1998. 

[54] E. Eich, "Solanaceae Convolvulaceae. Secondary metabolites: biosynthesis,  chemotaxonomy, 

biological and economic significance (A Handbook). Springer Verlag, Berlin, Heidelberg, 651 

pp., hardcover, 190 illustrations incl. 83 in colour, ISBN: 978-3-540-74540-2," 2008. 

[55] D. Bekele, Z. Asfaw, B. Petros, and H. Tekie, "Ethnobotanical study of plants used for protection 

against insect bite and for the treatment of livestock health problems in rural areas of Akaki 

District, Eastern Shewa, Ethiopia," Topical Journal of Herbal Medicine, vol. 1, pp. 40-52, 2004. 

[56] S. S. Nathan, D. K. Santha, A. George, L. Narmadha, and P. G. C. Suganya, "Efficacy of melia 

azadirach l. Extract on the malaria vector anopheles stephensi liston (Diptera: Culicidae)," 

Bioresource Technology, vol. 97, pp. 123-133, 2006. 

[57] V. S. Dubey, R. Bhall, and R. Luthra, "An overview of non-mevalonate pathway for terpenoid 

biosynthesis in plants," Journal of Biosciences, vol. 28, pp. 637-646, 2003. 

[58] L. Dinan, P. C. Bourne, Y. Meng, S. D. Sarker, R. B. Tolentino, and P. Whiting, "Assessment of 

natural products in the Drosophila melanogaster bile cell bioassay for ecdysteroid agonist and 

antagonist activities," Cellular and Molecular Life Sciences, vol. 58, pp. 321-342, 2001. 

[59] S. M. Keita, C. Vincent, J. P. Schmit, S. Ramaswamy, and A. Belenger, "Effect of various 

essential oils on Callosobruchus maculatus," Journal of Stored Products Research, vol. 36, pp. 

355-364, 2000. 

[60] S. Srivastava, K. C. Gupta, and A. Agrawal, "Effect of Plant products on Callosobruchus 

Chinensis infection on red grain," Seed Research, vol. 16, pp. 98-101, 1998. 

[61] W. A. Hlymy, H. Amor, and N. M. A. El-Shayeb, "Biological and Anti-microbial activities of 

Aqueous extracts from A. indica tree," Journal of Applied Science Research, vol. 3, pp. 1050-

1055, 2007. 

[62] A. J. Bekele, D. Obeng-Ofori, and A.  Hassanali, "Evaluation of Ocimum suave (Willo) as a 

source of repellents toxicants and protectants against three stored products pests," International 

Journal of Pest Management, vol. 43, pp. 139-142, 1996. 

[63] K. D. Effraim, T. W. Jacks, and O. A. Sodipo, "Histopathological studies on the toxicity of 

ocimum gratissimum leaf extract on some organs of rabbit," African Journal of Biomedical 

Research, vol. 6, pp. 21-25, 2003. 

[64] K. Jitendra, N. K., and D. K. Kulkarni, "Plant-based pesticides for control of Helicoverpa 

armigera on Cucumis," Asian Agricultural History, vol. 13, pp. 327-332, 2009. 

[65] S. J. Boeke, C. Barnand, J. A. Van-Loon, D. K. Kossous, A. Van-Huis, and M.  Dicke, "Effficacy 

of plant extracts against the cowpea beetle, Callosobruchus maculatus," International Journal of 

Pest Management, vol. 50, pp. 251-258, 2004. 

[66] A. Umar, H. T. Abdulraliman, and M. Kokori, "Preliminary studies of the efficacy of the aqueous 

extracts of leaf and seed kernel of A. indica (A. indica Juss) for the control of cowpea Bruchid, 

Callosobruchus maculatus (Coleoptera: Bruchidae)," Research Journal of Science, vol. 8, pp. 25-

30, 2002. 

[67] D. E. Okwu, "Evaluation of the chemical composition of Indigenous Spices and Flavouring 

Agents," Global Journal of Pure and Applied Science, vol. 7, pp. 455-459, 2001. 



Noble International Journal of Scientific Research 

 
132 

[68] I. O. Udo, "Efficacy of plant parts of Dragon and Wood-oil-nut trees against maize weevil 

(Sitophilus zeamais Motsch.) and cowpea weevil (Callosobruchus maculatus F.) Ph. D Thesis, 

Rivers State University of Science and Technology," pp. 32-40, 2008. 

