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ABSTRACT

Inereased demand for more sustainable agricultural practices and organic products coupled with
renewed awareness of potential negative effects of conventional pesticides on the environment are
serving as impetus to resort to reduced-risk plant-based pesticides. Most indigenous tropical African
spices like Aframomum melegueta, Afromomum citratum, FPiper guineense and Xvylopia aethiopica
are often advantageously widely used as low-cost, eco-friendly, low-risk pesticidal alternatives to
the conventional synthetic pesticides. These usually hot tasting, highly aromatic and strongly
pungent culinary spices are often associated with ethnomedical uses. Several empirically validated
studies have confirmed that these very odorous, locally available folkloric plants in Africa are potent,
insect feeding deterrents, repellents and often possess fumigant and/or insecticidal activities as well
as have potent. antimicrobial activities against major pathogens. Since some constituents of essential
oils from aromatic plants hinder the octopaminergic nervous system unique to insects, these
culinary spices are hence potential sources of reduced-risk pesticides. Gaven the prospects of global
warming, when it is postulated that most pestiferous organisms will experience shortened
developmental cycles and hence altered seasonality and inereased number of generations per any
given time, demand for easily available and biodegradable, low-cost and low-risk pesticides for
low-income peasant farmers and organic farmers in general will likely increase. This study
therefore gives a synoptic overview of the uses of the aforementioned spices as antifeedants,
repellents and insecticides as well as antimcobials. Prospects and challenges for vulgarizing these
potential alternative plant protectants in the face of anticipated climate change and hence large-
scale ecological and agricultural changes are also highlighted.
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INTRODUCTION

Despite the known negative effects of synthetic chemical pesticides to humans, other beneficial
organisms and the environment in general, if injudiciously used, these conventional pesticides are
still a vital tool in crop protection when crop damage become great enough to warrant emergency
measures. To circumvent or minimise the high cost and potential hazards of these chemicals,
farmers need to resort to more creative, easily affordable and sustainable pest management
methods to combat pest problems so as to sustain or increase yields and ensure food security. Given
the array of selective pressures that pests exert on plants, it is obvious that the plant kingdom offers
a tremendous diversity of bioactive phytochemicals that can serve as complementary or alternatives
to the conventional synthetic chemical pesticides. With the exception of sulphur, botanical
insecticides have been used longer than any other type of insecticide (Pedigo and Rice, 2008). Plant
extracts or their potent derivatives such as derris, rotenone, pyrethrum, nicotine, sabadilla,
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physostigmine, quassin or azadirachtin, have been used as insecticides for decades (Sarfraz and
Keddie, 2005; Simmonds ef al., 1992). Botanical pesticides are of interest to organic farmers because
the chemicals are natural products, hence easily biodegradable and are often thought of being safe
to handle and use on food preducts. Some botanicals or their derivatives such as pyrethrum-based
products have made an impact in crop protection and this has rekindled hopes for the resurgence
of plant-derived pesticides. Plant-derived pesticides are traditionally used and produced by farmers
in developing countries where these botanicals are locally readily available and appear to be quite
safe and promising (Stoll, 2000), Complex mixtures of lethal and sub-lethal phytochemicals in
botanicals often offer multi-factorial selective pressures that retard the development of resistance
in pests (Ntonifor et al., 2006). It is postulated that with glebal warming, pests will have shortened
developmental periods and hence increased number of cycles per given time with a consequent
exacerbation of pest problems.

(siven such a scenario, easily available, low-cost, eco-friendly and reduced-risk botanicals may
become attractive alternative pesticides to resource-poor farmers in developing nations and organic
farmers in general. Extracts and plant-derived chemicals of fruits, leaves and even roots of some
tropical African spicy plants have been variously used as protectants of post-harvest and field pests
for decades. In spite that some of these claims have not been scientifically empirically validated,
there is abundant documented evidence that some of these extracts and/or their derivatives are
potent antifeedants, repellents, fumigants or contact poisons of some major insect pests. Others
have antimicrobial activities against some major plant pathogenic organisms. This study offers a
synoptic overview of the biological activities of the following highly fragrant commonly used tropical
African spices; Aframomum melegueta (Rosk) K. Schum {Zingiberaceae), Afromomum citratum
{(Pareira) K. Schum (Zingiberaceae), Piper guineense Schum et Thonn (Piperaceae) and Xylopia
aethiopica (Dual) A. Rich (Annonaceae). Some challenges that require addressing as pre-conditions
to the large-scale sustainable explaoitation of these valuable environmentally friendly alternative
pesticides in the face of global warming and hence altered pest scenarios are also highlighted.

Antifeedant, repellent and insecticidal activities of plant derivatives
Grains of paradise, Afromomum melegueta: Afromomum melegueta is a tufted, leafy,
herbaceous perennial with short, scaly rhizome and a surface root system; it is cultivated and occurs
throughout the tropics though native to tropical Africa (Iwu, 1993; Dokosi, 1998). The plant,
especially the spicy edible fruit is used as a spice and flavouring in food but alse medicinally as well
to control plant pests and diseases.

