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INTRODUCTION



INTRODUCTION

One of the most challenging tasks facing mankind today is to provide

sufficient food for the teeming millions. It is a recognized fact that the

carbohydrates play a central role in human nutrition providing the largest

single component in man's diet and the main source of energy. Apart from

cereals, root crops form the most important staple food in the tropics

(Oyenuga, 1959).

The wild relatives of cultivated crops are actively considered for

genetic improvement because they have beneficial genes for tolerance to

environmental stress, resistance against pests and insects and higher levels

of nutrients, while cultivated species often have a very narrow genetic base

and lack genes for resistance to certain diseases. Wild species of several

cultivated plants act as reservoirs for crop improvement including

developing resistance to pests and pathogens (Ignacimuthu and Babu,

1987; Babu et al., 1988).

The tribals in particular have their own culture, religious rites, food

habits and a rich knowledge of plant genetic resources in their

surroundings. Unfortunately this indigenous knowledge on the properties,

utilization and conservation aspects of plant resources available with them

is on the verge of depletion due to various developmental activities which

are adversely affecting their cultural and traditional life. It is essential that

the knowledge available with these people must be properly documented



and integrated with modern scientific values before it gets entombed with

culture that gave its birth.

Conservation and use of bio-diversity must be concerned not only

with genes, genotypes, species and ecosystems, but also with the

traditional knowledge that has helped to produce and maintain this

diversity. The tribals derive very basic needs for survival from the bio-

diversity. In turn, they protect the forest, conserve its bio-diversity and also

enrich its fertility through their various cultural activities, beliefs and

practices.

The ethnic people use a wide variety of wild plants and plant

products as their food. Studies of nutritional value of wild plant food are of

considerable significance since they may help to identify long forgotten food

resources. According to Irvine (1952), nutritive value of wild plants will also

help to throw some light on the origin of man's food habits and his

agriculture.

India, being one of the bio-diversity centres, has contributed to world

agriculture atleast 167 plant species (Khoshoo, 1991; Zeven and dewet,

1982). India ranks tenth among the species rich countries of the world and

sixth among the centres of diversity (Gadgil, 1996). Plant genetic resources

provide the biological basis for world food security and directly or indirectly

support the livelihoods of every person on the earth (Anon, 1996). The plant

genetic diversity is now under threat because of several factors and much

of the world's food supply is based on genetically uniform crops.
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Agricultural production in the country has substantially decreased

due to erratic monsoons and frequent occurrence of drought in certain

areas. Tubers can face adverse climatic conditions. The knowledge about

the tubers grown in different areas of the country is very poor and hence

ethnobotanical studies on tubers is necessary. Along with the crop plant

the ethnic societies of India still depend upon several wild species for their

food. The wild fruits, seeds, pods, leaves, tubers, corms and rhizomes are

used by the tribals (Ravishankar, 1996). Tamil Nadu is rich in tropical

tuberous species though temperate root crops are also cultivated at higher

elevations in the Nilgiris and Anamalais. The semi evergreen and wet

evergreen forests are abundant in plants with tuberous roots and corms.

The ethnic communities generally prefer to eat wild varieties of food plants.

During stress conditions when there is scarcity of food, inhabitants of

forests exploit their environment to assuage their hunger and wild food

helps them to survive (Santapau, 1953; Vartak, 1959, 1982; Gunjatkar

and Vartak, 1982) The survey of ethnobotanical nature has shown a large

number of edible species being exploited by the tribal communities and the

consumption of tubers were maximum as compared to leaves, seeds and

flowers (Nilegaonkar et al., 1985).

Tuber crops play a vital role in the dietary pattern of many developed

countries where the per capita consumption ranges anywhere from 117g to

383 g per day (Amla and Shankar, 1975). Dietary surveys carried out in

places where Pacific Islanders follow traditional eating patterns show that

roots, tubers and fruits usually provide 75-85 per cent of the total energy.
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In these situations the staple food also provides people with a high

proportion of all the other necessary nutrients and it is important that the

chosen food should contain high amounts of protein, vitamins and

minerals. This is illustrated in surveys carried out amongst the Chimbu

people of Papua New Guinea by Venkatachalan, 1962 and Lambert, 1975.

They found that starchy roots and tubers had provided the greater part of

the diet of the people.

Dye (1976) showed that 60 per cent of the energy came from roots

and tubers. In Western Samoa, Wilkins (1963) found that the percentage of

total energy derived from roots and tubers varied greatly between rural and

urban areas. People living near the town obtained 37-50 per cent of their

energy from these foods; those living in more remote villages depended on

roots and tubers for 50-64 per cent of their total energy.

Information regarding the chemical and nutritional content of Indian

wild edible tubers, corms and rhizome is meagre (Coursey, 1967; Gopalan

et al., 1976; Anon, 1976; Cock, 1985; Bradbury and Holloway, 1988; Babu

et al., 1990; Mitra et al., 1990; Nair and Nair, 1992; Rajyalakshmi and

Geervani, 1994 and Balagopalan, 2000). Therefore, in the present study, an

attempt is being made to estimate the proximate and mineral profiles,

soluble proteins, starch, sugar content, in vitro protein digestibility and in

vitro starch digestibility of the collected wild edible tubers, corm and

rhizome consumed by the tribal Kanikkars of the KanyakUmari district.

Apart from nutrients, plants contain secondary chemicals/ anti-

nutrients such as protease inhibitors, lemagglutins, allergens, alkaloids,
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hormones, vitamin antagonists (Leopard and Ardrey, 1972). Some of these

constituents have been found to be harmful if plants are consumed in raw

form or processed incompletely. Hence, certain anti-nutritional substances

like total free phenolics, tannins, hydrogen cyanide, total oxalate, amylase

inhibitor and tlypsin inhibitor activity are also quantified.

Over the years, tribals have evolved methods of food processing and

food preparation to render the plant free from toxic substances and bitter

ingredients. Various processing treatments were done to eliminate or

understand the extent of reduction of anti-nutritional substances in the

investigated samples.

It is hoped that this study will provide ample information for the

researchers dealing with nutritional studies on the indigenous wild edible

plants particularly tubers, corms and rhizomes which are a cheap source of

carbohydrates, fats and minerals.

5



REVIEW OF LITERATURE



REVIEW OF LITERATURE

I. Wild Edible Plants

New sources of plant food from the wild has come to light through the

ethnobotanical knowledge gained from the indigenous people. The primitive

cultivars and wild relatives of crop plants preserved by the indigenous

people may hold the 'genetic key' of many valuable miracle crops of the

future. There is a vast treasure of "gene pools" available in wild species for

developing resistance for both biotic and abiotic stresses.

Over 9500 wild plant species used by Indian tribals for meeting their

varied requirements have been recorded so far. Out of 3900 or more wild

plant species used as food by the tribals, about 800 are new data and

atleast 250 from them are worthy of being developed as alternative source

of nutritive food that the civilizations would need in the near future (GOI,

1994). The indigenous people have helped to conserve unique biodiversity

which has come as great ecological legacy to the modern civilization. About

250 samples of rare cultivars collected from the tribal belts of India are

deposited in the National Bureau of Plant Genetic Resources (NBPGR), New

Delhi.

Tribals living in the undisturbed forest and with traditional food

habits are found to be healthy and free from most diseases. The wild yam

(Dioscorea deltoidea) eaten by tribals in Kashmir region have high

nutritional value (Sinia ançl Sinha, 2001). Tribal societies also use lower

groups of plants—mosses, ferns, lichens as food and medicine.
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Genetic variability of nature, underutilized species of food crops,

fruits, medicinal, aromatic and other economic plants should be

documented on priority (Paroda and Arora, 1991). Collecting and

conserving the gene pools of wild species and crop related wild species at

any cost for future food and agriculture related activities is an urgent need

at present or in the near future (Frankel and Hawkes, 1975; Gadgil, 1996).

The tubers of wild forms of Dioscorea species are used throughout

Africa in times of famine as an emergency food (Irvine, 1952). In India,

studies on wild food plants have been carried out by several workers (Jam,

1963; Arorâ, 1985; Singh and Singh, 1985; Egbe and Akinyele, 1990; Jam,

1991; Mary Josephine and Janardhanan, 1992; Mohan and Janardhanan,

1993a,b; Radhakrishnan et al., 1996; Vadivel and Janardhanan, 2000;

2001; Ofori et al., 2001; Arinathan, 2002). Bedi (1978) reported that the

aboriginal tribes of Ratan Mahal and surrounding hills of Gujarat use wild

edible plants for their food. The Mikiris in Karbi-Anglong district of North-

Eastern India depend on the natural plant resources of their neighbouring

forests for their food (Jain and Borthakur, 1980).

The wild edible plants used by the tribals in Andaman and Nicobar

Islands were surveyed by Thothathri (1980). Singh and Singh (1981)

enumerated 97 wild plants belonging to 75 genera and 49 families used by

the tribals of Eastern part of Rajasthan. The various tribal pockets of

Cannanore district, Kerala State and Coimbatore district were surveyed by

Ramachandran and Nair (1981). Gunjatkar amd Vartak (1982) has
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recorded wild plants used as food in their floristic work from Pune and

neighbouring districts of Maharashtra state.

The Onge tribe of the Andaman and Nicobar Islands use 21 wild

edible food plants (Bhargava, 1983). One of the primitive hill tribes of

Northern Kerala, the Nayadis, utilize about 15 wild plants as food (Prasad

and Abraham, 1984). Pal (1984) enumerated the wild edible plants used by

the tribals of Subansiri, Arunachaipradesh. Malayalis eat tubers of

Dioscorea oppositifolia and D.pentaphylla (Jam, 1984). The people living in

the remote areas of Ladakh, North-west and Trans Himalaya region, use

wild plants as food (Kaul et al., 1985; Bhattacharyya, 1991). Singh and

Singh (1985) recorded 30 wild plants used as vegetables by the indigenous

people of Manipur. A distinct tribe inhabiting the southern-most portion of

Jaintia hills in Meghalaya called War Jainta use 24 wild edible food plants

(Kumar et al., 1987).

The tribals of Subansiri district, Arunachalpradesh use 31 wild edible

plants as food (Thothathri and Pal, 1987). The wild edible plants used by

the tribals of Sikkim were enumerated by Krishna and Singh (1987)

Chakrabarty and Rao (1988) enumerated 27 wild edible plants eaten by the

Shompen tribe inhabiting the Great Nicobar Island. The Jaunsaries,

Kinnauris, Bhotiyas, Marchas, Tolchyas, Bokshas, Gujars and Goddis

tribes of Uttar Pradesh used 50 wild edible species belonging to 40 genera

and 30 families (Negi, 1988).

The Tangkhul Naga tribe of Ukhrul district, Manipur, use certain wild

plants as their food (Elangbam et al., 1989). Sebastian and Bhandari
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(1990) reported a number of edible plants used by the tribals and local

inhabitants of Mt.Abu area, Sirohi district and different parts of Udaipur

and Banswara districts, Rajasthan. Dioscorea wallichi tubers were collected

and eaten by Nallamalais and Upper Godavari tribes (Brahman and

Saxena, 1990). Pollock, 1990 reported the uses of arrowroot from Tacca

leontopetaloides by the people of Pacific Islands. Ao and Angami, the two

distinct Naga tribes consume 56 wild edible plants as their food (Rao and

Jamir, 1990). Aminuddin and Girach (1991) reported the wild edible plants

eaten by the Bondo tribe of Koraput district Orissa. Maximum number of

wild edible plants are used as food by the Great P.amanese of the Negrito

Island of the Andamans (Awasthi, 1991). The primitive tribe, the Irulasxi the

coastal regions of Thanjavur district, use 53 wild edible plant species as

their food (Pagupathy and Mahadevan, 1991). The tribals of North-Eastern

India used native food plants (Arora, 1990).

The dominant tribals like the Bhuinya and the Juang in Keonjhar

district of Orissa are known to use 31 wild edible plants (Mondal and

Mukherjee, 1992). Manandhar (1997) reported 56 species of less known

wild food plants of Nepal. Pedralli (1994) enumerated 81 wild relatives of

yam in the Espim baccorange, Brazil. Rajendran and Henry (1994) listed

the wild food plants of the Kadar tribe of Anamalal hills in Coimbatore

district, Tamil Nadu. Singh (1995) reported 27 species consumed by the

ethnic groups of Sikkim, Himalayas. Lesser known edible tubers of

Typhonium trilobatarn, corms of Alocasia iridica, A. macrorrhiza, Eleochuris

dulcis and rhizomes of Canna edulis, Cu rcu ma arigustzfolia, Tacca

leontopetaloides, Costus speciosus, Maranta aruridinacea, Hedychium
9



cornarium and Nelumbo nucifera distributed in different parts of India were

studied by Vimala (1995).

One hundred and ninety seven species and varieties of traditional

edible plants including tubers of Dioscorea arachnida, D. esculenta, Manihot

esculenta and corms of Colocasia esculenla, C. tanoima, AmorphophalluS

esculentus, A.yuloensis, A.yunnanesis and A.ximengensis are used by the

Jinuo (Chun-lin and Jieru, 1995). Singh et at., (1995) enumerated 55 wild

edible plants in and around the Government garden, Chaubattia district,

Uttar Pradesh. Vartak and Suryanarayana (1995) recorded 131 wild edible

plant species in the Susala Island, Pune district, Maharashtra.