[69] C. B. Prosper, M. Riccardo, N. Marcello, C. Maurizio, and L. Tomissini, "Larvicidal activity of 

steroidal saponins from Dracaena arborea on Aedes albopictu. Current Pharmaceutical 

Biotechnology” www.researchgate.net," vol. 7, 2016. 

[70] C. V. Nnamani, O. O. Happiness, and A. Ogbonna, "Effect of leaf extracts of Dracaena arborea I. 

and Vitex doniana sweet on the larvae of Anopheles mosquito. 

www.researchgate.net/publication/272455845," 2009. 

[71] I. O. Udo, "Phytochemical screening of Dracaena arborea (Asparagaceae) for the control of 

Sitophilus zeamais (Coleoptera: Curculionidae) and Callosobruchus maculatus (Coleoptera: 

Chrysomelidae) " International Journal of Tropical Insect science, vol. 33, 2013. 

[72] F. Briyai, "Evaluation of efficacy of three local plant (Antidesma vestsum, Microdesma puberla 

and Spilanthes filicaulis) extracts for the control of ectoparasites of cultured catfish Clarias 

gariepinus Burchell, 1822. Ph.D Thesis, University of Port Harcourt," p. 100, 2012. 

[73] I. O. Udo, T. T. Epidi, and J. A. Osakwe, "Comparative efficacy of root, bark and leaf powders of 

Dracaena arborea for the control of two storage insect pests," Scientific Research and Essays, vol. 

6, pp. 1473-1478, 2012. 

[74] O. A. Ogbonna, P. C. Ogbonna, and M. C. Dike, "Phytochemical screening and quantitative 

estimates of bioactive compounds in Spondus mombin and Azadirachta. indica," Research 

Journal of Chemical Sciences, vol. 6, pp. 38-40, 2016. 

[75] R. B. Ukoroije, J. F. N. Abowei, and R. A. Otayoor, "The efficacy of azadirachta indica leaf 

powder and ethanol extract on adult periplaneta americana under laboratory condition," Open 

Access Library Journal, vol. 5, pp. 1-14, 2018. 

[76] R. B. Ukoroije, J. F. N. Abowei, and R. A. Otayoor, "The efficacy of ocimum gratissimum  leaf 

powder and ethanol extract on adult periplaneta americana under laboratory condition," Open 

Access Library Journal, vol. 5, pp. 1-16, 2018. 

[77] R. V. Oladosu-Ajayi, H. E. Dienye, C. T. Ajayi, and T. T. Orinle, "Comparative screening of 

phytochemical compounds in scent leaf (Ocimum gratissimum) and Bitter leaf (Vernonia 

amygdalina) extracts," Journal of Fisheries and Livestock Production, vol. 5, p. 3, 2017. 

[78] I. O. Udo, "Evaluation of the potential of some local spices as stored grain portectants against 

maize weevil Sitophilas zeamais mots (Coleoptera: Curculionidae)," Journal of Applied Sciences 

and Environmental Management, vol. 9, pp. 165-168, 2005. 

[79] L. G. Copping and J. J. Menn, "Biopesticides: A review of their Action, Application and 

Efficacy," Pest Management Science, vol. 56, pp. 551-576, 2000. 

[80] T. N. C. Echendu, "Ginger, cashew and neem as surface protectants of cowpeas against 

infestation and damage by Callosobruchus maculatus (Fab.) Tropical science," vol. 31, pp. 209-

211, 1991. 

[81] I. H. Ahmad and A. M. Walia, "Bio effects of some plant extracts against filariasis vector 

mosquito Culex pipiens," Middle East Journal of Applied Sciences, vol. 5, pp. 1028-1034, 2015. 

[82] H. O. Edeoga and D. O. Eriata, "Alkaloids, tannins and saponins contents of some Nigeria 

medicinal plants," Journal of Medicinal Aromatic and Plant Science, vol. 33, pp. 344-349, 2001. 

[83] E. Okrikata and C. E. Auaso, "Bioefficacy of various neem dust formulation for the control of 

Sorghum stem borers In: effect on stalk and peduncle in the semi-arid zones of Nigeria," Yobe 

Journal of Environmental Development, vol. 1, pp. 29-38, 2008. 