Laboratory dual- and no-choice antifeedant activities of fruit extracts of the Grains of Paradise,
A. melegueta (Alligator pepper) have been elucidated using larvae of the Egyptian cotton leaf worm
Spodoptera littoralis (Boisduval) (Lepidoptera: Noctuidae). Leaf portions treated with either hexane
or methanolic fruit extracts showed strong dose-dependant antifeedant activities (Ntonifor ef al.,
2006). Similarly, the hexane, methancl and most importantly water extracts of A. melegueta
deterred feeding in third instars of one of the worldwide most important pests of cruiciferous crops,
the diamond back moth Flutella xylostella L. (Lepidoptera: Yponomeutidae) in laboratory
bioassays. Furthermore, the methanol and water extracts of the plant also caused at least 80%
mortality of second instars of the pest (Ntonifor et al., 2010). The pesticidal potentials of
A. melegueta as a feeding deterrent were also demonstrated earlier by Escoubas et al. (1995). These
authors showed that derivatives of the plant possess strong antifeedant actions against termites
attributed to the presence of the arylalkanoids 6-shogaol and gingerol. This may be an indirect
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validation of the folkloric indigenous methods of dispersing columns of drivers ants Dorylus sp.
by chewing the fruits of A, melegueta and spewing out the chewed pungent fruits across the
column of the ants which dispels the insects. Consistent with the potentials of A. melegueia as a
reduced-risk pesticide for field insect pests, aquecus extracts from the plant have also been used to
significantly reduce the abundance of AMaruca vitrata Fab. (Lepidoptera: Pyralidae) and
Clavigralla tomentosicollis Stal (Hemiptera: Coreidae) on field cowpea (Oparaeke et «l., 2005),
Paradol was identified as the major insecticidal constituent of 4. melegueta against the cowpea
storage bruchid, Callosobrochus maculatus (Lale, 2002). A, melegueta volatile oils also strongly
repelled 5. zeamais adults from maize grains thus highlighting the potential of using them in the
protection of stored grains by resource-poor farmers with local access to these plants (Ukeh et al.,
2010).

Each of the methanol and water extracts of the equally highly fragrant closely taxonomically
related but relatively less widely studied spice species Aframomum citratum also exhibited strong
dose-dependent antifeedant activity against 5. littoralis possibly due to the high content of geraniol
in its essential oils (Ntonifor ef al., 2008). Geraniol was demonstrated to be a strong repellent
against mosquitoes (Xue et al., 2003), Similarly, the hexane and methanol seed extracts of
A. citratum deterred feeding in Plutella xylostella reputed for its ability to develop resistance to
most conventional insecticides (Ntonifor et al., 2010). It is hypothesized that pesticidal
plant-extracts may be more effective against P. xylostella since they may retard the development
of resistance than synthetic pesticides or purified derivatives due to synergistic or potentiating
interactions among fairly complex phytochemicals in the extracts (Ntonifor et «l., 2010).
Interestingly and consistent with seed powders of A, melegueta, A. citratum seed powders also
caused significant mortalities of the cowpea seed weevil C. maculatus (Coleoptera: Bruchidae). This
is indicative that powders from the seeds of A, citratum have contact and/or fumigant toxic effects
on C. maculatus (Oben, 2008).

West African black pepper Piper guineense: Piper guineense is a climbing perennial forest
liana plant with gnarled branchelets spiralling on shrubs to about 10 m. The leaves are elliptic in
shape and highly aromatic when crushed. It is used as a flavouring and spice in food but it also has
several medicinal (Iwu, 1993) and pesticidal uses. The use of derivatives of P, guineense to protect
stored grain legumes and cereals against several post-harvest pests i1s a widespread age long
practice in Africa (Olaiva ef al., 1987). Crude extracts, essential oils and seed powders of the plant
are effective against the cowpea bruchid, Callosobruchus maculatus (Ivbijarc and Agbaje, 1986;
Ofuya and Dawodu, 2001) and also the closely related species C. subinnotatus on bambarra
groundnut (Veandzeia subterranea) seeds (Oparacke and Bunmi, 2006). P. guineense seed powder
exhibited acute toxicity and alse significantly reduced oviposition and emergence of C. subinnotatus
adults. Seed essential oils of the plant are also efficacious against Tribolium castanuem on stored
millet seeds (Lale and Yusuf, 2001). Several studies devoted to the evaluation of F. guineense seed
powders and its other derivatives on many weevils have been carried out. Products of the plant are
effective against the boll weevil, Anthonomus grandis Boh. (Scott and McKibben, 1978) and the
rice weevil, S. oryzae (Su, 1977). P. guineense seed products have equally demonstrated their
repellent, insecticidal and ovicidal potencies (Ntonifor and Monah, 2001; Tchoumbougnang et al.,
2009) as well as behaviour modifying capacities of the maize weevil, 5. zeamais (Awasalam and
Emosairue, 2006; Awasalam ef al., 2007). Sitophtlus zeamais adults were significantly repelled by
odours from P. guineense (Ukeh et al., 2010). An important aspect of these post-harvest studies 1s
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that proximate and chemical analysis of maize seeds treated with il extracts and powders of black
pepper revealed no adverse effects on the nutritional composition, normal colour, taste and texture
of the treated grains (Awasalam, 20086).