Radhakrishnan et at., (1996) reported 31 wild edible plants and tubers of

Dioscorea esculenta, D. oppositifolia, D. pentaphylla, D. wallichiand Utlerta

salicifolia used by the tribals inhabiting Western Ghats of Kerala.

Manandhar (1997) observed 31 species of unreported wild food plants used

by tribal communities in different parts of Nepal. Das (1997) enumerated

153 wild edible plants of backward aboriginal Karauli and Sawari

Madhopur districts, Rajasthan.

Thirty-seven wild edible plants and tubers of Dioscorea alata and

D. hirsuta supplement the main diet of Tripuri tribes of Tripura (Singh

et at., 1999). The tribes of Rampa grow tuber crops like Ipomoea batatus,

Dioscorea anguina, D. hispida, D. alata, D. bulbifera, D. glabra,

D. tomentosa and D. oppositifolia and Manihot esculenta (Prasad et at.,

1999). Viswanathan (1999) enumerated 33 species of wild edible plants
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from Ladakh. Bhattacharyya (1999) reported fifteen wild edible plant

species used by the people of Druk-Yul, Bhutan.

The Onges and the Negrito tribes, settled in the little Andaman Island

in the Andaman & Nicobar group of Islands use twenty wild edible plants

(Awasthi and Goel, 1999). Dash and Misra (1999) enumerated 24 edible

plants of the tribals of Narayanapatna hills of Koraput in Orissa. The tribes

of Chittoor district (Andhra Pradesh) use 67 wild plant species as food

(Sudhakar and Vedavathy, 1999). Singh (1999) reported 25 wild tribe food

plants used by the Tharu, of Sub-Himalayan region of Eastern Uttar

Pradesh. Kothari and Rao (1999) enumerated 30 plant species used as food

by the Warli tribe and other local people especially from Mayavanshi in

Thane district, Maharashtra. The Tripuri tribes of Tripura use 37 wild

edible plants belonging to 30 genera and 24 families inciding corns of

Alocasia fornicata and Golocasia macrorrhiza and tubers of Dioscorea alata

and D. hirsuta (Singh et al., 1999) Maikhuri et al., (2000) observed that

three tribal subsects of the Central Himalayas, India use wild edible plants.

The tribals inhabiting the Uttar Pradesh, Himalaya, the Eastern most part

of the Western Himalaya use 188 wild edible plants (Joshi and Tewari,

2000). The tribals of Rajasthan use 38 species of wild plants as food at the

time of scarcity and during normal days (Tripathi 2000).

Naqshi and Aman (2001) enumerated 156 species of wild food plants

used by the tribals, Gujjars and Shepherds of Kashmir Himalaya. Pandey

and Singh (2001) observed nearly 17 wild edibles from the upper Luni

Basin forests in Rajasthan. About 37 species of wild bulbous plants of
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Shevaroy Hills are used by the tribals (Subramaniam and Dwarakan,

2002). The Maohi rely on more than 47 species of wild plants including

tubers of Dioscorea alata, D. bulbij'era, D. esculenta, D. pentaphylla,

D. rwmn-wlaria, and corms of Alocasia macro rrhiza, Amorphophalus

paeonifolius and Colocasia esculenta as food (Lepofsky, 2003). Mayadevi

(2003) enumerated 156 species of wild edible plants of Sonitpur district,

The Malayalis of Eastern Ghats especially Kolli Hills, Pachamalai,

Sheveroys and Kalrayans consume Mani hot esculenta as food

(Unnikrishnan et al., 2004). Ethno-botanically important edible plants of

Tamil Nadu belonging to 416 species, 149 genera and 74 families were

reported by Viswanathan (2004).

A review of Literature reveals that till date a detailed enumeration of

wild edible plants particularly wild edible tubers/ corm' rhizome are not

carried out among the tribal Kanikkars inhabiting the South-Eastern slopes

of Western Ghats, Kanyakumari distrct, India. Hence, in the present study

an attempt is made for collection and enumeration of wild edible tubers/

corms/ rhizomes in the above said area for their chemical analysis.

II. Chemical and Nutritive Evaluation

Several tribal communities traditionally use a wide variety of wild

plants as food. Many workers have enumerated and documented the

information regarding wild edible plant species being used as food. (Jam,

1981, 1991; Katiyar et al., 1990; Pramila et al., 1991; Rai, 1994;

Manandhar, 1995 ; Mohan and Janardhanan, 1995 ; Radhakrishnafl et

al., 1996 ; Prakash, 1988 ; Dahal et al., 2003). However, the information on

12



nutritional evaluation and chemical composition of wild food plants is

meagre (Prakash and Misra, 1987; Parkinson, 1984; Murugesan and

Ananthalakshmi, 1991; Babu et al., 1990; Rajyalakshmi and Geervani,

1994; Aggarwal et al., 1999; Perumalsamy and Ignacimuthu, 2000).

Proximate composition

Proximate composition provides information about the contents of

crude protein, crude lipid, crude fibre, ash and Nitrogen Free Extractives

(NFE), for all food substances. In view of this, the collected plant parts have

been subjected for proximate composition in the present study.

A considerable number of analyses for proximate composition have

been carried out in the tubers of Dioscorea alata, D. cayenensis, D.

esculenta and D. rotundata (Oyenuga, 1959; Coursey et al.; 1960, Mitra

et al., 1990; Balagopalan 2000); Dioscorea alata and D. trifida (Martin and

Thompson, 1971) Dioscorea bulbfera (Umbreit et al., 1972); Dioscorea

rotundata (Francis et al., 1975; Aduayi, 1979); Dioscorea alata (Ferguson et

al., 1980; Parkinson, 1984; Abraham and Nair, 1984); corm of

Amorp hop hailus paeoruzfoiius (Parkinson, 1984; Seralathan and

Thirumaran, 1999; Nair et al., 1999); Coiocasia escuienta (Hossain et al.,

1983; Parkinson, 1984; Pramila et al., 1991; Seralathan and Thirumaran,

1999 Aggarwal et al., 1999; Bala Gopalan, 2000; Dahal et al., 2003);

tubers of Dioscorea cayenensis and D. rotundata (Kabeerathumma et al.,

1985); Dioscorea pentaphylia, D. escuienta, D. bulbifera, D. oppositifolia

(Nilegaonkar et al., 1985); Dioscorea alata, D. dum.etorum and D. rotundata

(Lape and Treche, 1994); various Dioscorea sp. (Murugesan and

13



Ananthalakshmi, 1991; Pramila et at., 1991; Rajyalakshmi and Geervani,

1994); corms of Alocasia macrorrhiza, A. indicus (Murugesan and

Ananthalakshmi, 1991; Pramila et at., 1991; Aggarwal et at., 1999); corm of

Xanthosomcz sagittifolium (Parkinson, 1984; Seralathan and Thirumaran,

1999; Balagopalan, 2000); tubers of Ipomoea batatus (Limaye and Kore,

1978; Parkinson, 1984; Bradbury et al., 1984 Manihot esculenta (Longe,

1978; Maini, 1978; Parkinson, 1984; Bala Gopalan, 2000); rhizomes of

Sagittaria sagittifolia, Canna edulis and tubers of Typhonium trilobatum

(Vimala, 1995).

Soluble Protein, Starch and Sugars

The energy value of food is estimated based on its protein, fat and

carbohydrate contents (Atwater and Bryant, 1900). Carbohydrates such as

soluble sugars and starch are the main energy yielding substances of the

diet.

Soluble protein content of Dioscorea species namely Dioscorea

bulbifera (Umbreit et at., 1972); Dioscorea alata (Parkinson, 1984; Abraham

and Nair, 1984); Dioscorea roturzdata, D. dumetorum, D. alata (Lape and

Treche, 1994, Balagopalan, 2000) were studied.

Starch content was observed in aroids like Colocasia, Alocasia and

Xanthosoma sp. by Ramaswamy et al., 1982; Hossain et at., 1983;

Parkinson, 1984; Rajyalakshmi and Geervani, 1994; Ghosh et at., 1988;

Moorthy and Padmaja, 1990) Aggarwal et al., 1999; Balagopalan 2000 and

Dahal et al., 2003. Tubers of Manihot esculenta was subjected to total

14



starch analysis by Maini, 1978; Longe, 1978; Babu et al., 1990 and

Sundaresan et al., 1990; Ipornoea batalits by Babu et al., 1990; Dioscorea

bulbfera by Umbreit et al., 1972, Raghunandan and Jolly, 1987 and Mulla

and Kulkarni, 1994.

Total Sugar content was observed in Colocasia (Yamashita and

Yoshikawa, 1973); Cassava varieties (Longe, 1978; Maini and Balagopal,

1978); and Dioscorea dumetorum and D. rotundata (Lape and Treche, 1994).

Mineral composition

Presence of mineral elements in the diet is necessary for life. Some of

them are essential for the formation of structural components of the body

and some act as catalysts in many body reactions (Mertz, 1981).

The mineral profiles of the tubers and corms were carried out by

several workers. Dioscorea alata (Ferguson et al., 1980; Parkinson, 1984);

Dioscorea rotu rid ata (Aduayi, 1979); Dioscorea dumetorum and

D. rotu rid ata (Lape and Treche, 1994) Dioscroea esculenta, D. alata,

D. rotundata (Mitra et al., 1990); Dioscorea oppositifolia, D. pentaphylla,

D. bulbifera and D. hispida (Rajyalakshmi and Geervani, 1994); corn' of

Colocasia esculerzta and Alocasia (Mandal et al., 1982; Parkinson, 1984;

Kabeerathumma et al., 1985; Sen and Roychoudhury, 1988; Pramila et al.,

1991; Aggarwal et al., 1999; Balagopalan, 2000) and tqbers of Manihot

esculerita (Maini, 1978; Balagopalan, 2000).
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In vitro protein digestibility and in vitro starch digestibility

In vitro protein digestibility was observed in the corm of Colocasia by

Dahal et al., 2003. In vitro starch digestibility was studied in the tuber

crops by Moorthy and Padmaja, 1990; and Rajyalakshmi and Geervani,

1994; In the tubers of Dioscorea dumetorum and D. rotundata in vitro

starch digestibility was observed by Lape and Treche, 1994.

Anti-nutritional factors

Food particularly of plant origin contain a wide range of anti-

nutritional factors which interfere with the assimilation of nutrients

contained in them and cause adverse physiological effects. They interfere

with the utilization of other nutrients like protein, minerals like iron, zinc,

calcium and iodine.

The anti-nutritional factors are divided into two groups viz, heat

labile anti-nutritional factors (Liener, 1980) and heat stable anti-nutritional

factors (Nowacki, 1980).

Various anti-nutritional factors and their elimination have been

carried out by several investigators (Liener, 1981; Kotaru et al., 1987.

Thompson, 1988; Egbe and Akinyele, 1990; Babu et al., 1990; Mohan and

Janardhanan, 1993a, b; Vijayakumari et al., 1995; Nagaraja, 2000;

Arinathan, 2002; Rekha and Padmaja, 2002; Sasikiran and Padmaja,

2003).
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Total free phenolics and Tannins

Plant secondary metabolites which have received the attention of

nutritionists are phenolic compounds. Phenols have the aromatic ring,

conferring acidic behaviour and offer resistance to pathogens and pests in

plants.

Total phenol content was examined in tubers of Dioscorea sp. by

Karnick, (1971); Osuji (1985) and Osagie and Opoku (1982) corm of

Colocasia esculenta, tubers of Jpomoea batatus, and Solarium tuberosum

(Adelusi and Ogundana, 1987); Manihot esculenta (Babu et al., 1990;

Sundaresan et al., 1990; Arinathan, 2002).

Tannins are condensed polyphenolic compounds which are widely

distributed in plants. They bind with iron irreversibly and interfere with

iron absorption. They also bind with protein and reduce their availability

(Radhika and Sreeja, 2004).

Tannins are reported to be present in various tubers of Dioscorea

alata, D. cayenensis, D. rotundata, D. esculenta (Udoessien and Ifon, 1992)

Asparagus racemosus, Curculigo orchioides, Dioscorea bulbifera var. vera,

D. opposittfolia var. dukhu me nsis, D. oppositfolia var. pentaphylla,

D. tomentosa and Dolichos trilobus (Arinathan, 2002).Tannins and phenols

are present in the tubers of Coleus, aroids, yam (Balagopalan 2000).
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Total Oxalate

Oxalic acid is a dicarboxylic acid which is seen widely distributed in

plants along with its salts (oxalates) mostly calcium salts. Oxalates interfere

with calcium by forming insoluble salts with calcium. Dietary oxalates are

absorbed and contribute to increased excretion of oxalates in urine. High

oxalate excretion may predispose to oxalate crystals leading to urinary

stones (Radhika and Sreeja, 2004).

Presence of oxalate was detected in the edible parts of Colocasia

esculenta (Mandal et al., 1982); Amorphophallus commautatus and

Sauromatum pedatum (Nilegaonkar et al., 1985); Dioscorea sp., Mareihot

esculenta, Colocasia esculenta (Bradbury and Holloway, 1988). The intake

of appreciable amount of oxalate (but not calcium oxalate) is known to

produce chronic effects. Oxalate content was observed in the corms

Colocasia esculenta, Alocasia macrorrhiza, Xarithosoma sagittefolium,

Amorphophallus camparu.zlatus (Sakai, 1983; Saha and Hussain, 1983;

Tang and Sakai, 1983); Colocasia esculenta and Amorphophallus

paeonnfolius (Balagopalan, 2000).

