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ABSTRACT 

niorictivity rind insecticidal properties of seeds of different plants, e.g. natai 

(C'acs11/pi11iu honduc L., family-Fabaceae), alkushi (Mucuna pruriens L., family

Papilion;iceae), rnkla chandan (Adenanthera pavonina L., family-Fabaceae), bahara 

(Terminalio belerica Geartn., family-Combretaceae), kalojam (Syzygium cumini L., 

family-Myrlaceae) and jayfol (Nfyristica Jragrans Houtt., family-Myristicaceae) on 

bacteria, fungi, brine shrimp and the insect A lphitobius diaper in us were 

investigated. 

Toxic e!Tects the methanolic and chloroform seed extracts on some microbes 

(bacteria: Racillm mcgatcrium, Bacillus cereus, Staphylococcus aureus, Sarcina 

lutea, Streplococc11s-~haemolyticm, Shigella shiga, Shigella dysenteriae, Shiga/la 

boydii, Shigella .wnnei, Salmonella typhi, Escherichia coli, Klebsiella sp., 

Pseudomonas aernginosa and Proteus sp.; and fungi: Aspergillus famigatus, 

A.vperg;//us flavus, Candhfa alhicans, Colletotrich11m falcatum, Fusarium 

oxysporum, Muco,· sp., Penicellium sp., and Vasin factum) were determined. The 

bioactivity of the extracts on the Brine. Shrimp, Artemia was also observed. In 

addition, the toxicity of the extracts on the beetle, Alphitobius diaperinus was 

determined. Methanolic extrncts of all seed parts showed more toxicity on the 

microbes, brine shrimp and the beetle. 

The seed extracts of the test plants showed toxic effects on the microbes 

tested by inhibiting their growth. 

The lindings of the investigation elucidated that the melhanolic extract of all 

test planls rossessed strong residual toxic effects on A. diaperinus that may have 

promising p(11entiill in controlling slornge pest mimagemcnt programs. 
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GENERAL INTRODUCTION 

t. t. lNTRODUC'TION 

Medicinal plants are the local heritage with global importance. The 

world i:-. endowed with a rich wealth of medicinal plants. Herbs have always 

been lhc principal form of medicine in India and presently they are 

becoming popular throughout the developed world, as people strive to stay 

healthy in the face of chronic stress and pollution. and to treat illness with 

medicines that work in concert with the body's own defenses. People in 

Europe. NClrth America and Australia are consulting trained herbal 

professionals and are using the plant medicines. Medicinal plants also play 

an importnnt role in the lives of rural people, particularly in remote parts of 

develor,ing countries with few health facilities. 

The variety and sheer numher of plants with therapeutic properties is 

quite astonishing. It is estimated that around 70,000 plant species, from 

lichens to flowering trees, have been used at one time or another for 

medicinal purposes. The herhs provide the starting material for the isolation 

or synthesis of conventional drugs. In Ayurveda about 2,000 plant species 

are conshkrcd lo have medicinal value, while the Chinese Pharmacopoeia 

lists over 5,700 traditional medicines, most of which are of plant origin. 

Ahout 500 hcrhs are still employed within conventional medicine, although 

whole plants are rarely used. 

Medicinal plants are a living and irreparable resource, which is 

exhaustible if over used and sustainable if used with care and wisdom. The 

impc1rtancc of medicinal plants has heen overlooked in the past. However. at 

present nwdicinal plants arc looked upon not only as a source of affordable 

health c-arc hut al~o as a source of income. According to WHO report, over 
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80% of the world population relies on traditional medicine largely plant 

based for their primary healthcare needs. 

The recent past has witnessed an upsurge in the popularity of the 

herbal medicines. In the developing countries, about 80% of the people 

depend upon the traditional system of medicine and 95% of the industrial 

need of this in met through indiscriminate collection from wild. The 

indiscriminate collection of plants has led to considerable genetic erosion 

and loss or biodiversity including plants of medicinal value. 

Plants are the richest source of bioactive organic chemicals on earth. 

The total number of plant chemicals may exceed 40,000. Although only 

about 10,000 secondary plant metabolites, whose major role in the plants 

against insect pests is defensive (Swain 1977). About 2000 plant species 

belonging to over I 70 families posses insecticidal properties (Feinstein 

1952). Recently, Grainge and Ahmed ( 1988) have listed approximately 

2400 plant species as pesticides. Among them 1100 are insecticidal, 2 

accaricidal, 230 antifeedant, 225 repellent, 32 growth regulators and I 

chemosterilant. 

In Latin oleum means oil. They are the most important sources of 

energy in the diets of mankind. The term oil is a generic expression for a 

great variety of chemical substances which are composed principally, if not 

exclusively, of carbon and hydrocarbon (Metcalf and Flint 1962). 

Chemically fatty oils and fat do not differ, the distribution being a physical 

one depending on temperature. Fat is a solid at room temperature whereas 

an oil is a liquid under the same conditions. Fats usually come from animals 

and oils are generally obtained from plants. Fats and oils are esters of 

glycerol and fatty acids. They are commonly called triglycerides or simply 

glyccridcs. 
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ln tropical countries like Bangladesh, India, Thailand, etc. the climate 

and storage conditions are much favourable for the growth and development 

of storage pests (Jacobson 1977, Golob and Muwalo 1984). The presence of 

the insect in stored foods directly affects both quality and quantity of the 

commodity (Sinha I 971, Wilbur and Mills 1985, Burkholder and Fanstini 

199 I, Monda! I 992, 1994 ). Storage losses from insect attack are often as 

great as sustained by the growing crops. Estimates of losses to the world's 

supply of stored grains from insect damage ranges from 5-10% of the world 

production (Burkholder 1990). In tropical countries 20% or more may occur 

through the insect attack after harvest (Monda! and Port 1995) because the 

climate and storage condition in the tropical countries are highly favourable 

for insect growth and development. In Bangladesh the annual loss amounts 

to over I 00 crores taka (Alam 1971 ). A large number of insects including 

many species of beetles and moth attack stored food. In developing 

countries, the greatest losses during storage to cereals and other durable 

commodities such as pulses and oilseed are caused by a number of insect 

pests. 

The wide-scale commercial use of plant extracts as insecticides began 

in the I 9850s with the introduction of nicotine from Nicotiana tabacum, 

rotenone from Lonchocarpus sp, derris dust from Derris elliptica and 

pyrethrum from the flower heads of Chrysanthemum cinerariaefolium 

(Reed and Arthur 200). 