The potentials of P. guineense products as effective insecticides have also been demonstrated
on a wide range of major noxious field insect pests of arable crops. Kssential oils of the plant
exhibited acute toxicity to larvae of Aerae eponina Cramer, the adult cotton stainer Dysdercus
superstittousus Fab., flea beetle Ootheca mutabilis Sahlberg, and the pod sucking bug Riptortus
dentipes Fab on cowpea (Olaiva et al, 1987). Ekesi (2000) equally showed that crude water
extracts of black pepper seeds significantly reduced egg viability of the legume pod borer Maruca
vitrata. Similarly, crude extracts, essential oils and powders derived from F. guineense seeds are
effective against the European corn borer Ostrinia nubilalis Hubn, (Ewete et al., 1996); thrips,
larvae of Maruea vitrata, nymphs and adults of the ped sucking bug complex on cowpea dominated
by Clavigralla tomentosicollis Stal. (Oparaecke, 2007). A laboratory assessment of the repellent and
anti-feedant properties of aqueous extracts of F. guineense against the banana weevil Cosmopolites
sordidus Germar revealed potent repellent and feeding deterrent activities of the extracts (Inyang
and Emosairue, 2005), Other parts of the African black pepper also have pesticidal constituents;
for example a petroleum ether extract of its roots also exhibited insecticidal activity against the
house fly Musca domestica L. {Gbewonyo and Candy, 1992). This underscores the importance of
also screening the more abundant but often grossly underutilized leaves for their biological
activities.

The aforementioned studies are eloquent indications that constituents of various parts of
the African black pepper are insecticidal and/or have potent anti-insect activities. Some
identified bicactive chemicals in P. guineensee are piperine and chavicine reported to be insecticidal
to various crop pests (Su, 1977, Ckonkwo and Okoye, 1996). The mode of action of these
phytochemicals was reported to be contact toxiaity (Olaiya ef al., 1987). Ogunwolu ef al. (1998) also
attributed the toxic effects of the powder derivatives of the plant to the presence of piperine type
of amine alkaloids. They further postulated that the powder of the West African black pepper
may also cause physical abrasion to the cuticle of bruchids with a resultant loss of body
fluids or blockage of spiracles. The piperamides found in the genus Fiper are unique due to their
bi-functional nature with the amde functionality being neurotoxic and the methylenedioxyphenyl
moiety being an inhibitor of cytochrome P450 enzymes (Scott et al., 2003). A mixture of amides
contained in most Fiper species including FP. guineense indicates that these plants employ an
analogue synergism defence strategy (Berenbaum and Zangerl, 1998) whereby several similar
compounds augment the toxicity to herbivores to render it difficult for the insects to adapt and
become resistant (Feng and Isman, 1995). Several insecticidal unsaturated isobutylamides
including guineensine, pipericide and piperine were identified in P. nigrum (Miyakado ef al., 1989)
and also in P. gutneense (Parmar et al., 1997). Tchoumbougnang ef al., (2009) attributed the
contact toxicity of F. guineense seeds essential ocils against S. zemais to the presence of a high
content of monoterpenes. This spice generally has a high content of terpencids (Parmar et al., 1997,

Ntonifor et al., 2002),

West African pepper, Xylopia aethiopica: Xviopia aethiopica is an evergreen tall slim tree of
about 60-70 em and 15-30 m in diameter and height, respectively. It is highly aromatic and has
straight stems with slightly stripped or smooth back. It is native to the lowland rainforest and moist
fringe forest of the savannah zones of Africa (Irvine, 1961; Iwu, 1993). Seeds of X. aethiopica are
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used as culinary spices, flavourings and to prepare traditional medicines in various parts of Africa;
they are also employed as pesticides. Seed essential oils have shown significant dose dependent
toxicities to 5. zeamais adults, repellent activities as well as a reduction of progeny production
(Awasalam et «l., 2006). In related studies, ethanolic seed extracts of X. aethipica significantly
reduced adult fecundity and increased adult mortality of S. zeamais on partially resistant stored
maize (Babarinde ef @l., 2008). However, studies using the bruchid Callosobruchus subinnotatus
on stored bambarra groundnuts seeds treated with X. agthiopica seed powder revealed that bruchid
mortality was <35% compared to >85% for P. guineense treated seeds. The powder instead
encouraged maore oviposition on the treated seeds compared to seeds protected with P. guineense
seed powders or even the untreated control {Oparaeke and Bunmi, 2006). Similarly, results of field
studies on controlling Maruca vitrata and Clavigralla tomentosicollis on cowpea also showed that
plots treated with X, aethiopica aqueous seed extracts had lower grain yields compared to plots
treated with similar extract of P. guineense or A. melegueta singly (Oparaeke et al., 2005). These
confirm that X. aethiopica is less effective both as a post-harvest and a field pesticide than either
of A. melegueta or P. guineense.

The potent insecticidal activity of essential cils derived from X. aethiopica has been attributed
to their high terpencid contents which consist of a mixture of monoterpenes and sesquiterpenes
(Awasalam ef al., 2008). One of the various effects of plant terpenocids is their toxicity to insects
{(Metealf and Metcalf, 1992). Kouninki et al. (2007) tested the toxicity of the four main compounds
from the seed essential oil against S. zeamais namely; e-pinene, B-pinene, A-3-carene and terpinen-
4-ol and realized that f-pinene and terpinen-4-ol were responsible for 50% of weewvil mortality.