[84] C. Orwa, A.  Mutua, R. Kindt, J. R., and S. Anthony, "Agroforest tree Databases: A tree reference 

and selection guide," p. 4, 2009. 

[85] R. Babu and K. Murugan, "Interractive effect of neem seed kernel and neem gum extract on the 

control of Culex quinquefasciatus bay," Neem Newslette, vol. 15, pp. 9-11, 1998. 

[86] M. B. Isman, "Neem and other botanical insecticides: Barriers to commercialization," 

Phytoparasitica, vol. 25, pp. 339-344, 1997. 

[87] Y. D. Jing, M. K. Kim, V. J. Ahn, and H. S. Lee, "Larvicidal activity of Brazilian plants against 

Aedes aegypti and Culex pipiens Pallers (Diptera: Culcilidae)," Agricultural Chemistry and 

Biotechnology, vol. 45, pp. 131-134, 2002. 

[88] A. J. Bekele, "Effects and use of some Ocimum plant species and their essential  oils on some 

storage insect pests," Ph.D thesis, University of Nairobi, p. 200, 1994. 

[89] A. Agarwal, S. Lal, and K. C. Gupta, "Natural products as protectants of pulse betles," Bulletin of 

Grain Technology, vol. 26, pp. 154-164, 1988. 

http://www.researchgate.net,/
http://www.researchgate.net/publication/272455845,


Noble International Journal of Scientific Research 

 
133 

[90] H. Kleeberg and B. Ruch, "Standardization of Neem-extracts. Proceedings of International Neem 

Conference, Kunming, China," 2006, pp. 1-11. 

[91] D. Obeng-Ofori and S. Amitaye, "Efficacy of mixing vegetable oils with pirimiphos-methyl 

against the maize weevil, Sitophilus zeamias Motchulsky, in stored maize," Journal of Stored 

Products Research, vol. 1, pp. 57-66, 2005. 

[92] B. Boulahbel, N. Aribi, Kilani-Morakchi, and S. N.  Soltani, "Insecticidal activity of  

Azadirachtin on Drosophila melanogaster and recovery of normal status by exogenous 20-

Hydroxyecdysone," African Entomology, vol. 23, pp. 224-233, 2015. 

[93] J. M. Silva, A. A. Camara, K. R.. Toobias, J. S. Macedo, M. R. Cardoso, I. K. Aruda, et al., "A 

Prospective study of wheezing in young children: The independent effects of cockroach exposure, 

breast-feeding and allergic sensitization," Rediator Allergy Immunology, vol. 16, pp. 393-401, 

2005. 

[94] E. A. Brisibe, S. E. Adugbo, U. Ekanem, F. Brisibe, and G. M. Figueira, "Controlling bruchid 

pests of stored cowpea seeds with dried leaves of artemisia annua and two other common 

botanicals," African Journal of Biotechnology, vol. 10, pp. 9586-9592, 2011. 

[95] O. Moses and O. Dorathy, "Pesticidal Effect of Some Plant Materials for the Control of  Weevils 

(Callosobruchus maculatus) in Some Varierties of Cowpea during Storage in Makurdi, Southern 

Guinea Agro-ecological zone of Nigeria. Entomological Society of Nigeria. 42nd Annual 

Conference, Ibadan, Book of Abstracts," 2011, p. 20. 

[96] A. S. Mukherjee and S. Sengupta, "Characterization of nimbidiol as a potent intestinal 

disaccharidase and glucoamylase inhibitor present in Azadirachta indica (neem) useful for the 

treatment of diabetes," Journal of Enzyme Inhibition, Medicine and Chemistry, vol. 28, pp. 900-

910, 2013. 

[97] T. Musabyimana, R. C. Saxena, E. W. Kairu, C. P. Ogol, and Z. R. Khan, "Effects of neem seed 

derivatives on behavioral and physiological responses of the Cosmopolites sordidus (Coleoptera: 

Curculionidae)," Journal of Economic Entomology, vol. 94, pp. 449-454, 2001. 

[98] A. V. Rao and L. G. Rao, "Carotenoids and human health. Pharmacological Research," vol. 55, 

pp. 207-216, 2007. 