Golob and Webley ( I 980) produced a bibliography summarising 

traditional methods used by fanners throughout the world to protect stored 

products. They also collected published scientific research on the use of 

extracts of plant materials. Rees et al. (1993) produced a bibliography 

database of 1100 references citing the use of alternative methods to 

conventional synthetic insecticides, for the control of stored-product insect 



General Introduction lb 4 

pests. These included the use of plant materials, extracts and oils. (Golob et 

al. 1999) reviewed the use of spices and medicinal plants as bioactive grain 

protectants. 

Fam1ers have been using plant extracts in pest control for centuries. 

This method of pest control provides an ideal source of low cost, safe and 

effective pesticides. Extracts of plant material rely on the solubility of the 

active compouncls and it may cause repellency to. insects and may show 

(Sighamony et al. 1984), antifeedant or other type of bioactivities against 

insects (Jnyasinghe and Fujimoto 1990, Morallo-Rejesus et al. 1990 and 

1993, Adalla et al.1993, Facknath and Kawol 1993, Kim et al. 1994, 

Naumann et of. I 994, Nil,er 1994, Rajuraman and Saxena 1994, Braverman 

and Chizov-Oir17:burg 1997, Ho et al. 1997, EI-Lakwah and Abdel-Latif 

1998, [ Icrmawan et al. 1998, Ndungu et al. 1999 and Jannet et al. 2000). 

Jn Bangladesh, cereals like paddy, wheat, barley, maize, joar, kaon, 

and bajra oilseeds, pulses, potatoes, spices, etc. are stored both as seeds and 

foods in a dried condition. Other products, such as oilcakes, tobacco and 

many other agricultural products are stored in considerable quantities. In 

such conditions all these products are infested by a large number of insect 

pests cm.ming severe damage and great economic loss (Alam 1971, Khan 

and Mannan 1991 ). 
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Botanical description 

An extensive climber; branches finely grey-downy, anned with 

"hooked and straight" hard yellow prickles. Leaves 30-60 cm. long; petioles 

prickly; stipules a pair of reduced pinnae at the base of the leaf each 

furnished with a long mucronate point; pinnae 6-8 pairs, 5-7.5 cm. long, 

with a pair of book stipulary spines at the base. Leaflets 6-9 pairs, 2-3.8 by 

1.3-2.2 cm., membranous, elliptic-oblong, obtuse, strongly mucronate, 

glahrous above, more or less puberulous beneath; petiolules very short; 

stipels of short hooked spines. Flowers in dense (usually spicate) long

peduncled terminal and supraaxillary racemes dense at the top, lax 

downwards, 15-25 cm. long; pedicels very short in bud, elongating to 5 mm. 

in flower and 8 mm. in fruit, downy; bracts squarrose, linear, acute, reaching 

1 cm. long, fulvous-hairy. Calyx 6-8 mm. long, fulvous-hairy; lobes 

obovate-oblong, obtuse. Petals oblanceolate, yellow. Filaments declinate 

flattened at the base, clothed with long white silky hairs. Pods shortly 

stalked, oblong, 5-7 .5 by 4.5 cm., densely armed on the faces with wiry 

prickles. Seeds 1-2, oblong. lead-coloured, 1.3 cm. long. 

Distribution 

C. bonduc is distributed widely in the tropics and subtropics and is 

found in moist areas throughout India, Bangladesh, Sri Lanka, Burma, 

China, Philippines, Malaysia, Tropical Africa, Afghanistan, Madagascar, 

Pakistan, etc. (Hutton 2001). In Bangladesh it is very common in many parts 

and oflen occurs gregariously. 

Medicinal Uses 

The root-bark is good for tumours and for removing the placenta. The 

sprouts are useful in the treatment of tumours. The juice of the leaves is 
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anthelmintic; good in elephantiasis and small pox; destroys the bad odour 

due to perspiration. The flower is bitter, healing to the body; cures "kapha" 

and "vata"; the ash is used in ascites. The fruit is acrid, heating to the body; 

astringent to the bowels, aphrodisiac, anthelmintic; cures urinary discharges, 

leucorrhwa, piles, wounds. The oil from lie fruit is good for indolent ulcers 

(A_vurveda). .. ; 

The seed is hot and dry; styptic, antiperiodir, anthelmintic, prevents 

contagious diseases; cures inflammations; useful in colic, malaria, 

hydrocele. skin diseases, leprosy (Yununi). 

In an official report, the Madras Committee for the propose 

revision of the Indian Pharmacopoeia, remark that "the seeds an very 

useful and cheap and antiperiodic, antipyretic, and tonic; valuable in all 

ordinary cases of simple, continued and intermittent fevers. They have also 

been found useful in some cases of asthma". 

In Madras, an ointment is made from the powdered seeds with castor 

oil and applied externally in hydrocele and orchitis. In disorders of the liver, 

the tender leaves are considered very efficacious. ln Cochin China they are 

reckoned as a deobstnient and emmenagogue; and an oil expressed· from 

them is given in convulsions, palsy. and similar complaints. 

In Malaya. the young leaves are used in intermittent fevers, and for 

expelling intestinal wonns. In Ceylon, they are applied for toothache, and 

they ore also given for worms in children. 

ln La Reunion and Madagascar, the roots are considered febrifuge 

and anthelmintic; they are much used as an astringent in leucorrhoea and 

blennorrhagia. The seeds are considered tonic, febrifuge, anthelmintic, 

antiblennorrhagic, and specific in the treatment of hydrocele. The oil from 



General Introduction l!!J 8 

the seeds is used in convulsions and paralysis. The leaves are a good 

emmenagogue. 

In Guinea, the pounded seeds are considered yesicant; a decoction of 

the root is prescribed in fever; the boiled leaves are used as a gargle for sore 

throat. 

The powdered seeds were administered mixed with equal part of 

pepper powder to malarial patients and were found to possess feeble 

antiperiodic properties. In malignant malaria, they did not do nay good. The 

leaves and seeds after roasting with castor oil are applied externally to 

inflammatory swellings especially to inflamed piles, hydrocele, and orchitis 

with benefit 

The seeds contain a fairly good percentage of pale yellow thick oil 

having a disagreeable odour. It has iodine value of 96.1 and saponification 

value of 292.8. We could not confirm _the presence of a alkaloid as noted by 

the previous investigators, but they contain a non-glucosidal bitter principle 

insoluble in water which is pharmacologically inactive. According to some 

authors the quantity of oil varies between 20 to 25 per cent, whereas in our 

specimen we did not get more than 14 per cent. As the seeds do not show 

any marked therapeutic properties and the reinvestigation of their chemical 

composition does not reveal the presence of any active principles with 

marked physiological action, further clinical trials were considered 

unnecessary. 