Antifungal and antimicrobial activities of derivatives of the target spices: Prospects of
A, melegueta, A. citratum, F. guineense and X. aethiopica as low-risk antimicrobials against
bacteria and fungi have alse been demonstrated in a number of studies. Apart from the wide
medicinal uses of A. melegueta as an antiinfective agent due to its antimicrobial and antifungal
activities (Iwu, 1993), it also has enormous potentials as a source of botanical fungicide in
particular and intimicrobial in general. Water and ethanol leaf extracts of the plant separately were
active against the soft rot causing fungi Aspergillus niger and Fusarium oxysporum and also
significantly reduced the growth of Botrvodiploidia theobromae mycelium on yam tubers
{Okigho and Ogbonna, 2008). Each of the water and ethanol peppery seed extracts of the plant was
used to reduce post-harvest deterioration of cassava caused by A. niger, Fusarium solani and
B. theobromae (Okigbho et al., 2009). Aqueous and ethanol extracts of A. melegueta similarly
prevented growth of the fungi B. theobromae, A. niger, A. flavus, Mucor sp., Rhizopus stolontfer,
Fenicillium sp. and Fusarium sp. isolated from deteriorating okro (Kjechi et al., 2008). Similarly,
A. melegueta seed powders were effective in reducing the microbial contents of tomato ketchup and
minced meat under laboratory conditions (Adegoke and Sagua, 2006). The Antimicrobial activities
of A. melegueta have been attributed to its essential oils, gingercl, shagaol and paradol
amongst other constituents (Iwu, 1993).

Bicassays conducted using the fungi A. flavus, A. niger and an unidentified yeast strain
revealed that aqueous seed extracts of F. guitneense prevented the growth of the fungi (Ilondu and
Iloh, 2007). In a like manner, A. niger and Ehizopus stolonifer were sensitive to P. guineense
extracts though the latter was only inhibited at concentrations above 0.5% compared to A. niger
at lower doses (Eruteya and Odunfa, 2009). The fungi Fusarium solani, Colletritichium sp.,
Pythium sp. and Cladosporium herbarium were sensitive to the essential oils rich hexane and ethyl
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acetate extracts of P. guineense seeds. Similarly, extracts of P. guineense seeds inhibited the growth
of Trichophyton rubrum and T. mentagrophyies and Basidiobolus haptosporus (Nwosu and
Okafor, 2009).

Studies within the last decade have confirmed that P. guineense derivatives are also potent
against both gram-negative and gram-positive bacteria strains. For example, essential oils of the
spice inhibited the growth of Pseudomonas aeruginosa UJCH 655 strain which was insensitive to
standard antibiotic drugs (Oyeden ef al., 2005). Ground seed powders of P. guineense at different
doses were also potent against Bactllus cereus, B. megaterium, B. coagulans and Knterobacter
sp. (Eruteya and Odunfa, 2009). Consistent with the potent antimicrobial action of derivatives of
the plant, its ground seed powders reduced spoilage of laboratory-processed tomato ketchup and
minced meat (Adegoke and Sagua, 2006). Some indigenous people in parts of West Africa claim that
a meal spiced with F. guineense takes longer to grow stale compared to its aliquot without the spice.

Gingerol and piperidine were highlighted as the constituents of P. guineense responsible for
its antifungal action (Deans and Ritchie, 1987) while other authors attributed the activity to the
presence of phenolic compounds and essential oils (Benjilali et al., 1984; Farag ef al., 1989;
Ilondu ef al., 2001).

Although Xvilopia aethiopica has a wide variety of applications in traditional medidicine in
Africa, its prospects as an antimicrobial pesticide has alse been demonstrated in a few studies.
Potent leaf aqueous extracts of the plant were used to reduce the growth of the rot causing fungi
Fusartum oxyporum, A. niger and A. flavus on yam tubers (Okigbo and Nmeka, 2005}, Ground
seed powders of the plant also reduced the bacterial population in tomato ketchup as well as had
inhibitory effects on yeast in minced meat (Adegoke and Sagua, 2006),

Hot water extracts from dry fruits of the spice reduced radial growth of the fungi Ustilago
maydis, Ustilaginotdea virens, Curvularia lunata and Fhizopus sp., thus demonstrating the
fungitoxic effects of the extracts (Awuah, 2008). Fruit extracts of the plants are known to be potent
against both gram positive and negative bacteria (Iwu, 1993), while xylopic acid from the spice was
active against Candida albicans (Boakye-Yiadom et al., 1977). Studies of other Xvlopia species
revealed that their ails exhibited moderate bacteriostatic and fungistatic activities (Fournier ef al.,

2006).