[99] M. Cristiana, F. Murbach, O. M. M’arcia, and C. Mirtes, "Effects of seasonal variation on the 

central nervous system activity of ocimum gratissimum (L) essential oil," Journal of 

Ethnopharmacology, vol. 105, pp. 161-66, 2006. 

[100] C. O. Adedire and T. S. Ajayi, "Assessment of the insecticidal proof some plant extracts as grain 

protectants against the maize weevil, Sitophilus zeamais Motschulsky," Nigerian Journal of 

Entomology, vol. 13, pp. 93-101, 1996. 

[101] V. Shifa, J. Palmalalthac, S. Rangith, and I. S. Hakar, "Efficacy of selected plant extract on the 

oviposition deterrent and adult emergence activity of Callosobruschus maculatus F. (Bruchidae: 

Coleoptera)," Global Journal of Science Frontier Research, vol. 10, pp. 12-14, 2010. 

[102] J. Ghosh and A. Gayen, "The protozoan fauna living in the digestive system of Periplaneta 

americana in Kolkata, West. Bengal, India," Journal of Parasitic Diseases, vol. 7, pp. 455-459, 

2006. 

[103] Y. M. Tatfeng, M. U. Usuanlele, and A. Orukpe, "Mechanical transmission of pathogenic 

organisms: the role of cockroaches," Journal of Vector Borne Diseases, vol. 42, pp. 129-134, 

2005. 

[104] A. J. Bekele, D. Obeng-Ofori, and A.  Hassanali, "Evaluation of Ocimum kenyense (Ayobarigira) 

a source of repellemt, toxicant and protectant against three stored products insect pests," Journal 

of Applied Entomology, vol. 121, pp. 173-189, 1997. 

[105] J. P. David, D.  Rey, M. P. Pautou, and J. C. Meyran, "Differential toxicity of leaf litter to 

dipteran larvae of mosquito developmental sites," Journal of Invertebrate Pathology, vol. 75, pp. 

9-18, 2000. 

[106] J. E. Cassida and G. B. Quistad, "Pyrethrum flowers, production, chemistry, toxicology and uses. 

Oxford University press, Oxford," 1994. 

[107] A. Hassanli, W. Iwande, N. Ole-Sitayo, L. Moreka, and S. Nokoe, "Weevil repellent constituents 

of Ocimum suave leaves and Eugenia caryophyllata cloves used as grain protectant in parts of 

Eastern Africa," Discovery Innovation, vol. 2, pp. 91-95, 1990. 

[108] L. E. Wongo, "Biological activity of sorghum tannin extracts on the stored grain pests of 

Sitophilus oryzae (L), Sitotroga cerealella (Olivier) and Tribolium Castaneum (Herbst). Insect 

Science and its Application," vol. 18, pp. 17-23, 1998. 



Noble International Journal of Scientific Research 

 
134 

[109] M. Asif, "Antimicrobial potential of A. indica against pathogenic Bacteria and Fungi," Journal of 

Pharmacognosy and plytochemistry, vol. 1, pp. 78-83, 2012. 

[110] M. R. Venketachalam and A. Jabasen, "Repellent activity of Ferronia elephantum Corr, 

(Rutaceae) leaf extract against Aedes aegypti," Bioresearch Technology, vol. 76, pp. 287-288, 

2001. 

[111] R. S. Deshpande and H. P. Tipnis, "Insecticidal activity of Ocimum basilicum. Pesticides," vol. 

11, pp. 1-12, 1997. 

[112] D. L. Rosenstreuch, P. Eggleston, M. Kattan, D. Baker, R. G. Slavin, P. Gergen, et al., "The role 

of cockroach allergy and exposure to cockroach allergen in causing morbidity among inner city 

children with asthma," Natinal England Journal Medival, vol. 336, pp. 1356-1363, 1997. 

[113] A. C. Akinmoladun, E. O. Ibukun, E. Afor, E. M. Obuotor, and E. O. Farombi, "Phytochemical 

Constituent and Antioxidant Activity of Extract from the Leaves of Ocimum gratissimum," 

Science Research Essay, vol. 2, pp. 63-166, 2007. 

[114] H. O. Edeoga, L. C. Omosun, and L. C. Uche, "Chemical composition of Hyptis suaveolens and 

Ocimum gratissimum hybrids from Nigeria," African Journal of Biotechnology, vol. 5, pp. 892-

895, 2006. 