Hydrogen cyanide

The nutritive value of tubers and leaves is affected due to the

presence of cyanogenic glycosides, linamarin and lotustralin which form

highly toxic hydrogen cyanide on coming into contact (due to injury,

infection, cutting, grinding, processing etc) with the enzyme linamarase

(Balagopalan, 2000).
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Hydrogen cyanide is present in the tubers of Marzihot esculenta (Maini

and Balagopal, 1978; Solomonson, 1981; Nambisan and Sundaresan,

1990; Nambisan and Malathi, 1993; Balagopalan 2000) Gibbs (1974) noted

the occurrence of cyanogens in families like Rosaceae (150), Leguminosae

(125), Graminae (100), Araceae (50), Compositae (50), Euphorbiaceae (50)

and Passifloraceae (30).

Trypsln and Amylase inhibitor

Apart from the nutrients, plants contain secondary chemicals such

as protease inhibitors, haemagglutins, allergens, alkaloids, hormones,

vitamin antagonists (Leopard and Ardrey, 1972).

The enzyme inhibitors mainly trypsin and amylase inhibitors have

been identified in many tubers. Proteinase inhibitor (Trypsin inhibitor) was

observed in Ipornoea bat atus, Alocasia macrorrhiza, Colocasia esculenta

(Sumathi and Pattabiraman, 1977; Dickey, 1983; Ogato and Makisumi,

1984; Bradbury et al., 1985; Hammer et al., 1989; Sasikiran et al.,

1997a,b); Solanum tuberosum (Huang et al., 1981; Bradbury and Holloway,

1988); Dioscorea dumetorum and D. rotundata (Lape and Treche, 1994);

Sweet potato (Sugiura et al., 1973); Colocasia and Ipomoea batatus

(Sasikiran and Padmaja, 2003).

Root crops like Colocasia esculenta (Rao et al., 1967; 1970; Rekha

et al., 1997; Rekha and Padmaja, 2002); Ipomoea batatus (Rekha and

Padmaja, 2002); Dioscorea alata (Shivaraj et al., 1979; Sharma and

Pattabiraman, 1982; Rekha et al., 1999) were found to contain amylase
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inhibitors. Trypsin, chymotrypsin and arnylase inhibitors have been

identified and characterized from the tubers of sweet potato, Colocasia

and yams (Balagopalan, 2000).

Processing of tubers

Studies have indicated that suitable processing techniques can

reduce or eliminate the acridity) cyanide content, phenols, tannins, trypsin

and amylase inhibitors. (Balagopalan, 2000).

Corms which are usually acrid, require cooking techniques before

they can be used (Sakai, 1983). Hammer (1989) made a definitive study on

the occurrence, chemistry and stability to heat of the proteinase inhibitors

(Trypsin and chymotrypsin inhibitor) and found that the tubers are

denatured on cooking and so do not seem to pose problems for digestion. If

the uncooked tubers, leaves and corm are fed to animals, the difficulty of

absorption of protein due to inactivation of gut proteinases by the inhibitors

present pose problems for digestion.

Changes in Trypsin inhibitor during processing of tropical root crops

(Bradbury and Holloway, 1988); Potatoes (Huang et al.,1981); sweet potato

(Sasikiran and Padmaja, 2003) and amylase inhibitor changes during

processing of sweet potato (Iporrioea batatus) and taro (Colocasia esculenta)

(Rekha and Padmaja, 2002) were studied.

The cooking qualities and nutritive value of minor tubers like

Xarithosoma, Colocasia, ArnorphophallUS etc. were studied by Seralathan

and Thirumaran, (1999). Manihot esculenta (Cock, 1985; Padmaja, 1995;
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Sheeba Ravi and Padmaja, 1997; Nambisan and Sundaresan, 1990)

Ipomoea batatus, Colocasia esculenta (Rekha and Padmaja, 2002);

Colocasia esculenta and Amorphophallus paeonufolius (Balagopalan, 2000)

were subjected to processing.

Processing of tubers, corms and rhizomes tend to increase the

palatability and improve the digestibility by reducing or eliminating the

anti-nutritional contents.

A review of literature thus reveals that till date a detailed study on

the nutritional and anti-nutritional properties of wild tubers, corms and

rhizomes and the elimination/ reduction of toxic substances by processing

are not carried out among the tribal Kanikkars of Kanyakumari district,

Tamil Nadu. Hence the present study is made on the nutritional and anti-

nutritional properties of wild tubers, corms and rhizomes consumed by the

tribal Kanikkars of Kanyakumari district, Tamil Nadu.
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WILD EDIBLE PLANTS AND THE KANIKKARS - AN INVESTIGATION

Wild edible plants are being used by the tribals particularly during

scarcity and dry months (Maya Devi, 2003). Threats to destruction of wild

species is largely due to over-exploitation, biotic and abiotic stresses. Many

edible tubers/ corms/ rhizomes grow wild in the higher altitudes of the

forest. The tribals collect and cook them for their food.

Distribution

Kanyakumari district constitutes the southern most tip of India, with

Kerala on the west-north, Tirunelveli district in the north-east, Arabian sea

in the south-west, the Bay of Bengal in the south-east and the Indian

ocean in the south.

Forest division of Kanyakumari district is located between 77° 10'-

77035' east longitude and 8 05'-8035' north latitude. Due to its varying

topography, diverse group of crops are being grown. Total area under

forests in this district is 54,155 ha out of which the reserve forests occupy

an area of 50,486 ha. There are 9 ranges under the control of this division.

The Kanikkars are distributed along the South-Eastern slopes of the

Western Ghats, Tamil Nadu (Area map). There are about 47 Kanikkar

settlements in Kanyakumari district, occupying an area of 1274 ha of

reserve forests.

OX



INDIA	 1'
I

-:

-

'

Kannitaurnari District

KANNIYAKUMARI DISTRICT MAP

A$ALAI,.,I

II E R A L A	
- 4	 TIRUNELVEU

•	 DISTRICT

/ 	 .

--

STUDY AREA MAP

TIRUNELVELI
DISTRICT

KERALA	 )

1	 (
KILAMALAI JR. F.) 	 •	 .

4 \

S	 6

L

\8S9

VILAVANCODE	 10

VEERAPULI (RF.)

KALM.5\ ASHAMBOO (R.F.

STUDY AREA
1. Arukani	 5. Pechiparai	 9. Thottamalai

2. Pathukani	 6. Thachamala 10. Alaparai
3. Arakkad	 7. Maramalai	 11. Vekkalimoodu
4. Chappilathodu 8. Ettamkunnu 12. Puravilal

13. Chellamkunnu
14. Keeriparai

I FGFND
STUDY

Town

-.-__--	 Road

•= r== "••	 River
-• .- •

Scale
-Kms

0



Forty-seven settlements are situated within the catchment areas of

Perunchani, Pechiparrai and Chittar Reservoir enclosed within the

Veerapuli and Kilamalai Reserve forests in Kanyakumari division.

The forest lands are hilly and many places are very steep and rugged

with prominent peaks. Various types of vegetation ranging from grasslands

to luxuriant tropical wet evergreen forests occur in this region (Plate I).

Trees, shrubs, climbers, herbs, parasites, lianes, orchids, mosses,

lichens and xerophytes are seen throughout the area. Wildlife in this region

has been distributed and thrown out of its habitat. Its number is also very

much reduced due to human interference in the form of conversion of

natural forests into rubber and softwood plantations. Hunting and

poaching is strictly prohibited throughout the region.

In the study area the Kanikkars live in several isolated pockets or in

small villages. Their inhabitations are known by the following names:

1. Arukani
	 8.	 Ettamkunnu

2. Pathukani
	 9.	 Thottamalai

3. Arakkad
	 10. Alaparai

4. Chappilathodu
	 11. Vekkalimoodu

5. Pechiparai
	 12. Puravilai

6. Thachamalai
	 13. ChellamkunnU

7. Maramalai
	 14. Keeriparai
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LIFE STYLE OF KANIKKARS

The Kanikkars (Kanis) are tribes living in the forest settlement of the

low elevation hills of the South-Western Ghats limited to

Thiruvananthapuram district of Kerala, Kanyakumari and Tirunelveli

districts of Tamil Nadu. As per the 2002 census, there are 1575 families

and the total population is 6158.

The government has allotted forest lands to persuade them to discard

destructive shifting cultivation and adopt a settled agricultural life. The

main occupation of Kanikkars are agriculture, horticulture and food

gathering from the forests.

The tribals live in huts built by bamboo and reeds. They grow

plantation crops, tubers, greens etc. in their settlement area (Plate II).

Rubber, pepper, plantain, coconut, arecanut and tapioca are grown in the

surrounding areas. The top soil in this area has more or less been washed

away in soil erosion thus rendering the productivity low.

Tribal organization

The Kanikkars have poor physique and are disease prone because of

their scanty food and marriage among their close relatives. They are mostly

illiterates. They have a head man and he is the law-giver, priest and

protector. He settles all the disputes.
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KANIKKARS OF KANYAKUMARI DISTRICT - A SURVEY
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Their settlements are far from the tracks of elephants on steep hill

slopes, which are terraced and planted with useful trees. The Kanis are

peace loving people and they do not engage in petty quarrels.

Now, the Kanikkars have abandoned migratory cultivation because of

forest rules. Forests may not be set fire to or trees felled at the unrestricted

pleasure of individuals. Each settlement now has a forest block assigned to

it fit for cultivation with which other tribes are not allowed to interfere.

They do not pay anything as tax to the Government.

Wild edible plants

In India, certain wild tubers, root types, green leaves, flowers, unripe

as well as ripe fruits and grain legumes including tribal pulses are known

to be consumed by different tribal sects. Among the food plants, the tribal

Kanjkkars consume wild edible tubers/ corrns/ rhizomes in large quantity.

The present investigation deals with the distribution of the tribal

Kanikkars along the South Eastern slopes of Western Ghats and the

ecological conditions, consumption pattern of different food plants and their

nutritional potential. The present study focuses on the nutritive value of

the wild edible tubers/ corms/ rhizomes consumed by the Kanikkars

settled in the reserve forest area of Kanyakumari district (Plate III to V).
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EDIBLE RHIZOME AND CORM IN THEIR NATURAL HABITAT.
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MATERIALS AND METHODS



MATERIALS AND METHODS

I. Collection

Wild edible tubers, corms and rhizomes were collected from the

Southern slope of Western Ghats, Kanyakumari district, Tamil Nadu (Vide

area map). Field visits were made frequently. The data regarding the wild

edibles mentioned above were collected by interviewing the Kanikkar tribals

and their village leaders. Old experienced tribals were also interviewed.

Specimens of tubers, corms and rhizomes were collected and brought to the

laboratory for botanical identification and nutritive analysis. Voucher

specimens were collected and deposited in the P.G. Department of Botany,

V.O.Chidambaram College, Thoothukudi-8.

The specimens were identified using the following floras.

i) Flora of the Presidency of Madras, Vol.111. J.S.Gamble. and

C.E.C.Fischer, (1915-1936).

ii) An excursion Flora of Central Tamil Nadu, India—K.M.Mathew

1991.

iii) Flora of British India, Vol.VI—J. D. Hooker, (1872-1897).

iv) Tropical crops—Monocotyledons, Vol. I&1I—J .W. Purseglove, 1983.

The wild edible tubers, corms and rhizomes were photographed and

the photographs are affixed in appropriate places in the section "Wild edible

plants and the Kanikkars—an investigation.
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II. Chemical Analyses

Chemicals

The chemicals used during the experiment were of BDH (AR) and

Sigma Chemical Company, St.Louis, U.S.A. Casein and Poly Vinyl

Pyrollidone (PVP) were purchased from SISCO Research Laboratories Pvt.

Ltd. Bombay. Porcine pancreatic a-amylase was purchased from E Merck,

Germany.

Preparation of Samples

Wild edible samples washed free of dirt were chopped and about 50 g

of each were weighed, dried and powdered in a Willey mill (Scientific

Equipment Works, New Delhi, India) 60 mesh size. The powdered samples

were stored in screw cap bottles at room temperature for further analysis.

Proximate analysis

Determination of Moisture content (AOAC, 1975)

The samples were weighed, chopped and incubated in a hot-air-oven

at 80°C for 24 hours. Then the samples were cooled in a desiccator and

weighed again. The loss in the weight of the sample was calculated as the

moisture content and the average value of triplicate determinations are

expressed on percentage basis.
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Determination of Crude protein content

Digestion

The nitrogen content of the dried, powdered sample was determined by

micro-kjeldahl method (Humphries, 1956). To 100 mg of the dried

powdered sample taken in a microkjeldahl digestion flask, 2 ml of digestion

mixture (5% (w/v) Salicylic acid in Con. H2SO4) was added and mixed well.

After 20 mm. 0.3 g of Sodium thio sulphate was added and heated gently

until fumes disappeared. The contents of the flask were cooled and 60 mg

of catalyst (a mixture of 1 g CuSO4, 8g K2 SO4 and 1 g Selenium dioxide)

followed by 1 ml of Con. H2SO4 were added. The contents were digested

until they turned apple green in colour. The flask was cooled and the

contents were made upto a known volume.