Perspectives and challenges of using these spices as pesticides: Given the array of
documented evidence on the potencies of products of these plants against various pests and
microorganisms, it is obvious that these strongly aromatic culinary spices offer a tremendous
diversity of bioactive compounds against several plant pests and pathogens. Some of these potent
phytochemicals can be used as sources of novel compounds or products on their own rights if given
appropriate research attention. Considering that these plants are used as spices, medicinal and
aromatic herbs, exploiting them as pesticides will require increased production of the plants. This
calls for the development of suitable propagation and cultivation methods. Currently, with the
slight exception of A. melegueta, most of the Aframomum species are still harvested from the wild.
However, this is not sustainable since some of these feral species can easily be harvested to
extinetion without their full potentials being discovered and exploited. Therefore, given the leads
provided by A. melegueta, there is an urgent need to bioprospect the clearly numerous other species
of this genus and study their ecologies as well as methods of domesticating these important
biological resources for sustainable exploitation. Based on chemotaxonomie relationships, plants of
the same genus are likely to have similar chemical constitutions.

Most. often only the seeds of these plants are used for medicinal, culinary and pesticidal
purposes understandably because the seeds often harbour the highest concentration of whatever
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bioactive ingredients. To minimize demand for the seeds for the various uses, it will be important
and expedient to screen other parts of the plants especially the leaves as possible sources of potent,
pesticide compounds for purposes of sustainability. Several of the studies conducted on these plants
have used either crude or partially purified extracts. It is therefore vital to carry out proper
bicassay- guided fractionation of these extracts to identify the precise active ingredient(s), study
their modes of actions as preludes to exploiting their synergistic, additive or potentiating effects.
The properly studied bioactive constituents can then be employed as ecologically less disruptive,
biodegradable, low-cost pesticides or as templates for novel synthetic chemicals.

Furthermore, knowing the precise identity of the active ingredients and their modes of action,
proportional combinations of these plant derivatives with those of other plants with a different
mode of action can be established. For example, in one of cur studies, a proportional combination
of B50:50% (1.5:1.5 g) P. guineense seed powder and ground dry cypress (Cyperus aequalis Vahl)
leaves caused very high mortality of Callosobruchus maculatus weevils on cowpea seeds similar
to 2 g of F. guineense powder used singly (Table 1). The combination significantly reduces the
quantity of the relatively more expensive P. guineense used in the mixture 1.e. significantly
reducing the cost of the preparation while maintaining its potency. Such proportional combinations
offer greater potential for large-scale exploitation since the mixtures are relatively cheaper and of
greater quantities.

(nven the highly aromatic nature of these plants and the proven efficacies of their derived
essential cils, these cils can be distilled and used in large-scale insect control as green pesticides in
like manner as those produced from other odorous plants like garden thyme (Thymus vulgaris),
rosemary (Rosmarinus officinalis) and many others (Isman, 2004; Koul ef al., 2008). Prior to any
large-scale exploitation of the oils, extracts and/or any other derivatives from the plants,
appropriate efficacy and safety trials as well as studies to develop acceptable
formulations and methods of standardization need to be carried out. However, since some
constituents of plant-derived essential cils interfere with the octopaminergic nervous system
unique to insects (Koul ef al., 2008), derivatives of these spices may not be toxie to humans and are
hence potential sources of reduced-risk pesticides.

Some of the insecticidal and insect behaviour modifying compounds as well as antimicrobial
constituents already identified from these tropical African traditionally used floras could be used
as templates for structure activity studies to optimize their potencies and safety. For example,
previous studies showed that different moieties attached to the piperidine ring conferred varied
toxicities against Aedes aegypti (Pridgeon ef al., 2007). Such optimizations will likely proeduce more
ecologically acceptable effective pesticides which can easily biodegrade inte non toxic products.

Table 1: Cumulative percent mortality of adult Callosobruchus maculatus caused by treating 100 g stored cowpea grains with different

combinations of Piper guineense and Cyperus aequalis powder or 0.05 g Actellic® dust

Combination (g: g)

Days
Treatment exposed 0:0 0:3 0.5:2.5 15156 2.5:0.5 3:0 0.05 actellic® LSD (p = 0.05)
P.guineense + C. gequalis 1 0+0.0 7.5+£21 10.0+24 17.0+23 37.5£1.8 40.0£0.0 98.8¢0.6 12.3
2 0+£0.0 17.5+2.0 275416 375419 663+13 83588+1.2 100.0+0.0 10.8
3 5£0.7  60.0+£0.6 60.0+09 86.3+0.8 98.8+£0.6 092.5+0.4 100.0+0.0 14.1
4 10+0.2 75.0+£0.8 81.3+06 925+03 100.020.0 975+0.6 100.0+0.0 126
5 10+0.3 86.3+0.4 91.3+0.8 97.5£0.5 100.0+0.0 100.0+0.0 100.0+£0.0 16.2
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The current upsurge trends in demands for organic food products should serve as a market,
opportunity and as an impetus for the sustainable exploitation of these reduced-risk, echo-chemicals
for the benefit of resource poor farmers in developing nations in particular and organic farmers in
general. Due to their biodegradability and favourable safety profiles, these plant-based pesticides
can play a vital role in achieving evergreen revolution (Dubey ef al., 2010).

ACKNOWLEDGMENT

Appreciations are extended to all authors whose references were used in this manuscript.

REFERENCES

Adegoke, .0, and V.Y, Bagua, 2008, Influence of different spices on the microbial reduction
and storability of laboratory-processed tomato ketchup and minced meat. Mol. Nutr. Food Res.,
37 352-355b.