The seeds are ground in water and given internally in snakebite. The 

seeds are not an antidote to snake-venom. Tumminkatti and Puntambekar 

have carried out the chemical examination of the seeds and their oil. 
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Plate 1: Nickerbean, Caesalpinia bonduc, with spiny seed pods that mature 

in fall 
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Distribution 

Originated in India, it is now commonly found throughout the tropics. 

Medicinal Uses 

M. pruriens is one of the popular medicinal plant of India and is• 

constituent of more than 200 indigenous drug formulations. It is widespread 

over most of the subcontinent and is found in bushes and hedges and dry

deciduous, low forests throughout the plains of India (Sister and Kavathekar 

1990, Agharkar 199 I, Singh et al. 1996). All parts of Mucuna posses 

valuable medicinal properties (Pandey 1998, Pandey 1999, Caius 1989) and 

there is a heavy demand of Mucuna in Indian drug markets. After the 

discovery that Mucuna seeds contain L-dopa, an anti-Parkinson's disease 

drug, its demand in international market has increased many fold (Farooqi 

1999) and demand has motivated Indian farmers to start commercial 

cultivation. 

Roots, according to the Ayurveda, are bitter, thermogenic, 

anthelmintic, diuretic, emollient, stimulant, aphrodisiac, purgative, 

febrifuge. tonic. It is considered useful to relieve constipation, nephropathy, 

strangury, dysmenorrhoea, amenorrhoea, elephantiasis, dropsy, neuropathy, 

consumption, ulcers, helminthiasis, fever, and delirum (Lindley 1985, 

Ramnath 1992, Warrier 1996, Shalini 1997, Upadhyay 2000). 

Leaves are popular pot herbs and are used as a fodder crop. Leaves are 

useful in ulcers, inOammation, cephalagia and general debility. 

The trichomes of pods contain mucunain and serotonin and as a result 

pod causes itching, blisters, and dermatitis. Pods are also used as vegetable. 

Pod hairs (trichomes) are used as anthelmintic. Hairs mixed with honey 

have been used as vermifuge. As ointment prepared with hairs act as a local 

stimulant rmd mild vesicant (Shastry and Kavathekar 1990, Chandra 1993, 

Rajsbabi University Librar, 
Documi:n1atiun Section 
Document No.::D..:;.~~~O 
DaA_ /0) •.2_,0 7-

1,CJ.1,.,¥"...,. ... ';..J. .............. .. , 



General Introduction /JlJ 12 

Shastry 1995). Beside medicinal properties, Mucuna fixes nitrogen and is as 

a green manure and cover crop. 

Seeds contain L-DOPA (4-3,4-dihydroxy phenylalanine), glutathione, 

lecithin, gallic acid, glycosides, nicotine, prurenine, prurenidine, dark brown 

viscous oil. It is a source of minerals (Rastogi and Mehrotra 1991a and b, 

Singh et al. 1995). According to Ayurveda, seeds are astringent, laxative, 

anthelmintic, aphrodisiac, alexipharrnic and tonic. Extract of dried seeds 

taken orally by human adults was active with improvement in erection, 

duration of coitus, and postcoital satisfaction. 

Plate 2: Alkushi, Mucuna pruriens, with flowers and seeds 
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1.2.3. Adenanthera pavonina L. 

Common Name: Rakta Chandan, Raktakanchan, Red Sandalwood, etc. 

Taxonomic position 

Kingdom 

Subkingdom 

Superdivision 

Division 

Class 

Subclass 

Order 

Family 

Genus 

Species 

Botanical Description 

Plantae 

Tracheobionta 

Spermatophyta 

Magnoliophyta 

Magnoliopsida 

Rosidae 

Fabales 

Fabaceae 

Adenanthera 

Adenanthera pavonina L. 

A small unarmed tree 6-15 m. high; young parts glabrous. Leaves 2-

pinnate, 20-30 cm. long; petioles 5-10 cm. long; pinnae 3-6 pairs, opposite, 

7.5-15 cm. long, with a stalk 1.3-2 cm. long, Leaflets alternate, 4-8 pairs, 

2.5-3.8 by 0.8.2 cm., papery, elliptic-oblong obtuse, glabrous, dark green 

above, glaucous beneath, base shortly cuneate, unequal sided; petiolules 3 

mm. long. Flowers in short-peduncled racemes 5-15 cm. long, axillary or 

panicled at the ends of the branches; pedicels 2.5-3 mm. long, slender. 

Calyx minute; lobes short, triangular. Corolla pale yellow, about 3 mm. 

long; segments united at the base only, linear-lanceolate, acute, valuate, 

Stamens I 0, free, hardly exserted; anthers gland-creasted. Pods 15-23 by 

1.6.2 cm., flat, facately curved. pointed, tapering to the base, the values 

spirally twisted after dehiscence. Seeds 8-15, lenticular-globose, with a 

blunt keel. smooth, shining, usually brilliant scarlet, 8 mm. diam. 
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Dis tribu f ion 

Banglndesh, Bum1a, W. Peninsula, Ceylon- Malay Islands, Tirnor, 

China, Philippines. 

The Red Sandalwood is believed to be able to fix nitrogen and thus 

help rejuvenate soils. 

Medicinal Uses 

The young leaves can be cooked and eaten, but usually only during 

famine. The leaves ,vcre also used to supplement animal fodder, or mulched 

to fertilise crops. The seeds were eaten in Melanesia and Polynesia and the 

people there called it the "food tree". The seeds were roasted before eating. 

Elsewhere they are boiled. In Java, they are roasted, shelled, then eaten with 

rice. They are said to taste like soybean. The raw seeds are toxic and may 

cause intoxication. Studies show the cooked seeds to be rich in oil and 

proteins, and nre easily digested by hoth humans and livestock. 

These attractive seeds have been used as beads in jewellery, leis and 

rosaries. They were also used in ancient India for weighing gold. The seeds 

are curiously similar in weight. Four seeds make up about one gram. In fact 

the name "saga" is traced to the Arabic term for "goldsmith". In India, it is 

believed that a person may have as many wishes as elephants found in a 

saga seed. The ground seeds can produce an oil which was used as an 

industrial lubricant. The hard, reddish wood is used to make cabinets, often 

in place of true sandalwood. With exposure to light, the wood slowly turns 

purplish-red. ft is also valued as firewood as it bums well. The tree resprouts 

new hranchcs easily and so is not damaged by harvesting for firewood. A 

red dye is obtained from the wood and used by the Brahmins to make 

religious markings on their forehead.c;. ln Malaysia and Indonesia. the trees 
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also provided shade and were planted as "nurse trees" in coffee, clove and 

rubber plantations. 

The powdered seeds make a useful external application hastening 

suppuration. A decoction is made from the leaves in South India, and given 

as a remedy for chronic rheumatism and gout. If used for any length of time, 

it is said to be an aphrodisiac. This decoction is said to be useful in 

haemorrhage from the bowels and haemanturia. The seeds yield about 14 

per cent of oil which contains 25 per cent of lignoceric acid. 