Distillation

10 ml of the digested solution from the volumetric flask was

transferred to Paranas microkjeldahl distillation flask. To this, 10 ml of

40% (w/v) NaOH and 2m1 of distilled water were added and heated using

Bunsen burner. The ammonia from the sample was steam-distilled for 5

mm. into a receiver flask, which contained 5 ml of 2% (w/v) boric acid

solution and indicator (83.3 mg of bromocresol green + 16.6 mg of methyl

red dissolved in 10 ml of 95% ethanol).

The ammonia in the receiving flask produced by the breakdown of

organic nitrogen-containing compounds in the sample was titrated against

N/50 Sulphuric acid. A blank was run simultaneously using all the

reagents and the value of the blank was deducted from the value of the
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sample before calculation. One ml of N/50 H 2 SO4 equaled 0.00028 g of N,

which forms the basis for calculation of N content in the sample.

The crude protein content, which is hereafter called simply the

protein content was calculated by the equation.

Protein content (%)=% nitrogen x 6.25.

Crude Lipid (AOAC 1970)

Dried powdered sample (2g) was extracted with ether in a Soxhiet

apparatus for 16 hrs. The ether was evaporated and the residue was

weighed. The average value of triplicate experiments was expressed as

percentage of ether extract or total crude lipid content on dry weight basis.

Determination of Crude fibre content (AOAC, 1970)

The left-out residue after extraction with ether was successively

digested with 0.225N H2SO4 solution and 0.313N NaOH solution. After

digestion, the sample was washed with boiling water followed by absolute

ethanol in a Gooch crucible. The content of the crucible was dried to

constant weight, cooled, weighed and ignited in an electric muffle furnace

for 30 mm. at 600°C. The contents were reweighed after cooling. The loss in

weight was expressed as percentage of crude fibre on dry weight basis.

Ash Analysis (AOAC, 1970)

Two g of dried powdered sample was placed in a pre-weighed crucible

and ignited at 600°C for 2 h. The contents of the crucible were cooled in a

desiccator and weighed. The difference in weight of the crucible gives the
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ash content. The ash content was expressed as percentage on dry weight

basis.

Determination of Nitrogen Free Extractives (NFE) Or Total Crude

Carbohydrate content determination (Muller and Tobin, 1980)

The carbohydrate content was obtained by the difference method:

that is, by subtracting the sum of the protein, fat, ash and fibre from the

total dry matter.

% NFE = 100 - (CP%+EE%+CF%+ASh%)

where CP=Crude Proten; EE=Ether Extract; CF=Crude Fibre

Calorific value determination

The calorific values of the investigated samples were determined in

KJ by multiplying the percentage of crude protein, crude lipid and NFE by

the factors 16.7, 37.7 and 16.7 respectively.

Soluble proteins

Extraction

One g of the dried, powdered sample was extracted with 10 ml of

0. 1  NaOH (The extract was slightly heated in a water bath by shaking the

tubes) 2 replications of each sample were prepared and 2 aliquots from

each replica were used for analysis.

Estimation (Lowry et aL, 1951)

0.5 ml of extract was pipetted out into the test tubes and made upto

1 ml with distilled water. 5m1 of alkaline CuSO4 reagent was added mixed
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well and kept for 10 minutes at room temperature. 0.5 ml of diluted Folin

ciocalteau reagent was added. The absorbance was measured after 30

minutes at 660 nm.

Calculation

The process was standardized using a bovine serum albumin

standard and the factor was calculated to be 1.0 mg. The soluble protein (g

bOg-') was calculated according to the formula.

Soluble proteins=2 x T for an aliquot of 0.5 ml.

Where T is the OD value for the corresponding sample.

Starch and sugars (Moorthy and Padmaja, 2002)
Extraction and Estimation

To 1 g of the dried powdered sample, 20 ml of 80% ethanol was

added and left overnight to extract the sugars.

The extracted sugars were separated from the residue by filtration

with Whatman No.1 filter paper. The filtrates were collected separately for

sugar estimation. The residue was transferred back into the conical flask

using 20 ml of 2N HC1.

The starch in the residue was then hydrolysed, cooled, and the

volume was increased to 100 ml using distilled water. This supernatant

was then directly used for titration.

The alcoholic sugar filtrate was treated with 1 ml Con.HCI and heated

(1000C). The volume of the sugar extract was raised to 50 ml with distilled

water and used for titration.
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Four replicas of each sample were taken and 2 aliquots were taken

from each replica for analysis.

Titrimetric assay

10 ml 1% potassium ferricyanide was pipetted and 5 ml NaOH (2.5 N

w/v) was added and mixed. The contents were boiled and 3 drops of dilute

methylene blue was added. The solution immediately turned blue green.

The starch hydrolysate was taken in a 2 ml blow pipette and added drop by

drop. The end point is the change of colour to golden yellow. The titre value

is noted.

For sugar estimation, the sugar extract was taken in a 10 ml blow

pipette and added drop by drop to boiling reagent. The end point is the

rapid disappearance of violet colour. At this stage, the titre reading was

noted.

Calculation

Each lot of Potassium ferricyanide was calibrated using Std. Gic.

solution and the relation.

10 mg of Glc.= 10 ml of Potassium ferricyanide.

The starch content was calculated by the formula.

Starch (g 100g 1 DM) =
Starch content

DM%

lOa x lOObxO . 9c x 100

Tx2dx 1000

a- Titre obtained for ferricyanide reagent against Gic. Std.

b-Total volume of starch hydrolysate
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c-Morris factor for converting sugar to starch.

d-Weight of sample (g)

T-Titre value for starch hydrolysate.

The sugar content was calculated as

10a  50b  100
Sugar (glOOg- 1)=

Tx2cx 1000

a—Titre obtained for ferricyanide reagent against Gic. solution.

b—Total volume of hydrolysate.

c—Weight of the sample (g).

T—Titre value for sugar hydrolysate.

Mineral Analysis

Sample Digestion

Five-hundred mg of dried powdered sample was mixed with lOmi of

Con. HNO3, 4 ml of 60% perchioric acid and 1 ml of Con. H2SO4 and the

contents were kept undisturbed overnight.

After that it was heated on a hot plate containing Con. H2SO4 in a

beaker until the brown fumes ceased coming out and then allowed to cool.

After cooling it was filtered through Whatman No.42 filter paper. After

filtration the filtrate was made upto 100 ml with distilled water.

Estimation of Sodium and Potassium

Sodium and Potassium were estimated by using Flame Photometer

(Model Elico). The sodium and potassium contents were calculated by
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referring to the calibration curves of sodium and potassium respectively

and expressed as mg 100 g' of powdered samples.

Estimation of Calcium and Magnesium (Jackson, 1973)

Calcium

Five ml of triple acid digested extract was taken in a china dish. To this

10 ml of 10% (w/v) NaOH and 0.1 g of murexide indicator powder [40 g of

potassium sulphate or potassium chloride was added and ground with lOg

ammonium chloride and 0.2 g of murexide (ammonium purpurate)]. The

solution was then titrated against 0.02 N versenate (19g of EDTA was

dissolved in 5 litres of distilled water) and standardized against 0.2 N

Na2 CO3 solutions and adjusted until the colour changed from red to violet.

Calcium and Magnesium

Five ml of triple acid digested extract was taken in a china dish. To this

10 ml of ammonium chloride—ammonium hydroxide buffer (pH 10) and a

few drops of Erichrome black T indicator (0. ig of Erichrome black T

dissolved in 25ml of methanol containing Ig of hydroxylamine

hydrochloride) were added and titrated against 0.02N versenate solution

until the colour changed from red to blue.

Calculation

Percentage of calcium in the sample=Titre value of

Calcium x 100/5 x 100/0.5 x 0.0004

Percentage of magnesium = Titre value of calcium+ magnesium-litre

value of calcium

or

Titre value of calcium+magnesiUm x 0.96
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Calcium and Magnesium contents were expressed as mg 109-1 of

sa'npie

Estimation of Phosphorus (Dickman and Bray, 1940)

One ml of triple acid digested extract was pipetted into lOOmi

volumetric flask. To this 50 ml of distilled water was added, followed by 5

ml ammonium molybdate-sulphuric acid reagent (Solution A: 25g of

ammonium molybdate dissolved in lOOml of distilled water. Solution B: 280

ml of Con. H2SO4 diluted to 800 ml. Solution A was added slowly with

constant stirring to solution B and the volume was made upto 1000 ml with

distilled water). Blue colour developed after adding 6 drops of 2.5% (w/v)

stannous chloride solution. The total volume was made upto 100 ml. The

intensity of the blue colour was measured at 650 nm in a

Spectrophotometer. The phosphorus content present in the sample was

calculated by referring to a standard graph of phosphorus using potassium

dihydrogen phosphate (KH 2 PO4) as standard and expressed as mg 1009 1 of

powdered samples.

Estimation of MicronutrientS by Atomic Absorption Spectrophoto-

meter (Issac and Johnson, 1975)

By feeding the sample on an Atomic Absorption SpectrO-photometer

ECIL (Electronic Corporation of India Ltd.) the following elements were

estimated with appropriate wavelengths.

Name of the Mineral 	 Wavelength used for estimation

Iron	 248.3 nm

Copper	 324.5 nm

Zinc	 213.9nm

Manganese	 279.4 nm
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The mineral contents were expressed as mg 100g 1 powdered

samples.

In vitro protein digestibility determination (Padmaja, 2001)

bOg of the dried powdered sample was weighed and 10 ml distilled

water was added. The sample was allowed to hydrate for 1 hour and

equilibrated to pH 8.0 at 37 0C.Panzynorm-N (Enzyme tablet) was dissolved

in 5 ml of 0.02 M sodium phosphate buffer solution (pH 6.9) imi of enzyme

solution was added and incubated at 37°C for 1 hr. The reaction was

stopped by heating to 100°C. Control was run without the sample. The

aminoacids released were estimated by Lowry's method (1951).

Calculation

The process was standardized using a bovine serum albumin

standard and the factor was calculated to be 1mg.

In uitro protein digestibility was calculated as

Protein liberated in test sample as a result of enzyme digestion= T x F mg

T = Test OD—Control OD

F= Factor (1 mg)

In vitro starch digestibility determination (Padmaja, 2001)

100 mg of powdered sample was weighed and 10 ml of the buffer

(0.02 M Sodium phosphate buffer) was added. The volume was then made

upto 20 ml using the buffer after the samples were homogenized over a

boiling water bath.

Colorimetric assay

To nullify the effect of free reducing sugars, controls were set up

0.2m1 of the samples were pipetted out and the volume was made to 1.0 ml
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using distilled water. To the remaining sample 0.5 ml of pancreatic amylase

was added and incubated at room temperature for 30 seconds. The flasks

were placed in a boiling water bath immediately to inactivate the enzyme.

On cooling 0.2 ml aliquots from each sample were pipetted out to obtain

the test values. The reducing sugars formed by the action of a-amylase on

the starch were estimated by Nelson-Somogyi's method and the absorbance

was read at 520 nm.

The in vitro starch digestibility was expressed as mg reducing group

formed/hr/g starch taken.

Calculation

In vitro digestibility units = I x 407.33 units

where 100 mg of the sample was used

T=Test OD value - Control OD value

Anti-nutritional components

Extraction and Estimation of Total free phenolics

Extraction (Maxon and Rooney, 1972)

Five hundred milligram of air-dried powdered sample was taken in a

100 ml flask, to which 50 ml of 1% (v/v) HC1 in methanol was added. The

samples were shaken on a reciprocating shaker for 24 hrs. at room

temperature. The contents were centrifuged at 10,000 x g for 5 minutes.

The supernatant was collected separately and used for further analysis.

37



Estimation of Total free phenolics (Sadasivam and Manickam, 1996)

One ml of aliquot of the above extract was pipetted into different test

tubes to which imi of Folin-ciocalteu's reagent followed by 2 ml of 20%

(w/v) Na2CO3 solution were added and the tubes were shaken and placed in

a boiling water bath for exactly 1 mm. The test tubes were cooled under

running tap water. The resulting blue solution was diluted to 25 ml with

distilled water and the absorbance was measured at 650 nm with the help

of a Spectrophotometer. If precipitation has occurred, it was removed by

centrifugation at 5000 x g for 10 mm. before measuring the absorbance.

The amount of phenolics present in the sample was determined from a

standard curve prepared with catechol. A blank containing all the reagents

minus plant extract was used to adjust the absorbance to zero. Average

value of triplicate estimation was expressed as g 10g- 1 of powdered sample

on dry weight basis.

Estimation of Tannins (Burns, 1971)

From suitable aliquots of the above extract tannin content was

quantified by the Vanillin-HCI method of Burns (1971) using phloroglucinol

as a standard at 500nm with a Spectrophotometer. The average values of

triplicate estimates of all samples were expressed as g bOg' powdered

samples on dry weight basis.
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Extraction and Estimation of Hydrogen cyanide (Jackson, 1967)

Extraction

Three gms of air-dried powdered sample was mixed thoroughly with

62.5m1 of distilled water and 3 to 4 drops of chloroform in a distillation

flask. The above suspension was steam distilled. The delivery end of the

condenser was kept below the surface of 5 ml of 2% KOH solution in a

beaker. Approximately 30 ml of distillate was collected and it was used as

the source material.