Awasalam, E.F., 2006, Insecticidal and repellent properties of Piper guineense seed oil extract
for the control of maize weevil, Sitophilus zeamais. Electron. J. Environ. Agric. Food Chem,,
5:1389-1394.

Awasalam, E.F. and 8.0. Emosairue, 2006, Comparative efficacy of Fiper guineense (Schum and
Thonn) and pirimiphos methyl as poisons against Sttophilus zeamars (Motsch.). Electron.
J. Environ. Agrie. Food Chem., 5: 1536-1545,

Awagalam, E.F., S.0. Emosairue and A. Hassanali, 2006, Bicactivity of Xvilopia aethiopica (Dunal)
A. Rich essential oil constituents on maize weevil Sitophtlus zeamais Motschulsky
{Coleoptera:Curculionidae). KJEAFChe, 5: 1195-1204.

Awagalam, E.F., 8.0, Emosairue, F.Ekeleme and K. Wokocha, 2007, Efficacy of Fiper guuineense
{(Schum § Thonn) seed extract against maize weevil, Sitophilus zeamais (Mtschulsky) as
influenced by different extraction solvents. Int. J. Pest Manage., 53: 1-6.

Awuah, R.T., 2008, Fungitoxic effects of extracts from some West African plants. Ann. Applied
Biol., 115: 451-453.

Babarinde, 5.A., M.A. Adebayo and K. Oduyemi, 2008. Integrating varietal resistance with Xvlopia
aethiopica (Dunal) A. Richard seed extract for the management of Sitophilus zeamais
Motschulsky in stored maize. Afr. J. Biotechnol., 7: 1187-1191,

Benjilali, B., A. Tantaoui-Elaraki, A. Ayadi and M. Thalah, 1984. Methods to study anti-microbial
effects of essential oils: Application of the anti-fungal activity of six Morocean essences. J. Food
Prot., 47: 748-752.

Berenbaum, M.R. and A.R. Zangerl, 1996. Phytochemmecal diversity. Adaptation or random
variation?. Rec. Adv. Phytochem., 30: 1-24.

Boakye-Yiadom, K., N.I. Fiagbe and J.5. Ayim, 1977. Antimicrobial properties of some West, African
medicinal plants iv. Antimicrobial activity of xylopic acid and other constituente of the fruits of
Xvlopia aethiopica (Annonaceae). Lloydia, 40: 543-545,

Deans, 5.G. and G. Ritchie, 1987. Antibacterial properties of plant essential oils. Int. J. Food
Microbiol., b: 165-180.

Dokosi, O.B., 1998, Herbs of Ghana. Ghana Universities Press, Accra, Ghana, pp: 746.

Dubey, N.K., E. Shukla, A. Kumar, P. Singh and B. Prakash, 2010. Prospects of botanical
pesticides in sustainable agriculture. Curr. Sci., 98: 479-480.

Ejechi, B.O., A, Ojeata and S5.B. Oyeleke, 2008, The effect of extracts of some Nigerian spices on
biodeterioration of Okro (Abelmoschus (1..) Moench) by fungi. J. Phytopathol., 145: 469-472,

23



J. Entomol., 8 (1): 16-26, 2011

Ekesi, 5., 2000. Effect of volatiles and crude extracts of different plant materials on egg viability
of Maruca vitrata and Clavigralla tomentosicollis. Phytoparas, 28: 305-310,

Eruteya, O.C. and S.A. Odunfa, 2009. Antimicrobial properties of three spices used in the
preparation of Suya condiment against organisms isolated from formulated samples and
individual ingredients. Afr. J. Biotechnol., 8: 2316-2320.

Escoubas, P., L. Lajide and J. Mizutani, 1995, Termite antifeedant activity in Aframomum
melegueta. Phytochemistry, 40: 1097-1099,

Ewete, F.K., J.T. Arnason, J. Larson and B.J.R. Philogene, 1998, Biological activities of extracts
from traditionally used Nigerian plants against the Kuropean corn borer, Ostrinia nubilalis.
Entomol. Exp. Appl., 80: 531-537.

Farag, R.5., Z2.Y. Daw and S.H. Abo-Raya, 1989. Influence of some spice essential oils on
Aspergillus parastticus growth and production of aflatoxins in a synthetic medium. J. Food Set.,
54: 74-76.

Feng, E. and M.B. Isman, 1995. Selection for resistance to azadirachtin in the green peach aphid,
Mwyzus persicae. Cell. Mol Life Sei., 51: 831-833.

Fournier, G., A. Hadjiakhoondi, M. Leboeuf, A. Cave, B. Charles and J. Fourniat, 2006, Volatile
constituents of Xvlopia frutescens, X. pyvnaertii and X. sericea: Chemical and biological study.
Phytother. Res., 8 166-169,

Gbhewonyo, W.5. and D.J. Candy, 1992, Separation of insecticidal components from an extract of
the roots of male Fiper guineense (west African black pepper) by gas chromatography. Toxicon,
30: 1037-1042.

llondu, E.M,, B.O. Ejechi and J.A. Souzey, 2001, Microbial stability of jam prepared from velvet
tamarind and preserved by combined processes. Nig. J. Microbiol., 5: 93-95,

llondu, EM. and A.C. Iloh, 2007. Inhibition of three fungal isolates from sorrel drink (Zobo) using
hurdle technique. World J. Agric. Sei., 3: 339-343.