A red powder made from the wood is also used as an antiseptic paste. 

In ancient Indian medicine, the ground seeds are used to treat boils and 

inflammations. A decoction of the leaves is used to treat gout and 

rheumatism. The bark was used to wash hair. 

Plate 3: Rakta Chandan, Adenanthera pavonina, with seeds 
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1.2.4. Terminalia bellirica (Gaertn.) Roxb. 

Common Name: Bahera, Boira, Belleric myrobalan, etc. 

Kingdom 

Subkingdom 

Superdivision 

Division 

Class 

Subclass 

Order 

Family 

Genus 

Species 

Botanical Description 
·, 

Plantae 

T racheobionta 

Spermatophyta. 

Magnoliophyta 

Magnoliopsida 

Rosidae 

Fabales 

Combretaceae 

Terminalia 

Terminalia bellirica (Gaertn.) Roxb. 

A large deciduous tree, I 0-20 m. high. Leaves gathered about the 

extremities of the branches, alternate, coriaceous, 10-20 by 7-15 cm., 

broadly elliptic or elliptic-obovate, rounded or rarely subacute or shortly 

acuminate, both surfaces puberulous when young, glabrous and reticulate 

when old, the margins entire, pellucid, base narrowed; main nerves 6-8 

pairs, spreading, prominent, the midrib prominent 'on both surfaces; petioles 

2.5-10 cm. long, without glands at apex. Flowers pale greenish yellow, with 

an oflcnsive odour, in axillary slender spikes longer than the petioles but 

shorter than the leaves, those in the upper part of the spike male and very 

shortly pcdicelled, those in the lower part hermaphrodite, sessile. Bracts 

linear, early caducous. Calyx pubescent outside, inside woolly with long 

brown hairs; teeth broadly triangular, acute. Young ovary always tomenlose/ 

Drupe 12-25 mm. diam., ovoid, grey, suddenly narrowed into a very short 

stalk, velvety, obscurely 5-angled when dried. 
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1.2.5. Syzygium cumini (L.) Skeels 

Common names: Jam, Jambolana, Black plum, etc. 

Taxonomic position 

Kingdom 

Subkingdom 

Superdivision 

Division 

Class 

Subclass 

Order 

Family 

Genus 

Species 

Botanical Description 

Plantae 

Tracheobionta 

Spermatophyta 

Magnoliophyta 

Magnoliopsida 

Rosidae 

Myrtales 

Myrtaceae 

Syzygium 

Syzygium cumini (L.) Skeels 

A smooth tree of the Myrtaceae family. Four to fifteen meters in 

height. Leaves leathery oblong ovate to elliptin or obovate and 6 to 12 cm 

long, the tip being broad and shortly pointed. The panicles are borne mostly 

from the branchlets below the leaves often being axillary or tenninal, and 

are four to six cm long. The flowers are numberous, scented, pink or nearly 

white, without stalks, and borne in crowded fascicles on the ends of the 

branch lets. The calyx is funnel shaped, about 4 mm long, and 4 toothed. The 

petals cohere and fall all together as a small disk. The stamens are very 

numerous and as long as the calyx. Fruit oval to elliptic; 1.5 to 3.5 cm long, 

dark purple or nearly black, luscious, fleshy and edible; it contains a single 

large seed. 
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Distribution 

The original home of S. cumini is India or the East Indies. It is found 

in Thailand, Philippines, Madagascar, and some other countries. The plant 

has been successfully introduced into many other tropical countries such as 

the West Indies, East and West Africa and some subtropical regions 

including Florida, California, Algeria and Israel. 

Medicinal Uses 

Dark paste and curd is taken orally three times a day for two days to 

cure dysentery. Decoction and fluid extract of dried bark is taken orally for 

diabetes. Ten grams of dried leaves of Zanthoxylum armatum boiled in eight 

liters of water along with 125 gm of mixture having equal parts of bark of 

Acacia nilntica, Mangifera indica, and Syzygium cumini until the quantity of 

water is reduced to two liters. Fifty milliliters of decoction is taken twice a 

day after meals. Hot water extract of dried bark is taken orally for dysentery, 

indigestion, and as a blood purifier. Decoction of dried bark is taken orally 

for venereal ulcers. Termi11alia arjtma, Pongamia pinnata, Valeria indica, 

Syzygi11111 cumini. Ficus he11ghalc>11sis. F. religiosa. F. racemosa. F. talbotii, 

and A:.odiractha indica are used. Fruits are taken orally to cure gastro

intestinal complaints. Hot water extract of dried fruits is used externally as 

astringent and orally for stomach ulcers and to reduce acidity. Hot water 

extract of dried fruit and seeds is taken orally for diabetes. Leaves are taken 

orally for leucorrhca: two young leaves are chewed with cold water for 3-4 

days. Dccoction or dried seeds is taken orally for diabetes. The fluidextract 

is taken orally as an anti-inflammatory and the hot water extract is taken 

orally as an antipyretic. and for diabetes 100-250 mg seed powder is taken 

orally three times a day with water. Decoction of dried seeds is taken orally 

for diarrhea: the seeds are taken together with Cassia auriculata. Hot water 
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Antirungal activity: Ethanol/water (1 :1) extract of the aerial parts at a 

concentration > 25.0 mcg/ml on agar plate was inactive on Microsporum 

canis, Trichophyton me11tagrophytes, and Aspergillus niger. 

Antihistamine activity: Ethanol/water (1:1) extract of dried bark at a 

concentration of 0.01 gm/ml was active on guinea pig ileum. Methanol 

extract of dried seeds administered intraperitoneally to rats was active vs 

histamine induced pedal edema. 

Antitoxic activity: Methanol extract of dried seeds, administered 

intraperitoneally to mice at a dose of 50.0 mg/kg was active. Antagonized 

amphetamine toxicity. 

Antiviral activity: Ethanol/water ( 1: 1) extract of dried entire plant at a 

concentration of 0.1 mg/ml in cell culture was inactive or Ranikhet virus 

and Vaccinia virus. For Ranikhet virus, infected chorioallantoic membrance 

viral titre decreased 10% and for Va.ccinia virus, 0%. The extract when 

injected into chick embryo at a dose of 1.0 mg/animal, was inactive on 

Ranikhel virus and Vaccinia virus. Infected chick embryo viral titre 

decreased I 0% and 0% prospectively. Ethanol/water ( 1: 1) extract of the 

aerial parts at a concentration of 50.0 mcg/ml in cell culture was inactive on 

Ranikhet virus and Vaccinia virus. Water extract of the bark was active on 

Potato X virus. 