Estimation

Five ml of aliquots of the above extract was pipetted into different test

tubes and 5 ml of alkaline picrate solution was added to each test tube. The

contents of the test tubes were mixed and digested in boiling water bath for

5 mm. and the absorbance was measured at 520 nm against a reagent

blank. The Hydrogen cyanide content present in the sample was calculated

by referring to a standard graph of potassium cyanide as standard and

expressed as mg 100g 1 of powdered samples.

Total oxalate estimation (AOAC, 1984)

One gm dried powdered sample was extracted twice with 0.25 N HC1

in a water bath (60°C) for 1 hour each. The centrifugate was collected in a
SML

conical flask. This extract was precipitated by adding tungstophosphonc

acid kept overnight and centrifuged. Then it was neutralized with 1:1 dii.

ammonium solution. It was precipitated overnight by adding 5 ml of acetate

buffer with CaC12 (pH 4.5). The precipitate was centrifuged and washed
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twice with wash liquid (Dilute acetic acid + Calcium oxalate, decanted and

filtered).

The precipitate was then dissolved in 15 ml 2 N H2SO4 and titrated

against 0.01 N KMn04 solution at 600C.

Calculation

0.063 x vol. of 0.01 N KMn04
Total oxalate (%) (dry weight) =

Weight of sample (gm)

Trypsin inhibitor assay (Sasikiran and Padmaja, 2003)

Caseinolytic assay was used for the study of trypsin inhibitor. Three

types of assay systems were used. The control system consisted of

casein (2%, 2.Oml), trypsin inhibitor extract (0.3 ml) and 1.7m1 sodium

phosphate buffer (0.01 M, pH 8.0) ,trypsin (0.2 ml from a lmg/lOmi

stock). In the inhibited system, trypsin (0.2 ml) and the inhibitor extract

(0.3 ml) were pre-incubated for 30 mm. for maximum inhibitor response. To

this, casein (2.0 ml) was added followed by 1.5m1 buffer. The system was

incubated for 15 mm. at 30 0C and the reaction was stopped by adding 4.0

ml of 10% TCA. The TCA system was kept for one hour to complete protein

precipitation and the precipitate was centrifuged off at 1000 x g for 10 mm.

One ml of the supernatant was used for the quantification of TCA soluble

peptide fragments by the method of Lowry et al., (1951).
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Calculation of trypsin inhibitor activity

A calibration curve was prepared using bovine serum albumin (BSA)

as standard. One unit of trypsin activity is defined as one mg peptide

fragments released per minute at 30°C under the assay conditions.

Trypsin inhibitor unit (TIU) is defined as the number of trypsin units

inhibited and is expressed on a dry weight basis. The effect of free amino

acids in the inhibitor was nullified by subtracting the readings of control

system from the inhibited system readings.

Assay of amylase inhibitor (Rekha and Padmaja, 2002)

The amylase inhibitor activity was studied using 0.5 % soluble starch

as substrate. Porcine pancreatic cx-amylase (Emerck, Germany) was used as

the enzymatic source uniformly throughout the study. Three assay systems

were used to quantify the amylase inhibitor activity. The control system

consisted of starch (0.5 ml) and 0.02 M sodium phosphate buffer pH 6.9

(2.25 ml). In the uninhibited system, 0.5 ml starch and 2.0 ml buffer were

allowed to react with a-amylase (0.25 ml from a solution containing 100 tg

porcine pancreatic a-amylase/ ml). After incubation for 10 mm. the

reaction was stopped by adding 1.0ml of 0. IN HC1. In order to elicit

maximum inhibitor response, the inhibitor extract (0.5 ml) was pre-

incubated with the buffer (1.5 ml) and a-amylase (0.25 ml) for 30 mm. at

room temperature (30±2°C). To this inhibited system, 0.5 ml starch was

added to initiate enzyme action. After incubation for 10 mm, the reaction

was terminated by adding 1.0 ml 1 N HC1.

The residual starch in the uninhibited and inhibited system as well

as the starch in the control system was quantified by the method of
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Mohammed and Sharma (1985) using iodine reagent (0.5 ml of an iodine

solution containing 0.2 g iodine crystals and 2g potassium iodide in 100 ml

distilled water). The volume was increased to 20m1 with distilled water and

the absorbance of the blue colour was measured at 620 nm in an ATI-

Unicam UV—Vis Spectrophotometer.

Calculation of amylase inhibitor activity

A calibration curve was prepared using soluble starch (500-3000 p.g),

phosphate buffer and iodine reagent.

One a-amylase unit is defined as one .tg starch hydrolysed per

minute at 30°C under the assay conditions.

One a-amylase inhibitor unit (AIU) is defined as the amount of

inhibitor that reduces the a-amylase activity by one unit.

The amount of starch hydrolyzed in the uninhibited system was

computed by subtracting the respective readings from the control system

readings.

Three replications were maintained for each sample and duplicate

anaylsis was performed for each replicate.

Treatments/ Processing

Soaking

The tubers were peeled and cut into small pieces and were soaked in

distilled water and 0.02% (w/v) sodium bicarbonate (NaHCO3) solution (pH

8.6) for 3, 6 and 9 hrs. in the ratio of 1:10 (w/v). The water was drained off,

and the samples were dried at 55°C.
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Cooking

Separate batches of the sample were cooked in distilled water (1000C)

in the ratio of 1:10 (w/v) for 30, 60 and 90 mm. The cooked samples were

rinsed and dried at 55°C.

Autoclaving

The samples were autoclaved at 15 lb pressure (121°C) in distilled

water (1:10 w/v) for 15, 30 and 45 mm. The samples were rinsed with

distilled water and dried at 55°C.

All the treated as well as raw samples were powdered in a Willey mill

to 60 mesh size.

Statistical analysis

Proximate analysis, mineral analysis, soluble protein, starch, sugars,

and anti-nutritional factors like total free phenolics, tannins, hydrogen

cyanide and total oxalate were estimated on triplicate determinations.

Estimates of mean and standard error for the above stated parameters were

calculated.

Mean was calculated by using the formula

X	 =	 x/N

Where	 X	 =	 Mean

=	 Summation

X	 =	 Observations

N	 =	 Number of observations
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Standard error was calculated by using the formula

S. E. =	 SD,RJN

Where

S. D. =	 Estimates of Standard Deviation

N	 =	 Number of observations.
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RESULTS



RESULTS

Sixteen wild edible tubers/ corms/ rhizomes were identified as being

eaten by the Kanikkar tribals of the South-Eastern slopes of the Western

Ghats, Kanyakumari District, Tamil Nadu, India. They are tabulated

alphabetically with botanical name, family name, vernacular name (used by

the Kanikkars) habit and habitat (Table 1).

Table-2 shows the consumption pattern of the wild edible

tubers/corms/rhizomes by the Kanikkar tribals.

CHEMICAL ANAYLSES

Proximate Composition

Crude protein

Proximate composition (Table 3) reveals that the tubers of Dioscorea

alata, D. bulbfera, D. esculenta, D. oppositzfolia, D. wallichi and rhizome of

Maranta arundinacea contain more than 10% of crude protein.

Crude lipid

The corms of Arnorphophallus campanulatus, Xanthosoma

sagittifolium and tubers of Diosco'-ea bulbifera, and D. oppositifolia, contain

more than 5% of crude lipid content.

Crude fibre

Crude fibre content was found to be relatively high in the tubers of

Dioscorea esculenta, D. oppositifolia, D. pentaphylla, D. wallichi and corm of

Xanthosoma sagittifolium.
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Ash

The ash content ranged between 2.10% and 8.50% in different plant

samples currently investigated. The tubers of Dioscorea alata exhibits

around 8% of ash content.

NFE (Nitrogen Free Extractive) or Total Crude Carbohydrates

The content of the total crude carbohydrates of all the investigated

samples ranged between 65.47% and 88.54%. The NFE values of tubers of

Dioscorea pentaphylla, D. tornentosa, Mani hot esculenta, M. esculenta var.

M-4, M. esculenta var M-226 and corms of Alocasia rnacrorrhiza and

Xanthosoma violaceum are found to exceed 80%.

Calorific value

The calorific value of the presently investigated corms of

Amorphophallus campanulatus, Xanthosomcz sagittifolium, X. violaceum,

Alocasia macro rrhiza and tubers of Dioscorea bulbfera, D. tome ntosa,

Manihot esculenta and M. esculenta var. M-4 is found to exceed

1600KJ 100-'DM.

Mineral composition

The data on the mineral profiles are furnished in Table 4. The tuber

of Dioscorea esculenta and corms of Xanthosoma sagittifolium and

X. violaceum exhibited high level of potassium. The tubers of Dioscorea

pentaphylla, corms of Alocasia macro rrhiza, Xanthosoma sagittifolium and

X. violaceum exhibited high content of iron.
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Soluble Protein, Starch and Total Sugars

The data on the soluble protein, starch and total sugars of the

investigated samples are presented in Table 5.

The soluble protein of the investigated samples ranged between

0.44% and 3.12%. The starch content of the investigated samples ranged

between 20.93% and 69.23%. The tubers of Dioscorea alata, D. esculenta,

D. oppositifolia, Manihot esculenta and M. esculenta var M-4, rhizome of

Maranta arundinacea and corm of Xanthosoma violaceum exhibited more

than 60% of starch.

The total sugar of the currently investigated samples ranged between

1.00% and 9.09%. The content of total sugars of the rhizome of Canna

indica and tubers of Mani hot esculenta var H-226 is found to exceed 8%.

In vitro Protein digestibility and In vitro Starch disgesti-

bility

The in vitro protein digestibility of the investigated samples ranged

between 3.78 units and 6.74 units.

The in vitro starch digestibility of the investigated sample ranged

between 6.12 units and 176.37 units. The tubers of Dioscorea bulbifera and

Manihot esculenta var. H-226 exhibited high in vitro starch digestibility.
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Anti-nutritional Factors

The data on antinutritional factors, total free phenolics, tannins,

hydrogen cyanide, total oxalate, amylase inhibitor and trypsin inhibitor are

presented in Table 6.

Total free phenolics

In the investigated samples, the content of total free phenolics ranged

from 0.03% to 1.40%. In the corm of Amorphophallus campanulatus and the

tuber of Dioscorea bulbfera the total free phenolics is found to be more

than 1%.

Tannins

The tannin content of all the investigated samples ranged from

0.02% to 1.59%. In the corm of Amorphophallus campanulatus and the

tubers of Dioscorea bulbzfera, the tannin content is found to be above 1%.

In all the other investigated samples tannin content is found to be less than

1%.

Hydrogen Cyanide

In the investigated sample hydrogen cyanide content is found to be

negligible.

Total Oxalate

The total oxalate content of all the investigated samples except the

tubers of Ma ni hot esculenta and M. esculenta var. H-226 ranged from
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0.10% to 3.15%. In the corm of Amorphophallus campanulatus and the

rhizome of Canna indica, the oxalate content is found to be above 2%.

Amylase inhibitor

The amylase inhibitor activity of the currently investigated samples

ranged from 0.18 units to 14.50 units. In the tubers of Dioscorea alata,

D. esculenta and D. wallichi and corms of Alocascia macrorrhiza and

Amorphophallus campanulatus, the amylase inhibitor activity is found to be

more than 5 units.

Trypsin inhibitor

The trypsin inhibtor activity of the investigated samples ranged from

0.21 units to 23.70 units in the tubers of Dioscorea oppositifolia and in the

corms of Alocasia macro rrhiza and Xanthosoma sagittifolium, the trypsin

inhibitor activity is found to be more than 10 units.

Treatments/ Processing

Sixteen different tubers/ corms/ rhizomes of the present

investigation were subjected to various processing to understand to what

extent the studied anti-nutritional factors, total free phenolics, tannins,

hydrogen cyanide, total oxalate, amylase inhibitors and trypsin inhibitors

get reduced in different time intervals. The data on the effect of soaking in

distilled water and sodium bicarbonate solution, and cooking and

autoclaving on the levels of the above said anti-nutrients in Alocasia

macrorrhiza, Amorphophallus campanulatus, Canna indica, Dioscorea alata,

D. bulbifera, D. esculenta, D. oppositifolia, D. pentaphylla, D. tomentosa,
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D. wallichi, Mani hot esculenta, Mani hot esculenta var. M-4, Mani hot

esculenta var. H-226, Maranta arundinacea, Xanthosoma sagittifolium and

Xanthosonwi uiolaceum are presented (Tables 7-38).

Soaking

The data on the effect of soaking in distilled water and sodium

bicarbonate solution in different time intervals on the levels of the selected

anti-nutrients in Alocasia mczcrorrhiza, Amorphophallus campanulatus,

Canna indica, Dioscorea bulbifera, D. esculenta, D. oppositifolia,

D. pentaphylla, D. tomentosa, D. wallichi, Mani hot esculenta, Mani hot

esculenta var. M-4, Manihot esculenta var. H-226, Maranta arundinacea,

Xanthosorna sagittifolium and Xanthosoma violaceum are presented in

tables 7-22 respectively.

Soaking in distilled water for 9 hours showed above 45% reduction in

the level of total free phenolics in the presently investigated samples of

Canna indica, Dioscorea wallichi and Maranta aruridinacea.