Inyang, UE. and 5.0. Emosairue, 2005, Laboratory assessment of the repellent and anti-feedant
properties of aqueous extracts of 13 plants against the banana weevil Cosmopolites sordidus
{Coleoptera: Curculionidae). Trop. Subtrop. Agroecosyt, 5: 33-44,

Irvine, F.R., 1961. Woody Flants of Ghana. 1st Edn., Oxford University Press, London.

Isman, ML.E., 2004, Plant Essential Oils as Green Pesticides for Pest and Disease Management. In:
Agricultural Applications in Green Chemistry, Nelson, V.M. (Fds.). ACS Pulisher, Washington
DC, USA. pp: 41-51.

Ivbijaro, M.F. and M. Aghaje, 1986. Insecticidal activities of FPipper guineense schum and thorn
and Capsicum species on the cowpea bruchids, Callosobruchus maculatus (F.). Insect Sci. Appl,,
7. 521-524.

Iwu, M.M., 1993, Handbock of African Medicinal Plants. 1st Edn., CRC Press, Boca Raton, FL.,
ISBN-10: 084934266X.

Koul, P., S. Walla and G.S. Dhaliwal, 2008, Essential oils as green pesticides: Potential and
constraints. Biopestic. Int., 4: 63-83.

Kouninki, H., T. Hance, F.A. Noudjou, G. Lognay and F. Malaisse ef «l., 2007, Toxicity of some
terpenoids of essential ails of Xylopia aethiopica from Cameroon against Sitophilus zeamais
Motschulsky. J. Applied Entomol., 131: 269-274.

Lale, N.E.S. and B.A. Yusuf, 2001. Potential of varietal resistance and Fiper guineense seed ail to
control infestation of stored millet seed and processed products by Tribolium castanuem
(herbst). J. Stored Prod. Res., 37: 63-75.

24



J. Entomol., 8 (1): 16-26, 2011

Lale, N.E.5. 2002, Stored Product Entomology and Acarology in Tropical Africa. 1st Edn., Mole
Publication, Maiduguri, pp: 204.

Metealf, R.L. and E.R. Metecalf, 1992, Plant Kairomones in Insect Ecology and Control. Chapman
and Hall Inc., USA, pp: 168,

Miyakade, M., I. Nakayama and N. Onho, 1989. Insecticidal Unsaturated Isobutylamides:
From Natural Products to Agrochemicals Leads. In: Insecticides of Plant Origin, Arnason, J.T.,
B.J.R. Philogene and P. Morand (Kds.). American Chemical Society, Washington, D.C,,
pp: 175-187.

Ntonifor, N.N. and I.M. Monah, 2001. Use of three spices to protect stored maize against
Sttophilus zeamis. Trop. Sci., 41: 74-77.

Ntonifor, N.IN., R.H. Brown and [. Mueller-Harvey, 2002, Advantages of Soxflo extractions
for phytochemical analysis and bicassay screening. 1. Terpenoids. J. Agrie. Food Chem.,
50: 6295-6300.

Ntonifor, N.IN., I. Mueller-Harvey, HF. van Emden and R.H. Brown, 2006, Antifeedant activities
of crude seed extracts of tropical African species against Spodoptera littoralis (Lepidoptera:
Noctuidae). Int. J. Trop. Insect Sci., 26: 78-85,

Ntonifor, N.N., [. Mueller-Harvey and R.H. Brown, 2010. Extracts of tropical African spices are
active against Plutella xylostella. J. Food Agric. Environ., 8: 498-B02.

Nwosu, M.O. and J.I. Okafor, 2009. Preliminary studies of the antifungal activities of some
medicinal plants against Basidiobolus and some other pathogenic fungi. Mycoses, 38 191-195,

Oben, E.O., 2006, Evaluation of some local plant materials against the cowpea weevil
Callosobruchus maculatus (Fab) on cowpea Vigna unguiculata (L) Walp. M.Se. Thesis,
University of Buea, Cameroon.

Ofuya, T.I. and E.O. Dawodu, 2001. Aspects of Insecticidal action of Fiper guineense Schum
and Thonn fruit powders against Callosobruchus maculatus (F.) Coleoptera: Bruchidae). Nig.
J. Entomol., 19: 40-50,

Ogunwolu, E.O., J.0O. Igoli and N.IN. Longe, 1998 Reduction in reproductive fitness of
Callosobruchus maculatus F. exposed to Zanthoxyvlum zanthoxyloides (Lam.) Watern. J. Herbs,
Spices Med. Plants, 6: 19-27,

Okigbo, E.N. and LA, Nmeka, 2005, Control of yam tuber rot with leaf extracts of Xvlopic
aethiopica and Zingiber officinale. Afr. J. Biotechnol., 4: 804-807.

Okigho, E.N. and U.O. Oghbonna, 2008, Antifungal effects of two tropical plant leaf extracts
(Occimum gratissimum and Afromonum meleguata on Post harvest yam (Dioscorea sp.). Afr,
J. Biotech., b: 727-731.