[115] I. Lucantoni, R. S. Yerbanga, G. Lupidi, E. Pasqualini, F. Esposito, and A. Habluetzel, 

"”Transmission blocking activities of a standardized neem (A. indica) seed extract on the rodent 

malaria parasite Plasmodium berghei in its vector Anopheles stephensi," Malaria Journal, vol. 9, 

pp. 116-118, 2010. 

[116] E. T. Oparaocha, I.  Iwu, and J. E.  Ahanaku, "Preliminary study on mosquito repellent and 

mosquitocidal activities of O.gratissimum (L) grown in eastern Nig," Journal of Vector Borne 

Diseases, vol. 47, pp. 45-50, 2010. 

[117] H. Jaberian, K. Piri, and J. Naziri, "Phytochemical composition and invitro microbial and 

antioxidant activities of some medicinal plants," Food Chemistry, vol. 136, pp. 244-273, 2013. 

[118] H. Bottenberg and B. B.  Sing, "Effect of neem leaf applied using the broom method on cowpea 

pests and yield," International Journal of Pest management, vol. 42, pp. 207-209, 1996. 

[119] S. K. K. Susmitha, V. K. K, P. Ranganayaki, and R. Vijayaragavan, "Phytochemical extraction 

and Antimicrobial properties of Azadirachta indica (Neem)," Global Journal of Pharmacology, 

vol. 7, pp. 316-320, 2003. 

[120] M. M. Cowann, "Plant products as antimicrobial agents," Clinical Microbiology Review, vol. 12, 

pp. 564-582, 1999. 

[121] N. K. Dubey, T. N. Tiwari, D. Mandin, H. Andriamboavonjy, and J. P. Chaumont, "Antifungal 

properties of ocimum gratissimum essential oil (Ethyl Cinnamate Chemotype)," Fitoterapia, vol. 

7, pp. 567-569, 2000. 

[122] L. E. N. Jackal, E. E. Inyang, and P. Nwobi, "The potential for controlling post flowering pests of 

cowpea, Vigna unguiculata Walp using neem Azadirachta indica A. Juss. Tropical pest 

management," vol. 38, pp. 56-60, 1992. 

[123] N. E. S. Lale and A. Mustupha, "Potential of combining neem (Azadirachta indica A. Juss) seed 

oil with varietal resistance for the management of cowpea bruchid, Callosobruchus maculatus (F) 

(Coleoptera: bruchidae)," Journal of Stored Products Research, vol. 36, pp. 215-222, 2000. 

[124] J. I. Okafor, E. I. Nweze, and O. U. Njoku, "Antimicrobial activities of the methanolic extracts of 

zapotica portericensis benth and cissus quadrangularis linn," Nigeria Journal of Pure and Applied 

Biology, vol. 1, pp. 58-99, 2001. 

[125] A. Sofowora, Medicinal plants and traditional medicines in Africa. Chichester New York. John 

Wiley and sons, 1993. 

[126] A. Kar, Pharmaocgnosy and Pharmacobiotechnology Revised-Expanded Second Edition. New 

Age International Limited Publishers, New Delhi, 2007. 

[127] M. M. H. Adeyemi, "The potential of secondary metabolites in plant material as deterrents against 

insect pests: A review," African Journal of Pure and Applied Chemistry, vol. 4, pp. 243-246, 

2010. 

[128] M. B. Sosan, F. B. Adewoyin, and C. O. Adewunmi, "Larvicidal properties of three indigenous 

plant oils on the mosquito Aedes aegypti," Nigeria Journal of Natural Products and Medicine, 

vol. 5, pp. 30-33, 2001. 

[129] C. O. Eleazu, K. C. Eleazu, E. Awa, and S. C. Chukwuma, "Comparative study of the 

phytochemical composition of the leaves of five Nigerian medicinal plants," E3 Journal of 

Biotechnology and pharmaceutical Research, vol. 3, pp. 42-46, 2012. 



Noble International Journal of Scientific Research 

 
135 

[130] A.  Celis, C. Mendoza, J. M. Pachon, W. Cardona, Delgado, and L. Cucu, "Extractos egetales 

utilizados como biocontroladores con enfasis en la familia Piperacea. Una evision," Agronomia 

Colombiana, vol. 26, pp. 97-106, 2008. 

 