Soaking in sodium bicarbonate solution (0.02% w/v) for 9 hours

showed 50% reduction in the level of phenolic content of Canna indica,

Dioscorea wallichi and Xanthosoma violaceum..

Soaking in distilled water for 9 hours showed above 40% decrease in

tannin content level in Dioscorea oppositifolia, D. pentaphylla,

D. tomentosa, D. wallichi and Manihot esculenta var. M-4 whereas soaking

in Sodium bicarbonate (0.02% w/v) for 9 hours showed above 50%

decrease in the level of tannin in Dioscorea pentaphylla, D. tomentosa,
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D. wallichi, Xanthosorna violaceum and Manihot esculenta var. M-4 when

compared with raw samples.

Soaking in distilled water for 9 hours showed above 50% reduction in

the level of hydrogen cyanide content in the currently investigated samples

of Alocasia macro rrhiza, Canna indica, Dioscorea esculenta,

D. oppositzj'olia, Maranta arwidinacea, Xanthosorna sagiffifolium and

X. violaceum whereas soaking in sodium bicarbonate solution (0.02 % w/v)

for 9 hours with above 80% reduction in the content of cyanogens was

reported in Dioscorea oppositifolia, Maranta arundirzacea and Xanthosorna

violaceum.

25 % reduction in total oxalate content was observed while soaking in

distilled water for 9 hours in Alocasia macrorrhiza, Canna indica, Dioscorea

tomentosa, D. wallichi and Manihot esculenta var. M4. Soaking in Sodium

bicarbonate solution (0.02% w/v) for 9 hrs. showed 25% decrease in the

total oxalate content in Alocasia macro rrhiza, Amorphophallus

camparwiatus, Canna iridica and Dioscorea tomentosa.

Soaking in distilled water and NaHCO 3 solution (0.02% w/v) in all the

presently investigated samples showed only slight decrease in the level of

amylase and trypsin inhibitor content.

Cooking and autoclaving

The data on the effect of cooking and autoclaving in different time

intervals on thç j,vels of the selected anti-nutrients in Alocasia macrorrhiza,

Amorphophallt4s ctmpanulatus, Canna indica, Dioscorea alata, D. bulbjfera,
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D. esculenta, D. wallichi, Manihot esculenta, M. esculenta var. M-4, M.

esculenta var H-226, Maranta arundinacea, Xanthosorna sagittifolium and

Xanthosoma violaceum are presented in tables (23-38) respectively.

Cooking for 90 minutes showed 80% decrease in total free phenolics

content in Amorphophallus campanulatus, Dioscorea oppositifolia, D.

wallichi, Maranta arundinacea and Xanthosoma violaceum.

Autoclaving for 45 minutes showed 90% reduction in total free

phenolics content in Amorphophallus campanulatus, Canna iridica and

Xanthosorncz violaceum

Cooking for 90 minutes showed 80% reduction in the tannin content

in Amorphophallus campanidatus, Dioscorea pentaphylla, D. tome ntosa,

D. wallichi, Mani hot esculenta, M. esculenta var H-226, XanthosOTfla

sagittifolium and X. uiolaceum. Autoclaving for 45 minutes showed 90%

decrease in tannin content in Dioscorea esculenta, D. tomentosa, Mani hot

esculenta var. M-4, Xanthosoma sagittifolium and X. violaceum.

Cooking for 90 minutes showed 80% reduction in the hydrogen

cyanide content of Amorphophallus campanulatus, Dioscorea oppositzfolia

and Xanthosoma violaceum.

Autoclaving for 45 minutes showed 90% decrease in the hydrogen

cyanide content in Alocasia macrorrhiza, Amorphophallus campanulatus,

Dioscorea bulbifera, D. oppositifolia and D. wallichi.
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Alocasia macro rrhi.za, Dioscorea esculenta, D. wallichi and Mani hot

esculenta showed 60% reduction in total oxalate content when cooked for

90 minutes.

Autoclaving for 45 minutes showed 65% decrease in total oxalate

content in Alocasia macro rrhiza, Dioscorea esculenta, D. wallichi and

Manihot esculenta.

It was found that the tubers of Mani hot esculenta var. M-4 and

M.esculenta var H-226 do not have oxalates.

Cooking and autoclaving of all the investigated samples showed only

slight reduction in the level of amylase inhibitor and trypsin inhibitor

activity.

In vitro protein digestibility and in vitro starch digestibility in the raw

and treated samples are presented in tables (39-54).

Autoclaving for 45 minutes showed increased rate of the in vitro

protein digestibility and in vitro starch digestibility of all the presently

investigated samples than other treatments.
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DISCUSSION

I. Wild Edible Plants

The present study indicates the nutritional value of the wild edible

tubers/ corms/ rhizomes used by the Kanikkar tribals in South-Eastern

slopes of the Western Ghats (Vide area Map), Tamil Nadu, India. Various

ethological and anthropological surveys conducted in India has brought to

light a number of wild plant species which are used by. the various ethnic

societies of India, but their edible properties and nutritional requirements

were not known to the modem civilization. Against this backdrop, in the

present study 16 wild edible tubers/ corm/ rhizome were collected and

subjected to chemical analyses (Table 1).

Among the 16 edible plants there are 11 tubers, 3 corms and 2

rhizomes consumed by the tribal Kanikkars (Table 2). The

tubers/corms/rhizomes are known to be consumed not only by the

Kanikkars but also by several other tribals. Dioscorea bulbfera and

D. peritaphylla are consumed by the tribes of Ratan Mahal Hills, Gujarat

(Bedi, 1978). The tubers of Dioscorea bulbfera, D. oppositifolia and

D. pentaphylla are consumed by the Bhuinya and Juang tribes of Orissa

(Mondal and Mukherjee, 1992) and the tribes of Western Maharashtra

(Nilegaonkar et al., 1985). The tubers of Dioscorea oppositzfolia and

D. pentaphylla are consumed by the tribals of Susala Island, Pune district,

Maharashtra (Vartak and Suryanarayana, 1995). The tubers of Dioscorea

esculenta is consumed by Jinuo tribes of China (Chun-lin and Jieru, 1995).

The tubers of	 Dioscorea alata,	 D. bulbifera, D. oppositzfolia,
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D. pentaphylla and D. tomentosa and the rhizome of Canna indica are used

by the tribes of Andaman and Nicobar Islands (Ravishankar, 1996). The

tubers of Dioscorea bulbifera, D. tornentosa, D. alata and D. oppositifolia

are eaten by the tribes of Rampa Agency, Andhrapradesh (Krishna

Prasad et al., 1999). The corm and tubers of Alocasia macrorrhiza,

Dioscorea alata, D. esculenta, D. bulbifera and D.pentaphylla are consumed

by the Maohi tribes of the Society Islands (Lepofsky, 2003).

Tribal beliefs and practices have helped to preserve flora and fauna in

their pristine glory, representing a great ecological heritage for modern

civilization. The traditional knowledge of the wild food plants has to be

preserved and utilized for agricultural development.

II. Chemical Analyses

In recent years, the Kanikkars of the Western Ghats, Kanyakumari

district, depend on wild food plants particularly wild tubers, corm and

rhizomes as their subsidiary food in recent years.

Tuber crops are rated as one of the richest sources of energy because

of the high photosynthetic efficiency and the subsequent synthesis of

carbohydrates, besides being a treasure house which provides vitamins and

minerals (Balagopalan, 2000).

Proximate composition

Crude protein

Dioscorea bulbifera has more crude protein than the other

investigated tubers, corms and rhizomes. The crude protein content

recorded in the present study for Dioscorea bulbifera (15.75 g 100g 1) and
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for the tubers of various species of the genus Dioscorea, is tabulated below

along with the values of the related species of the same genus.

Table 1. Data on the crude protein content of the different species

including the investigated species of the genus Dioscorea.

Name of the species	 Crude protein (% on Dry
weight basis)

Dioscorea roturzdataa	 8.55

D. rotundata (Nwopoko)b	4.80

D. cayenertsis (EKO)a	10.88

D. hispidac	 5.20

D. alata	 10.73

D. bulbfera	 15.75

D. esculenta	 10.50

D. pentaphylla	 5.68

D. oppositzfolia	 13.54

D. tomentosa	 5.25

D. wallichi	 10.50

Source of information

a. Onyilagha and Lowe, 1985

b. Akissoe et al., 2001.

c. Rajyalakshmi and Geervani, 1994.

The crude protein content of the tubers of Dioscorea alata,

D. esculenta and D. wallichi investigated in the present study is found to be

in agreement with the earlier investigations in the tubers of Dioscorea

cayenensis (EKO) (Onyilagha and Lowe, 1985).
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The crude protein content of the corms of Arnorp hop hczllus

campanulatus, Xanthosoma sagittzfolium is found to be higher than that of

the earlier reports in Colocasia esculenta (Mandal et al. 1982; Pramila et al.

1991; Aggarwal et al., 1999; Balagopalan 2000).

Crude lipid

Fat is a concentrated source of energy and supplies per unit weight

more than twice the energy furnished by either proteins or carbohydrates.

Presence of fat in the diet is important for the absorption of fat soluble

vitamins like vitamin A and carotene. Fats provide 'Essential Fatty Acids'

(EFA) which perform vitamin-like functions in the body (Narasinga Rao

et al., 1989).

The content of the crude lipids in the investigated tubers, corms and

rhizomes reveals that the tubers of Dioscorea oppositifolia, D. bülbifera and

corms of Amorphophallus campanulatus, Xanthosoma sagittifolium exhibit

more crude lipid content than the earlier reports in tubers of

Dioscorea oppositzfolia, D. bulbfera and D. hispida (Rajyalakshmi and

Geervani, 1994); D. rotundata (Akissoe et al., 2001); D. bulbifera and in the

corms of Colocasia esculenta and Alocasia macro rrhiza (Pramila et al.,

1991).

Crude fibre

Fibre in diet comes from complex carbohydrates available in whole

grains, fruits and vegetables.
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The crude fibre content in the tubers of Dioscorea esculenta,

D.opposi4folia, D.pentaphylla, D.wallichi and corm of Xanthosoma

sagittifolium is found to be more than that of the earlier reports in certain

tubers such as Dioscorea bulbifera (Pramila et al., 1991); Dioscorea

oppositifolia, D.bulbfera, D.pentaphylla, D.hispida (Rajyalakshmi and

Geervani, 1994) D.rotundata (Akissoe et al., 2001); D.oppositifolia and D.

pentaphylla (Murugesan and Anantha Lakshmi, 1991); corms of Colocasia

esculenta and Alocasia sp. (Aggarwal et al., 1991) and Alocasia indicus,

Alocasia sp. (Murugesan and Ananthalakshmi, 1991).

Ash

Relatively high content of ash (above 6%) is detected in the tubers of

Dioscorea alata, D.esculenta, D.oppositifolia and D.wallichi. This value is

found to be higher than that of the earlier reports in the tubers of various

species of Dioscorea (Rajyalakshmi and Geervani, 1994); Dioscorea bulbfera

(Pramila et al., 1991); D. rotundata (Akissoe et al., 2001).

Nitrogen Free Extractives (NFE)

In the present study the NFE content in the tubers of D.pentaphylla,

D. tomentosa, Mani hot esculenta, Mani hot esculenta var. M-4, M. esculenta

var. H-226; corm of Alocasia macro rrhiza, Xanthosoma uiolaceum and

rhizome of Canna indica is found to be higher (above 80%). This value is

found to be higher than that of some previous studies in the tubers of

Diosc9rea species (Rajyalakshmi and Geervani, 1994); D.rotundata (Akissoe

et al., 001) , D.bulbzfera and corms of Colocasia esculenta and Alocasia
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macrorrhiza (Pramila et al., 1991); in the tubers of Dioscorea species and in

the corm of Alocasia indicus (Murugesan and Ananthalakshmi, 1991).

Calorific value

The energy requirement of an individual is the level of energy intake

from food that will balance energy expenditure when the individual has a

body size and composition and level of physical activity, consistent with

long term good health and that will allow for maintenance of economically

necessary and socially desirable activity. In the case of children and

pregnant as well as lactating women, the energy requirement includes the

energy needs associated with the deposition of tissues or the secretion of

milk at rate consistent with good health (FAO/WHO/UNU, 1985).

In the present study the calorific values (energy) of the tubers of

Dioscorea bulbifera, D. tomentosa, Manihot esculenta var. M-4 and corm of

Alocasia macrorrhiza, Amorphophallus campanulatus, Xanthosoma

sagittifolium, X. violaceum and rhizome of Canna irulica are found to be in

the range of 1604.26-1727.50 KJ 100g' dry matter respectively.

Mineral composition

The essentiality of a number of minerals has been known for many

years and estimated dietary requirements for five of them (Calcium,

phosphorus, iron, copper and iodine) have been proposed in the 1939 "Year

book of food and life" (Sherman et al., 1939). The third edition of the

Recommended Dietary Allowance (RDA), published in 1953 includes RDA's

for only two minerals, viz., calcium and iron, although phosphorus, copper
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and iodine are recognized as essential minerals (Bogert, 1954). The number

of elements with dietary recommendations has expanded to twelve by the

National Research Council (NRC/ NAS, 1980) and has remained at twelve

when the most recent edition of the RDA was published (NRC/ NAS, 1989).