Okigbo, R.IN., R. Putheti and C.T. Achusi, 2009. Fost-harvest deterioration of cassava and
its control using extracts of Azadirachia indica and Afamomum melegueta. K. J. Chem,,
6:1274-1280.

Okonkwo, E.O. and W.I. Okoye, 1996, The efficacy of four seed powders and the essential cils as
protectants of cowpea and maize grains against infestation by Callosobruchus maculatus
(Fabricius) (Celeoptera: Bruchidae) and Sitophilus zeamais (Motschulsky) (Coleoptera:
Curculionidae) in Nigeria. Int. J. Pest Manage., 42: 143-1486.

Olaiya, J.I., W.O. Erhun and A E. Akingbchungbe, 1987, Insecticidal activity of some Nigerian
plants. Insect Sei. Appl., 8: 221-224,

Oparaeke, A.M., M.C. Dike and C.I. Amatobi, 2005, Field evaluation of five Nigerian spices for
control of post-flowering insect pests of cowpea, Vigna unguiculata (L) Walp. Flant Prot. Sei.,
41: 14-20.

25



J. Entomol., 8 (1): 16-26, 2011

Oparaeke, A.M. and J.0. Bunmi, 2006, Bioactivity of two powdered spices (Fiper guineense schum
and thonn and Xylopia aethiopica (Dunal) A. Richards) as home made insecticides
against Callosobruchus subinnotatus (Pic) on stored bambarra groundnut. Agric. Trop.
Subtropica, 29: 132-135.

Oparaeke, AM.,, 2007. Toxicity and spraying schedules of a biopesticide prepared from Fiper
guineense against two cowpea pests. Plant Prot. Seci., 43: 103-108,

Oyedeji, O.A., B.A. Adeniji, O, Ajayi and W.A. Konig, 2005. Kssential il composition of
Fiper guineense and its antimicrobial activity: Ancther chemotype from Nigeria. Phytother.
Res., 19: 362-364.

Parmar, V.S., 8.C. Jain, K.8. Bisht, R. Jain and P. Taneja et @l., 1997. Phytochemistry of the
genus Fiper. Phytochemstry, 46; 597-673.

Pedigo, L.P. and M.E. Rice, 2006, Entomology and Pest Management. 5th Edn., Prentice Hall,
Upper Saddle River, USA., pp: 749,

Pridgeon, JW., K.M. Meepagala, J.J. Becnel, G.G. Clark, R. M. Pereira and K.J. Linthicum, 2007,
Structure-activity relationships of 33 piperidines as toxicants against female adults of Aedes
aegypti (Diptera: Culicidae). J. Med. Entomol., 44: 263-269,

Sarfraz, M. and B A, Keddie, 2005, Conserving efficacy of insecticides against Plutella xylostella
(L.) (Lepidoptera: Plutellidae). J. Applied Entomol., 129: 149-157.

Scott, W.P. and G.H. McKibben, 1978, Toxicity of black pepper extract to boll weevils. J. Econ.
Entomeoel., 71: 343-344,

Scott, .M., H. Jensen, J.G. Seott, M.B. Isman, J.T. Arnason and B.J.R. Philogene, 2003. Botanical
insecticides for controlling agricultural pests: Piperamides and the Colorade potato beetle
Leptinotarsa decemlineata Say (Coleoptera: Chrysomelidae). Insect Biochem. Physiol,,
54: 212-225.

Simmonds, M.S.J., H.C. Evans and W.M. Blaney, 1992. Pesticides for the Year 2000:
Mycochemicals and Botanicals. In: Pest Management and Environment in 2000, Aziz, A,
S A, Kadir and H.S. Barlow (Eds.). CAB International, Oxon, UK., pp: 127-164.

Stoll, G, 2000, Natural Crop Protection in the Tropics: Letting Information Come to Life. 2nd Edn.,
Margraf Verlag, Germany, ISBN: 3823613170, pp: 101-13%.

Su, H.CF., 1977. Insecticidal properties of black pepper to rice weevil and cowpea weevil. J. Econ.
Entomol., 70: 18-21.

Tchoumbougnang, F., J.P.M. Dogmo, M.L.. Sameza, F'. Ndifor, N.A.V. Wouatsa, P.M.A. Zollo and
C. Menut, 2009. Coparative essential cils composition and insecticidal effect of different tissues
of Piper capense L., Fiper guineense Schum. Kt Thonn., Piper nigrum L. and Fiper umbellatum
L. grown in Cameroon. Afr. J. Biotechnol., 8 424-431.

Ukeh, D.A., M.A. Birkett, T.J. Bruce, E.J. Allan, J.A. Pickett and A.J. Luntz, 2010. Behavioral
responses of the maize weevil, Sttophilus zeamais, to host (stored-grain) and non-host plant
volatiles. Pest Manage. Sci., 66 44-50,

Xue, R.D., A. Al and D.R. Barnard, 2003. Laboratory evaluation of toxicity of 16 insect repellents
in aerosol sprays to adult mosquitoes. J. Am. Mosq. Control Assoc., 19: 271-274.

26



	JE.pdf
	Page 1