Antiyeast activity: Ethanol (95%) and water extracts of dried fruit at 

concentrations of I 00.0 and 20.0 mg/disc i-espectively (expressed as dry 

weight of the fruit) on agar plate, were inactive on Candida albicans. 

Ethanol/water (1:1) extract of the aerial parts at a concentration >25.0 

mcg/ml on agar plale was inactive on Candida albicans and Cryptococcus 

neoformans. 
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intragastric administration. Ethanol/water ( 1: 1) extract of the aerial parts, 

administered intrapertoneally to mice showed a LD50 of 0.75 mg/kg. 

Weight increase: Powdered commercial sample of seeds administered by 

gastric intubation to rats at a dose of 53 .2 mg/kg was active. 

Plate 5: Jam, Syzygium cumini, with mature and immature seeds 



1.2.6. Myristica fragrans Houtt. 

Common Names: Nutmeg, Jayfal, Mace, etc. 

Taxonomic position 

Kingdom 

Subkingdom 

Superdivision 

Division 

Class 

Subclass 

Order 

Family 

Genus 

Species 

Botanical Description 

Plantae 

Tracheobionta 

Spennatophyta 

Magnoliophyta 

Magnoliopsida 

Magnoliidae 

Magnoliales 

Myristicaceae 

Myrisnca Gronov. 

Myristicafragrans Houtt. 
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A lofty tree. branches slender. Leaves coriaceous, 7.5-8.8 cm., elliptic 

-oblong or -lanceolate, acuminate, sometimes oblanceolate, and tip caudate, 

base acute, pale yellow-brown. paler with red-brown nerves beneath, nerves 

about 8 pairs, slender; petiole 6-13 mm. Male racemes 2.5-5 cm.; flowers 

bracteolate, 6 mm. long, ellipsoid or urceolate, nodding; males in lax slender 

supra-axillary racemes; bracteole-a scale under the glabrate perianth; 

anthers 9-12, connate in a cylindric stipitate column. Fruit ovoid, 

subglobose or pyrifonn. 3.8-5 cm. long. 

Distribution 

Indigenous to the Moluccas and Banda Islands in the South Pacific 

although it is seldom found truly wild. It is now cultivated in tropical 

regions, especially Indonesia, Grenada in the West Indies and Sri Lanka 

(Purseglove 1968, Down 1995). 
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Medicinal Uses 

The fruit is bitter, hot, pungent; astringent to the bowels, anthelmintic, 

aphrodisiac; improves appetite, taste, voice; useful in "kapha", "vafa", foul 

breath, bronchitis, vomiting, thirst, diseases of the heart, urinary discharges. 

The oil is stimulant, carminative; useful in diarrhoea, convulsions, pains, 

ulcers; improves the appetite. The mace has a bitter pungent taste; 

anthelmintic, alcxiteric; useful in bronchitis, asthma, thirst; improves the 

appetite (A_i:urveda) . .. 
Nutmeg oil is also known as oleum myristicae, ol. myrist., myristica 

oil, essence de muscade, atheririsches muskatol, essencia de moscada and 

esscncia de nuez moscada. It is a volatile oil obtained by steam distillation 

from the seed. It is a colourless or pale yellow liquid with an odour and taste 

of nutmeg. It is scarcely distinguishable from the volatile oil of mace and 

frequently no commercial distinction is made between the two. There are 

two types of nutmeg oil, mainly East Indian Nutmeg Oil and West Indian 

Nutmeg ~)ii. The East Indian Nutmeg Oil has a weight of 0.885 to 0.915 

g/mL and is soluble in 90% alcohol at a ratio of 1 part oil to 3 parts alcohol. 

West Indian Nutmeg Oil has a weight of 0.86-0.88 g/mL and is soluble in 

90% alcohol at a ratio of 1 part oil to 4 parts alcohol. Nutmeg oil should be 

stored in a cool place in well filled airtight containers and protected from 

light. 

The nut and the mace are diuretic, laetagogue, stimulant, hypnotic, 

digestive, tonic, aphrodisiac; useful in choleraic diarrhoeas, diseases of the 

liver and spleen, headache, palsy, eye troubles (Yunani). 

The seeds are canninative and stomachic; useful in flatulency, a, and 

vomiting. When given at all largely it is essentially narcotic. 
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Actually in Europe it is mostly employed as a flavouring for medical 

or culinary purposes. 

The Chinese do not use nutmeg much as a spice, but as a carminative, 

stomachic, and antispasmodic among medicinal remedies for children and 

the aged. The nut is a Cambodian remedy for looseness of bowels. The 

nutmeg is useless in the symptomatic treatment of snake-bite. 

Plate 6: Nutmeg, Myristicafragrans, with mature seeds 
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1.3. The Test Insect: Alphitobius diaperinus (Panzer) 

The darkling beetle or black bug or lesser mealwonn, Alphitobius 

diaperinus (Panzer) (Coleoptera: Tenebrionidae) is a notorious and serious 

pest of a great variety of stored products. Ii is cosmopolitan in distribution 

and is associated with wheat, barley, rice, oatmeal, soybeans, cowpeas, 

peanuts, elc. and it has also been reported from linseed, cotton seed, oilseed 

products, tobacco., skins, drugs, poultry litter, etc. (Lepesme 1944, Lancaster 

and Simco 1967, Spilman 1987).lt is also noted that this is a serious pesl of 

poultry farms throughout the world (Nemerseri and Gerztessy 1973, 

Ichinose 1980, Vaughan and Turner 1972, Wildey 1983). 

A. diaperilms is a worldwide pest and reaches immense populations 

in litter in broiler breeder houses and grow outhous~s and as well as in the . . 
accumulated manure under caged layers and under the slates in breeder 

houses (Pfeiffer and Axttel 1980, Rueda and Axtell 1997). The beetle life 

cycle includes eggs, larvae (6-9 stages), pupae and adults, all of which are 

found in the litter or manure. A complete life cycle from egg to adult 

requires about 5 weeks, depending on the temperature (Rueda and Axtell 

1996). The adults are extremely long-lived (at least a year) and able to 

survive adverse conditions. Some of the beetle larvae in the presence of 

dense populations move into the building insulations to pupate and in the 

process destroy the insulating value (Geden and Axtell 1987). Repair of 

damage to house is costly and the reduced insulation interferes with bird 

production and by making temperature more difficult. In addition to this 

costly structural damage, the beetles are excellent reservoirs of disease 

organisms affecting both humans and birds and are a significant hazard to 

bird production (Jones el al. 199la and b, Mc/\llisLer el al. 1994, 1995 and 
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1996). Young birds can eat large numbers of beetle larvae which interferes 

with normal feed consumption and growth, and provides an avenue for 

disease transmission (Despins and Axtell 1994 and 1995, Despins et al. 