The 1980 recommendations include six minerals with RDA's and six with

Estimated Sale and Adequate Daily Dietary Intakes (ESADDI), while the

1984 recommendations include seven with RDA's and five with ESADDI

(Turniund 1994).

The sodium content of the currently investigated corms of Alocasia

macro rrhiza, Xanthosoma sagittifolium and X. uiolaceum is found to be

higher than that of the earlier report in Colocasia esculenta (Aggarwal et al.,

1999). Among the investigated samples, the corm of Xanthosoma

sagittifolium registers the highest level of Potassium (2060 mg 100g- 1). This

highest value seems to be higher than that of other earlier reports in the

corms of Alocasia macrorrhiza, Amorphophallus campanulatus, Colocasia

esculenta and Xanthosoma sagittifolium (Parkinson, 1984). The calcium

content in the corms of Alocasia macrorrhiza, Amorphophallus

campanulatus, Xanthosoma sagittifolium, X. violaceum and in the tubers of

Dioscorea pentaphylla, D. wallichi, Maril hot esculenta var. M-4 is found to

be higher than earlier studies in the corm of Colocasia esculenta and

Alocasia sp. (Pramila et al., 1991; Aggarwal et al., 1999); in the tubers of

Dioscorea opposittfolia, D. pentaphylla, D. bulbfera and D. hispida

(Rajyalakshmi and Geervani, 1994).

The magnesium content in the tubers of Dioscorea alata, D. bulbifera,

D. esculenta, D. oppositifolia, Manihot esculenta var. M-4 and M.esculenta
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var. H-226 is found to be more than that of an earlier report in the corm of

Colocasia esculenta and Alocasia sp. (Aggarwal et al., 1999); in the tubers

of Manihot esculenta, (Oke, 1975). Among the investigated samples, the

corms of AmorphophalluS campanulattts, Alocasia macrorrhiza, Xant.hosom.a

sagittifolium and X. uiolaceum are found to have more phosphorus content

than the earlier reports in the corms of AnwrphophallUS paeonifolius,

Alocasia indica, Xanthosoma sagittifoliurn, Colocasia esculenta. (Balagopal,

2000). Microelement zinc content in the corms of Amorphophallus

campanulatus and the tubers of Mani hot esculenta var. M-4 and

M. esculenta var. H-226 is found to be higher when compared to the zinc

content in the corms of Colocasia esculenta and Alocasia sp. (Aggarwal

etal., 1999).

The iron content in the corms of Alocasia macro rrhiza, Xanthosoma

sagittifoliu, X. violaceum and the tubers of Dioscorea pentaphylla is found
m 

to be higher when compared with the earlier reports in the corm of

Colocasia, AmorphophalluS, Xanthosoma and Alocasia (Balagopalan, 2000);

in the tubers of Dioscorea oppositzfolia and D. hispida (Rajyalakshmi and

Geervani, 1994); D. pentaphylla, D. oppositifolia (Murugesan and

Ananthalakshmi, 1991). Among the investigated samples, D. pentaphylla

(14.10mg 100g-1) exhibit the highest content of copper when compared

with that of the earlier reports in Colocasia esculenta and Alocasia

(Aggarwal et.al ., 1999) and Asparagus (Cosano and Rojas, 1990). When

compared with RDA's of NRC! NAS (1980) all the investigated samples,

indeed exhibit deficiency in sodium content. Among the currently

investigated plant parts the tubers of Dioscorea alata and D. esculenta,
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corms of Xanthosoma sagittifolium and X. violaceum are found to contain

more than the adequate level of potassium compared to RDA's of infants

and children (NRC/ NAS, 1980).

In the present study, the corm of Alocasia macro rrhiza,

Amorphophallus campanulatus, Xanthosorna sagittifolium and X. uiolaceum

and the tubers of Dioscorea pentaphylla, D. wallichi, Mani hot esculerita,

M. esculenta var. M-4, M. esculenta var. H-226 and Maranta aruridinacea

are found to contain higher calcium content than that of RDA's of NRC!

NAS (1980) for infants.

Most of the investigated plant parts are found to contain higher

Magnesium content than that of RDA's of NRC/NAS for infants and

children (1980). The phosphorus content in all the investigated plant parts

is found to be deficient compared to RDA's of NRC/NAS (1980). The corm of

Amorphophallus campanulatus and the tubers of Dioscorea tomentosa,

Mani hot esculenta, M. esculenta var. M-4 and M. esculenta var H-226 are

found to contain a high range of zinc content compared with RDA's of NRC!

NAS (1980) infants. All the investigated plant parts appear to have a higher

level of manganese content compared to ESADD 1 of infants, children and

adults (NRC! NAS, 1989).

In the present study, all the investigated plant parts except the

tubers of Dioscorea bulbifera have higher iron content compared to infants,

children and adults RDA's of NRC! NAS, 1980. All the investigated plant

parts appear to have a higher level of copper content compared to ESADD 1

of infants, children and adults (NRC! NAS, 1989). For ready and easy
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comparison, the RDA's and ESADD 1 values of NRC/ NAS (1980, 1989) are

tabulated below.

Table II. Recommended Dietary Allowances of Minerals

Categozya Age	 Weigh" Heighta Nab	Kb	 Cab Mgb	 Pb	 Feb Znb
(years)a or	 (Kg)	 (cm)	 (mg) (mg)	 (mg) (mg) (trig) (mg) (mg)
conditoin

Infants	 0.0-0.5	 6	 60	 --	 --	 400	 40	 300 6	 5
0.5-1.0	 9	 71	 500 1100 600	 60	 500	 10	 5

Children 1-3	 13	 90	 --	 --	 800	 80	 800	 10	 10
4-6	 20	 112	 900 1550 800	 120 800	 10	 10
7-10	 28	 132	 --	 --	 800	 170 800	 10	 10

Males	 11-14	 45	 157	 1200 270 1200 12	 15
15-18	 66	 176	 1200 400 1200 12	 15
19-24	 72	 177	 1200 350 1200 10	 15
25-50	 79	 176	 800	 350 800	 10	 15
51+	 77	 173	 800	 350 800	 10	 15

Females	 11-14	 46	 157	 1200 280 1200 15	 12
15-18	 55	 163	 1200 300 1200 15	 12
19-24	 58	 164	 1200 280 1200 15	 12
25-50	 63	 163	 800	 280 800	 15	 12
51+	 65	 160	 800	 280 800	 15	 12

Pregnant lst6month$	 1200 320 1200 30	 15
Lactating	 1200 355 1200 15	 19

2nd	 1200 340 1200 15	 16
6months

Source: a-NRC/NAS- 1989

b-NRC! NAS- 1980
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Table III. Estimated Safe and Adequate Daily Dietary Intake of

Minerals

Category	 Age (years)	 Cu (mg)	 Mn(mg)
Infants	 0.0-0.5	 0.4-0.6	 0.3-0.6

0.5-1.0	 0.6-0.7	 0.6-1.0

Children	 and 1-3	 0.7-10	 1.0-1.5

Adolescents	 4-6	 1.0-1.5	 1.5-2.0

7-10	 1.0-2.0	 2.0-3.0

11+	 1.5-2.5	 2.0-5.0

Adults	 1.5-3.0	 2.0-5.0

Source: NRC/NAS- 1989

Starch

In the present study, all the investigated tubers, corms and rhizomes

are found to contain more starch than that of earlier reports in the tubers

of Dioscorea oppositzfolia, D. bulbifera, D. pentaphylla and D. hispida

(Rajyalakshmi and Geervani, 1994); D. alata (Abraham and Nair, 1984);

Ipomoea batatus (Nair and Nair, 1992), Manihot esculenta (Maini and

Balagopal, 1978); the corm of Amorphophallus paeonifolius (Moorthy et.al.,

1994; Balagopal, 2000); Colocasia (Balagopal, 2000). Among the

investigated tubers Dioscorea esculenta seems to be more or less identical

with that of an earlier report in the same species of Dioscorea esculenta

(Sundaresan et al., 1990).
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The in vitro starch digestibility (IVSD) of the raw samples are found to

be very high except Maranta arundinacea.

Anti-nutritional factors

The anti-nutritional factors include protease inhibitors, phytate,

lectins, total free phenolics, tannins, cyanogenic glucosides, alkaloids, non-

protein aminoacids, flatulence factors, saponins and allergins (Liener,

1994). The anti-nutritional factors in the legume seeds adversely affect the

protein digestibility (Gupta, 1987). These substances, unless destroyed by

heat or some other suitable treatment, can exert adverse physiological

effects when ingested by man and animals (Liener, 1980). On the contrary,

it has been suggested that consumption of low level of certain anti-

nutrients may produce health benefits while avoiding some of the adverse

effects associated with their large intake (Thompson, 1988).

Total Free Phenolics and Tannins

Polyphenols are present in almost all parts and they are common in

most food plant (Bravo et al., 1994). Polyphenols have different effects in

the intestine depending on their solubilities. Extractable polyphenols

appear to be absorbed from the digestive tract and produce systemic

effects such as reduction of the metabolic utilization of absorbed

aminoacids and elevate plasma levels of growth hormone (Martin-Tanguy et

al., 1976; Barry et al., 1986). Non-extractable polyphenols not absorbed in

the intestine are recovered quantitatively in faeces 	 (Bravo et al., 1992;

1993).
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Phenolic compounds inhibit the activity of digestive as well as

hydrolytic enzymes such as amylase, trypsin, chymotrypsin and lipase

(Salunkhe et al., 1982). Polyphenols decrease the digestibility of

carbohydrates, the availability of vitamins and minerals (Rao and

Deosthale, 1982) and interact with proteins rendering them insoluble

(Singh, 1984).

Among the tubers of various species of Dioscorea, the tubers of

Dioscorea bulbfera contain more total free phenolics (1.40%). This value is

found to be higher than that of the earlier studies in the tubers of

Dioscorea cayenensis, D. alata, D. dumetorum and D. bulbij'era (Osagie and

Opoku, 1982); Ipornoea batatas (Adelusi and Ogundana, 1987); Dioscorea

esculenta, D. alata, D. rotundata (Babu et al., 1990; Sundaresan et al.,

1990); and Mani hot esculenta, Ipornoea batatas (Babu et al., 1990).

Among the currently investigated tubers of Dioscorea species, the

tubers of the species D. bulbifera contain more tannin when compared with

other earlier reports in the tubers of Dioscorea alata, D. cayenensis,

D. rotundata and D. esculenta (Esuabana, 1982; Udoessien and Ifon, 1992).

The tannins and phenolics are water soluble compounds (Uzogara

et al., 1990) and as such can be eliminated by decortication and soaking

(Singh, 1988; 1993; Kataria et al., 1989; Singh and Singh, 1992).

It seems that polyphenols may not pose a serious constraint

particularly to people in regions where pulses are consumed after

decortification. Soaking (water discarded) followed by cooking before

consumption is recommended as a means of removing harmful effects of
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polyphenolic compounds in the regions where pulses are consumed as

whole seeds (Rao and Deosthale, 1982).

Improvement of protein digestibility by reducing the levels of total free

phenolics and tannins has been well documented in some tribal pulses

(Siddhuraju et al., 1996 a, b; Vijaya Kumari et al., 1995; 1996; 1997 a, b).

Hydrogen cyanide

The content of hydrogen cyanide level in the tubers; rhizome and

corms is found to be lower when compared with the earlier reports obtained

in the tubers of Mani hot utilisima and M. palmate (Oke, 1975); M. esculenta

(Nambisan and Sundaresan, 1990) and in the tubers of Dioscorea alata, D.

cayenensis, D. rotundata, D. esculenta (Maini and Balagopal, 1978; Osagie

and Opoku, 1982; Esuabana, 1982; Udoessien and Ifon, 1992).

Total oxalate

Oxalate is an end product or excretory product in metabolism and

tends to accumulate in the plant with increasing age. Its concentration is

higher in the levels which are lost at abscission and its toxicity is removed

by deposition as calcium oxalate crystals (Smith, 1982).

Among the investigated plant parts, the corm of Amorphophallus

campanulatus and rhizome of Canna indica contain more total oxalate when

compared with other earlier reports in the tubers of Mani hot esculenta

(Raymond et al., 1941; Oke, 1975); in the corms of Alocasia macrorrhiza

and Xanthosoma sagittifoliurn (Chakraborty and Eka, 1977); Colocasia

(Mandal et al., 1982); in the tubers of Dioscorea alata, D. cayenensis, D.

rotundata and D. esculenta (Esuabana, 1982).
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Amylase Inhibitor activity

Alpha-amylase inhibitors combine with alpha amylases and make

them unavailable for starch digestion. Research has been carried out on the

possible interference of these compounds with starch digestion in living

organisms and on their physiological function (Rekha and Padmaja, 2002).

The amylase inhibitor activity among the currently investigated

tubers, corms and rhizomes are found to be in the range of 0.18 to 14.50

units. This range is very low when compared with the earlier reports in the

tubers of Dioscorea oppositzfolia, D. bulb jfera, D. pentaphylla and D. hispida

(Rajyalakshmi and Geervani, 1994).

Trypsin inhibitor activity

Trypsin inhibitor is believed to play a regulatory role in plant

metabolism and many such storage proteins also have defensive role to

protect the plants from the attack of insects and pathogens (Johnson et al.,

1989; Ryan 1990).