1994 ). Adult beetles are capable of flying and flight takes place mostly at 

night. When heelle infested litter is removed from poultry houses and spread 

on fields, the adults quickly leave the unsuitable habitat and fly to nearby 

human dwelling causing great annoyance and oilen low suits. 

The lesser mealworms are identified by some or their external 

characters (Lyon, 1991): 

• The lesser mealworrn adult beetle is _!_ inch long, reddish brown to 4 . 

brown coloured, with distinct longitudinal grooves on the wing 

covers, body oval shaped and slightly flattened. 

• Eggs are about J_ inch long and creamy white to tan coloured. 
16 . 

'Ibey are slender with slightly rounded ends. 

• Larvae are about .!. inch long, tan to light brown coloured with 
3 

slender, segmented bodies mid three pairs of Legs. 

• Pupae are about I inch long, creamy white to tan coloured with 
4 

legs tucked alongside to the body (segmented appearance). 

LESSER MEALWORM FACTS 

• Originated in Eastern Africa where associated with the nests and guano 

of various bird and bat species. 

• Occurs in accumulations of immense,. protected, moist amounts of 

manure and liller from broilers, breeders, pullets, and caged layer 

chickens, turkeys, and other avian commercial operations such as quail 

and Comish hens. 
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• Highly active both through running and, at night, through flight. (Prefer a 

dark daytime hiding place). 

• Congregate in areas where there are wann, moist conditions. 

• Sensitive to freezing and high temperatures with dehydration occurring 

in environments not containing enough moisture. 

• Tend lo avoid excessively wet areas, especially where anaerobic 

microbial activity is high (fermentation of wet feed or soupy manure). 

• All life stages tend to clump together in close contact in areas where 

food, water, and environmental conditions are best for survival. 

• In native Africa, beetles were nest scavengers, consuming bits of feed, 

nest litter, portions of manure, dead plant and animal material. 

• In USA, poultry operations, beetles eat feed , litter, manure solids, and 

even portions of dead and dying birds. 

• Will move out of the chicken area of these building and in to insulation. 

• Have no natural enemies and carry a large variety of avian viruses, 

bacteria, fungi, and parasites without observable negative effects on the 

beetles. They are exceptionally sturdy and durable. 

• Cannibalistic at all stages, and can actually lower their own populations 

through predation when conditions are too dry or food is in short supply. 

• Conditions favoring beetle cannibalism often stimulate their migration, 

resulting in them becoming pests in insulation or in other buildings near 

poultry operations. 

• They cannot survive freezing or temperatures above 90°F for any length 

of time unless they have access to much free moisture. 

• They can consume large quantities of feed in a short period of time. 
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• Through their active consumption of edible organic matter and their 

burrowing, these beetles do help recycle poultry wastes and remove 

material that otherwise would be excellent for fly development. 

• Low to moderate beetle populations can have a very positive effect on 

controlling fly populations in large, caged-layer houses where manure 

and litter are allowed to build-up. 

• Doth adults and larvae are nocturnal and remain active 24 hours a day, 

favoring dark interiors of buildings during the day. 

• Beetles are actively attracted to artificial light sources at night. Security 

lights around poultry facilities may help control nocturnal migration to a 

slight extent by keeping them in an area and preventing them from 

detecting dislant light sources. 

Stored products insects present a number of problems associated with 

insecticidal treatment. In general, insecticides present the following 

important problems: 

• Resistance of pests to chemical insecticides. 

• Elimination of beneficial insects. 

• Persistence of several insecticides and their accumulation in the food 

chain by biological concentration. 

• Higher cost of production or application. 

• Toxicity to human and wildlife. 

Control of lesser mealworm larvae by spraying insecticides in the poultry 

forms is quite difficult due to their climbing and tunneling behaviour (Geden 

and Axtell 1987). This behaviour greatly affected the insulated walls of 

piggery in Ireland (O'conor 1987), and that of poultry (Gall 1980, Ichinose 

et al. 1980). 
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GENERAL MATERIALS AND METHODS 

2.l. Plant Materials 

Six plant seeds have been considered for this investigation. These 

were Natai (Caesalpinia bonduc (L.) Roxb.), Alkushi (Mucuna pruriens L.), 

Rakta Chandan (Adenanthera pavonina L.), Bahera (Terminalia bellirica 

(Gaertn.) Roxb.), Kalojam (Syzygium cumini (L.) Skeels) and Jayfal seeds 

(Myristica ;;•agrans Houtt.). The whole test plants were collected from the 

Botanical Gnrdcns and Rajshahi University campus. Collected plants were 

sorted and mature seeds were separated. Seed coat and seed kernel were 

carefully separated from plant seeds. Seed coats and seed kernels were 

chopped into small pieces and dried under reduced pressure (Vacuum drier) 

at room temperature. Different plant seed coat and kernel were grinded to 

pO\vder separately Viith an electric grinder and stored in jars under 

laboratory conditions. 

2.2. Extraction Process 

For extraction, powdered materials, i.e. seed coat and kernel were 

extracted separately. Sufficient amounts of dust of each plant part were 

extracted in two organic solvents, viz. chlorofonn (CHCl3) and methanol 

(CH3OH) using Soxhlet's apparatus. _Extraction was done in a Soxhlet's 

apparatus with chemical solvents by the process described in details by 

Feuerhake and Schmutterer ( 1982). All chemicals used in this study were of 

analytical grades (BDH, England). The powdered plant materials were 

weighed on an electronic balance and were kept in a thimble. The thimble 

was then placed inside the Soxhlet's apparatus and requisite amounts of the 

solvents were poured into the apparatus. Extraction procedure was 

continued till the extract became colourless. When the extraction was 

completed for one solvent. the materials inside the thimble were dried up 

and then extraction was started with another solvent. The extracts were 





General Materials and Methods /J!!J 36 

2.3. Test Organisms 

The test organisms for medicinal tests were bacteria and fungi, and 

the brine shrimp, (Artemia salina Leach.), and the insecticidal tests were 

done on the lesser mealworm, Alphitobius diaperinus (Panzer). 

2.3,1. Culture of bacteria 

Collection of Bacteria: Fourteen pathogenic bacteria (five gram positive 

and nine gram negative) selected for the test were collected from the 

Department of Pharmacy, University of Rajshahi, Bangladesh. The pure 

culture was previously collected from the Microbiology Department, Dhaka 

University, Bangladesh. 

Table t: List of test bacteria 

Gram-positive 

1. Bacillus megaferium 

2. Bacillus cereus 

3. Stapl~vlococcus aureus 

4. Sarcina lutea 

5. Strepfococcus-/3-haemo(vticus 

Apparatus and Reagents used 

Gram-negative 

l. Shigella shiga 

2. Shigella dysenteriae 

3. SMgalla boydii 

4. Shigella sonnei 

5. Salmonella typhi 

6. Escherichia coli 

7. Klebsiella sp. 

8. Pseudomonas aeruginosa 

9. Proteus sp. 

i. filter paper discs (5mm diameter) 

ii. Test tuhcs 

iii. Petridishes (20 cm diameter) 
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iv. Sterile forceps 

v. Sterile cotton wool 

vi. Inoculating loop 

vii. Bunsen burner 

viii. Micropipette (10-100µ1) 

ix. Laminar Air Flow Unit (Biocraft and Scientific Industries, India). 

x. Autoclave (ALP Co. Ltd. KT-301, Tokyo) 

xi. Incubator (OSK, 9639 A, Japan). 

x11. Punch machine 

xiii. Beaker 

xiv. Nutrient agar media (DIFCO) 

xv. Alcohol (95%) 

xvi. Methanol 

xvii. Vials. 

Sterilization Procedure: Antibacterial screening was done in Laminar 

hood and all types of other precautions were highly maintained to avoid any 

contamination by the organisms under test. Ultraviolet (UV) light has 

switched on before one hour of working in laminar hood to avoid any 

accidental contamination. Petridishes and other glasswares were sterilized 

by autoclaving at 121 °C and a pressure of 15-lbs./sq. inch for 20 minutes. 

Blank or control discs were first kept in a covered petridish and then 

subjected to dry heat sterilization at 180°C for 1 hour. Later they were kept 

in laminar hood under UV light for 30 minutes. 

Culture Media: The following media are usually used to demonstrate the 

antibacterial activity and to make subculture of the test organisms: 

1. Nutrient agar medium 

11. Nutrient broth medium 
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Muelle- Hinton medium iii. 

iv. Tryptic Soy broth (TSB) medium 

v. Adams and Roe medium 

vi. NIH agar or broth medium. 

Preparation of Subculture: The media prepared were then dispensed in 20 

ml and 5 ml to prepare plates and slants respectively in a number of clean 

tests. The slants were used for making fresh culture of microorganisms 

which in tum was used for sensitivity tests. The tubes were then plugged 

with cotton and sterilized in an autoclave at 121 cc and a pressure of I 5 

lbs./sq. inch for 15 minutes. With the help of a inoculation loop the test 

organisms were transferred from the pure culture to the agar slants in an 

aseptic condition (a laminar airflow unit). The inoculated slants were then 

incubated at 37.5°C for 18.24 hr. to assure the growth of test organisms. 

This culture was used ,vithin one week (Bauer et al. J 966). 

Preparation of Test Plates: The test organism was transferred from the 

subculture to the test tube containing 20ml autoclaved medium with the help 

of an inoculating loop in an aseptic area. The test tube was shaken by 

rotation to get a uniform suspension of the organism. The bacterial 

suspension was immediately transferred to the sterile petridishes in an 

aseptic area and was rotated several times, firstly clockwise and then anti

clock wise to assure homogeneous distribution of the test organisms. The 

depth of media into each petridish (20 cm diameter) was approximately 4 

mm. After the medium had cooled to room temperature, it was stored in a 

refrigerator at 4 cc (Bauer et al. 1966). 
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Preparation of Discs and Test Samples 

Preparation of discs: Three types of discs were prepared for antibacterial 

screening. These are as follows: 

a. Sample discs, 

b. Standard discs, and 

c. Control/blank discs. 

a. Sample discs: Sterilized filter paper discs, 5mm in diameter (BBL, 

Cocksville U.S.A.) were prepared with the help of punch machine and were 

taken in a blank petridish. Sample solution of desired concentration was 

applied on the discs with the help of a micropipette in an aseptic condition. 

These discs were left for a few minutes for complete removal of solvent. 

b. Standard discs: These are used to compare the antibacterial activity of 

test ma\erial. In our investigation, Ciprofloxacin (30µg/discs) standard disc 

was used as a reference. 

c. Control /blank discs: These were used as negative control to ensure that 

the residual solvent and the tilter paper were not active themselves. These 

were prepared in the previous manner applying only solvent to the discs and 

were used to examine the effect of solvent. 

Preparation of Test Samples: Sample discs were prepared by dissolving 6 

mg of each oily extract (seed coat and seed kernel) in 200 µI of methanol to 

get a concentration of 300 µg/10 µI. The solutions were applied on sterile 

blotting paper disc (5 mm diameter) to obtain the desired concentration. 

Placement of the Discs, Diffusion and Incubation 

The sample discs impregnated separately with the test material, 

standard antibiotic discs and control disc were placed gently on the 

solidified agar plates, freshly needed with the test organisms with the help 
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of sterile for~eps to assure complete contact with the surface of the medium. 

The spatial arrangement of the discs was such that the discs were not closer 

than 15mm to the edge of the plate and far enough apart to prevent 

overlapping the zones of inhibition. 

The plates were then inverted and kept in a refrigerator for about 24 

hours al 4°C to obtain maximum diffusion of the test material. Finally, the 

plates were incubated at 3 7°C for 12-18 hours. 

Determination of Antibacterial Activity (Zone of Inhibition) 

After 12 hours of incubation, the antibacterial activity of the test 

agents was detennined by measuring the diameter of the zones of inhibition 

in millimeter with a transparent scale and compared with that of the 

standard disc. 

Precautions 

Necessary instrument and surrounding area were cleaned with 

absolute alcohol. Room heater was placed in order to prevent any pathogen 

contamination from outside. 

2.3.2. Culture of Fungi 

Collection of Fungi: Eight pathogenic fungi selected for the test were 

collected from the Department of Phannacy, University of Rajshahi, 

Bangladesh. The fungi were Aspergillus fumigatus, Aspergillus flavus, 

Candida albicans, Cn/letotrichwn falcatum, Fusarium oxysporum, Mucor 

sp., Penh·,dli11m sp., and Vasin.factum. 

Necessary Equipment: The following equipment were used: 

i) Glass petridish (20 cm diameter) 

ii) Test tuhe (R~ IO inch) 
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iii) Conical flask (1000 and 500ml) 

iv) Needle with hook. 

Cleaning of Glassware: Petridishes, tube, and conical flasks were regularly 

washed with a detergent solution. Distilled water was used for final wash 

and rinsed carefully. Pencil marks, paraffin and Canada balsam were 

removed effectively from the glassware with xylene. Sometimes the dirty or 

spotted glasswares were cleaned and washed with recommended cleaning 

solution, which was prepared in the laboratory as follow: 

Potassium dichromate 

Acid/sulfuric 

Water 

l00gm 

S00gm 

1000mg 

Glasswares were sterilized in an autoclave for 15 to 20 minutes at 

250°C and 15 lbs. pressure. Glasswares were also sterilized by dry heat in a 

hot air oven. The needle was sterilized in a flame, which was used for 

inoculation of fungal spores on surface of agar media. 

Media For Growing Fungi 

Fungi may be cultured on a variety of substrata or media. Such media 

may be either liquid or may be made solid by the addition of agar. Most 

fungi will grow in media high in carbohydrates, with a pH ranging between 

S and 6. There is no medium ideally suited for the culture of fm1gi because 

the nutritional requirements vary considerably with the species (Alexopo los 

and Beneke 1962). Fungi were cultured on Potato Dextrose Agar (PDA) 

media. 
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2.3.3. Culture of Brine Shrimp 

Collection of eggs: Artemia salina Leach. eggs were collected from the 

Department of Pharmacy, University ofRajshahi, Bangladesh. 

Necessary equipment 

i. Sea salt (NaCl) 

ii. Small tank with perforated dividing partition, cover and lamp to 

hatch the shrimps. 

iii. Pipettes (5 ml, 1 ml). 

iv. Micropipeltes (1 0µl and 100µ1) 

v. Glass vials ( 10ml). 

vi. Magnifying glass. 

Procedure 

Preparation of Simulated Seawater: Since the lethality test involves the 

culture of brine shrimp nauplii, the nauplli should grow in seawater. 

Seawater nature contains 3.8% sodium chloride and hence 38.0 gm sea salt 

was weighed, dissolved in one liter of distilled water and filtered off. 

Hatching of Shrimps: Simulated seawater was taken in a small tank. 

Shrimp eggs were added to the divided tank. A constant oxygen supply and 

a constant temperature (around 37°C) were maintained. Two days were need 

for hatching of shrimp eggs, and mature nauplii were collected. 

Application of the Sample and Brine Shrimp Nauplii to the Vials 

Clean vials were taken for the 10 samples in five concentrations (two 

vials for each concentration) and 10 vials were also taken for control test 

Five ml of seawater containing 10 brine shrimp nauplii was kept in each 

vial. With the help of a micropipette specific volumes of samples were 
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transferred from the stock solutions to the vials to get final concentration of 

5.0, 10.0, 20.0, 40.0, and 80.0 µg/ml. The concentration of DMSO in these 

vials was not allowed to exceed 50µ1/5ml of brine, because above this 

concentration cytotoxicity due to DMSO may arise. 

In the control vials the same volume of DMSO (as in the sample vials) and 5 

ml of seawater were taken. 

Counting of Nauplii: After 24 hours, the contents vials were examined, and 

the number of nauplii survived in each vial was counted. From this, the 

percentage of lethality of brine shrimp nauplii was calculated at each 

concentration for each sample. 

Anal}'Sis of Data 

The dose-mortality data were analyzed statistically. The effectiveness 

of the dose mortality relationship (concentration-mortality relationship) of 

any sample is usually expressed as a median lethal concentration (LCso) 

value. This represents the concentration of the chemical that produces death 

in half of tbe test subjects after a certain exposure period. 

In this investigation, mortality in the control was not adjusted or 

corrected because control mortality was during the exposure periods. 
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2.3.4. Culture of Alphitobius diaperinus 

Necessary equipments 

For maintaining the culture of beetles, the following laboratory 

materials were used: 

I. Plastic jars, 

IV. Sable hair brush, 

VII. Sieves, 

II. Beakers, 

V. Pieces of cloth, 

VIII. Rubber bands, 

III. Petri dishes, 

VI. Spoons, 

IX. Potato slices, etc. 

A II the materials. mentioned above were sterilized by keeping in an 

oven for about six hours at 120°C (Khan 1981). 

Collection of beetles 

A. diaperinus adults were collected from the storehouse of a flour 

mills at Saheb Bazar, Rajshahi. 

Culture of beetles 

l11e insect used in the present study was the lesser mealworm, A. 

diaperb1us. This is a common pest of stored grains all over the tropical and 

sub-tropical countries of the world including Bangladesh. It is easily 

obtainable. 

About 1500 beetles were collected for culture. The beetles were 

sieved through ll .S. standard No. 16 and 20 sieves. The healthy and active 

beetles were taken in plastic jars covered with a cloth, secured with a rubber 

band at the top. Slices of potato were kept with in jars for humidity control, 

which were replaced when necessary. Several sub-cultures were maintained, 

each containing 100 beetles in 250g of food in a jar. 
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Collection of eggs 

Adult beetles were put in Petri dishes (9 cm diameter) containing 

wheat flour. On the next day, eggs were collected by sieving the medium 

with sieves of 500 and 250 micrometer apertures (Khan and Selman 1981). 

The eggs were placed in a Petri dishes (9.5 cm diameter) and incubated at 

room temperatures. 

Transfer of larvae to the food 

The larvae hatched out in 3~4 days which were collected by a fine 

sable hair brush. Newly hatched larvae were transferred to the jars (20 cm x 

8 cm) containing wheat flour with the aid of a hair brush. Three hundred 

larvae were used for each food and the experiment was replicated four 

times. Slices of potato were kept inside the jars to maintain humidity which 

were changed weekly. Larvae were checked from time to time for pupation. 

Collection of pupae and adults 

The young pupae were collected with a fine sable hair brush and 

transferred to a Petridish for the emergence of adults. 
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Plate 7a: Mature seeds Plate 7b: Seeds coats 

6 \. . . ' 

Plate 7c: seeds kernels Plate 7d: Dust of seed coats 

Note: A.= Bahera; B= Natai; C= Jayfal; 

D= Kalojam; E= Alkushi and F= Rakta chandan 
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Plate 7e: Dust of seed kernels 

Note: A.= Bahera; B= Natai; C= Jayfal; D= Kalojam; E= Alkushi and F= Rakta chandan 

Plate 8: Extract preparation 

Plate 9: Shaking of extracts on shaker 
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Plate 12: Chloroform extracts of seed coat and seed kernel with solvent 

Note: A.= Bahera; B= Natai; C= Jayfal; D= Kalojam; E= Alkushi and F= Rakta chandan 

Plate 13: Methanol extracts of seed coat and seed kernel with solvent 

Note: A.= Bahera; B= Natai; C= Jayfal; D= Kalojam; E= Alkushi and F= Rakta chandan 
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Plate 14: Adult lesser mealwonn, Alphitobius diaperinus (Panzer) 

Plate 15: Mass culture of Alphitobius diaperinus (Panzer) 
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