Among the investigated tubers of Dioscorea species, the tubers of the

species D. oppositifolia (23.70 units) contain more trypsin inhibitor activity

when compared with the earlier reports in the tubers of D. dum.etorum and

D. rotundata (Lape and Treche, 1994); D. rotundata (Sasikiran et al., 1999).

Processing/ Treatment

Many foods including the root crops cannot be digested in their

natural state and hence require cooking which increases the palatability,

digestibility, the keeping qualities and the safety of the foods from

potentially toxic substances (Bradbury and Holloway, 1988).
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Soaking in water or in salt solution prior to household cooking also

effects a significant reduction in tannin content, provided the cooking broth

is discarded (Deshpande and Cheryan, 1983; Braham and Bressani, 1985).

Soaking in sodium bicarbonate solution (0.02% w/v) for 9 hours reduces

the concentration of total free phenolics to a maximum extent in the

rhizome of Canna indica whereas the content of tannin is reduced to 88%

by soaking in sodium bicarbonate solution for 9 hours in the tubers of

Dioscorea tome ntosa.

About 94% of the total free phenolics gets removed in the corm of

AmorphophalluS campanulatus when cooked for 90 minutes and autoclaved

for 45 minutes where as in the rhizome of Canna indica mere autoclaving

for 45 minutes showed reduction in the level of total free phenolic content.

Autoclaving the rhizome of Canna indica for 45 minutes showed reduction

in the level of total free phenolics content. Autoclaving the tubers of

Dioscorea tome ntosa, D. esculenta, Mani hot esculenta and corm of

Xanthosoma sagittzfolium and X. uiolaceum for 90 minutes showed

reduction in the content of tannin to a maximum (above 90%).

The loss of tannins may also be due to heat degradation of tannin

molecules or formation of water soluble complexes. The loss of polyphenols

by autoclaving may also be due to the interaction of polyphenols with other

components of the plant parts such as protein to form insoluble tannin-

protein complexes (Babar et al., 1988).

The rate of reduction of tannin content is great in sodium

bicarbonate solution soaking than distilled water soaking. Polyphenol

compounds are of water soluble nature (Kumar et al., 1979). Hence a
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decrease in the free phenolics and tannin content in the rhizome of Canna

indica and tubers of Dioscorea tomentosa during soaking may be due to

leaching of the phenolic substance in soaking water under concentration

gradient. Earlier, similar results have been observed in several legumes

under such treatments (Laurena et al., 1986; Kataria et al., 1988).

Soaking for 24 hours followed by 10 minutes boiling has been

reported to eliminate upto 60% of the total cyanide and remove the free

cyanide completely. However, soaking alone is not effective in removing

cyanide (Balagopal, 2000). The content of the hydrogen cyanide level in the

raw samples of tubers, rhizome and corm is far below the lethal level, i.e.,

36 mg lOOg-' (Oke, 1969). There seems to be a positive correlation between

the reduction in the content of hydrogen cyanide and duration of soaking

period in all investigated plant parts. Significant reduction has been

observed when subjected to both distilled water as well as solution soaking.

Endogenous and autolytic enzymes are inactive (Panasuik and Bills, 1984),

but are activated by hydrolysis. The hydrogen cyanide produced during

hydrolysis is water-soluble and this accounts for the decrease in hydrogen

cyanide content during soaking. Similar results has been obtained earlier

in Manihot esculenta (Bradbury and Holloway, 1988).

All the tubers tend to contain oxalic acid but high level of oxalate are

known to be toxic to man and animals. The lethal dose of oxalate for man is

reported to range from 2-5 g. It is also believed that the various methods of

preparation of yam tubers for food tend to reduce the level of oxalate (Eka,

1967). The total oxalate content of all the investigated samples falls below

the lethal range. Soaking, cooking, and autoclaving further reduced the
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content of total oxalate. The edible aroids (corms) like Colocasia,

Xanthosoma, Alocasia, Cryptosperrncz and Amorphophallus have been

reported to be acrid; i.e., to cause a sharp irritation and burning of the

throat and mouth on ingestion of uncooked material (Sakai, 1979). Alocasia

and Amorphophallus are even more acrid and requires removal of a thick

layer of skin and a long period of cooking to remove the acridity (Sakai,

1979; 1983). In the present study also cooking and autoclaving reduced the

level of total oxalate content in most of the samples.

In the present investigation, slight reduction in the levels of amylase

inhibitor and trypsin inhibitor activity during soaking, cooking and

autoclaving were observed. Boiling for sufficient time makes the tubers/

corms/ rhizomes make them soft enough and inactivate all the trypsin

inhibitor as reported by Bradbury and Holloway (1988) in sweet potato, taro

and giant swamp taro. Rekha (2000) reported that various processing

methods can detoxify amylase inhibitor in tuber crops.

The raw samples of tubers of Dioscorea wallichi exhibited 5% in vitro

protein digestibility (IVPD). Cooking for 90 minutes increased the IVPD

value to 11% (106% improvement) whereas autoclaving improved the

digestibility of protein somewhat further. The increase in protein

digestibility of the tubers on autoclaving may be attributed not only to the

removal of the polyphenols but also to the structural disintegration of the

native proteins including enzyme inhibitors.

The raw tubers of Dioscorea alata exhibited 30% in vitro starch

digestibility. Autoclaving for 45 minutes increased the in vitro starch

digestibility to 50% (100% improvement). This is in agreement with the

71



earlier reports in Dioscorea dumetorum and D. rotund ata. It has been

known for a long time that raw starch of certain tubers are poorly digestible

(Langworthy and Devl, 1922; Booher et al., 1951) and a very mild moist

heat treatment, could render any starch completely digestible (Cummings

et al., 1986).

Based on the nutritive evaluation studies on the wild edible tubers,

corms and rhizomes consumed by the tribal Kanikkars, it can be

summarized that most of them are found to be good source of protein, lipid,

crude-fibre, starch and minerals.

While considering the various processing methods, autoclaving seems

to be the best for the removal / inactivation of the investigated anti-

nutritional factors and it also improves the in vitro protein and in vitro

starch digestibility.
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SUMMARY



SUMMARY

In the present study, about 16 wild edible tubers/corms/rhizomes

reported to be eaten by the tribal Kanikkars of Kanyakumari district,

Western Ghats, were collected and documented. The collected 16 wild

edible plants belong to 5 families. Among the edible plants collected, the

tubers of Dioscorea species are harvested in large quantities and consumed

almost all over the year.

The chemical analyses of the various edible parts reveal that most of

them appear to be good sources of crude protein, crude lipid, crude fibre,

NFE, starch and minerals like potassium, calcium, magnesium, zinc and

iron. The anti-nutritional factors such as total free phenolics, tannins,

hydrogen cyanide, total oxalate, amylase inhibitor and trypsin inhibitor

activity were detected in all the collected samples.

The proximate composition reveals that most of the investigated plant

parts appear to be good sources of crude protein and crude lipid. Among

the investigated edible parts, the starch content is found to be high in the

tubers of Manihot esculenta var. M-4. The maximum calorific value is

registered by the tubers of Dioscorea bulbfera. The data on mineral profiles

reveal that potassium is the predominant element in the tubers of

Dioscorea alata, Dioscorea esculenta and corms of Xanthosomcz sagittifolium

and X. violaceum vis-à-vis RDA's value of NRC/NAS (1989). All the

investigated plant parts exhibited in vitro protein and in vitro starch

digestibility. Tubers of Dioscorea bulbifera and Ma ni hot esculenta var. H-

226 showed high in vitro starch digestibility.
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Different processing methods of the edible parts showed that

autoclaving for 45 minutes reduces the amount of anti-nutrients to a

maximum level thus improving the in vitro protein and in vitro starch

digestibility.

Based on the chemical evaluation of the wild edible plant parts used

by the Kanikkars, the tubers of Dioscorea esculenta, D.oppositzfolia,

D.wallichi; corms of Xanthosoma sagittifolium and X. violaceum and

rhizomes of Maranta arundinacea and Canna indica may be advocated for

the popularization and large scale cultivation so that these excellent foods

can be made readily available for the increasing population.
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02-88 NUTRITIONAL EVALUATION OF THE RHIZOME
OF Maranta arundinacea (L.)

* Shanthakumarl S,	 Mohan V.R and --- John De Britto

* Department of Botany, Sarah Tucker College, Thune(ve(i-627 007
PG Department of Botany, VOC College, Thoothukudi-628 008

Department of Botany, &Xavier's College (Autonomous), Palayankdtai427 002

The rhizome of Maranta arundinacea (L) has traditionally been
eaten by the tribal Kanikars in Kanyakumati District. The data on the
chemical composition, nutritional attributes and the anti-nutritional
contents of the rhizome of Maranta arundinacea (L.) are not readily
available. The proximate composition, total protein, total starch, total
sugars, in vitro starch digestibility, in vitro protein digestibility and certain
anti-nutritional contents of the rhizome of Maranta arundinacea (L.) have
been analysed.

02-89 ANTI-INFLAMMATORY ACTIVITY OF Abelmoschus
ficulneus

* Sethuraman M.G and Vigneswari K

* Department of Chemistry, The Gandhigrani Rural Institute, Gandhigram — 624 302
Department of Bo-technology, Kamaraj College of Engineering and Technology,

Virudunagar — 624 001

Abelmoschus ficulneus Weight. and Ar (Syn: HibIschus
ficulneus) Linn. is a herbaceous, prickly, annual bush, indigenous to the
hotter parts of India. The flowers and dry pods of the plant have been
taken up for the work and the polyphenolic constituents isolated were
characterized by spectral studies such as UV, 1 H and 13C NMR. The
isolated flavonoids were tested for anti-inflammatory activity by both in

National Saninar on Rural Biotechnology fcr Sustainable Devdoment, 19 & 20 Feb. 2004
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15.HERBS ARE NATURAL REMEDIES FOR GOOD
HEALTH

RAN! VIJA YA, C and SARADA, T.

Dept. of Zoology, Sri Parasakthi College, Courtallam.

More and more people are curing their illnesses
with the herbal treatments and natural preventives that
have been effectively used for thousands of years. Herbs
play a significant role, especially in modem times. When
the damaging effects of food processing and over medi-
cation have assumed alarming proportions. most herbs
have little or no harmful side effects.

A Ilium sativum: Garlic has been highly valued for
centures all over the world for its health - building quali-
ties. Hippocrates, the father of medicine (460-357 B.C.)
recommended the use of this herb in infectious disease,
and intestinal disorders. In herbal medicine, garlic has
been traditionally used for asthma, deafness, leprosy,
worms, liver and gall bladder trouble. Clinical experi-
ments in recent times proved that garlic juice has most
beneficial effect on the entire body system. In Ayurveda,
a decoction of garlic boiled in milk is considered a won-
derful drug for tuberculosis. It is used in the treatment
of asthma, digestive disorders, high blood pressure,
cancer, whooping cough, skin disorders, wounds and
ulcers. It is also used both as food and seasoning agent
in the preparation of soups, sauces and pickles.

Piper nigrum: Pepper is one of the oldest and
most important of all spices. It is known as the King of
Spices Pepper was mcntioncd by Theophrastis in 372 -
287 B.C. Pepper is a native of the Western Ghats of
India. It is a stimulant, aromatic and digestive tonic.
Pepper has a stimulating effect on the digestive organs
and produces and increased flow of saliva and gastic
juices. Pepper is beneficial in the treatment of cold,
fever, amnesia, coughs, impotency, muscular pains and
pyorrhoea.

16.HERBS THAT HEAL-NATURAL REMEDIES FOR
GOOD HEALTH

SRIDEVI, T. and SARADHA, T.

Dept. in Zoology, Sri Parasakthi College, Courtallam.

The practice of herbal medicine dates.báck to the
very earliest periods of known human history. There is
evidence of herbs having been used in the treatment of
diseases and for revitalising body systems in all ancient
civilizations. Plants were the mainstay of medicine and
credited with mystical and supernatural powers of heal-
ing. In India, records indicate that herbs have been in
use for treating diseases since ancient times.

Gingiber officinale: Ginger is a perennial herb and
used as medicine in India from Vedic period. Ancient
physicans used it as a carminative or anti flatulent. Gin-
ger is widely used in local medicines in India and Far
East. Ginger is available in two forms, fresh and dried.
Both forms are effective. Ginger is extremely useful in
the treatment of syspepsia, vomiting, pain in stomach,
cough, cold, impotency and Respiratory disorders. In
western countries, it is widely used in biscuits, cakes,
puddings, soups and pickles. The essential oil from the
rhizomes is used in the manufacture-of essence and in
perfumes.

Myristicafragrans: Nutmeg is the dried kernel of
the seeds of an evergreen tree. It has a strong aroma
with a slightly bitter taste. The tree grows in Indonesia,
Malaysia, Sri Lanka and West Indies. Nutmeg contains
as essential oil and saponin. It was used in the prepara-
tions of various medicines in ancient times. It is used in
the treatment of digestive disorders, insomnia, dehy-
dration, Skin disorders, Rheumation. Nutmeg should
be taken in very small doses. The ripe seeds of the fruit
contains a volatile oil.

17.STUDIES ON THE WILD EDIBLE TUBERS OF
KANYAKUMAR1D1STRIC1C,TAMJJ1IADU

SHANTHAKUMARI, S.', MOHAN, V.R. 2 and JOHN DE
BRIT1'O, A.'

'Department of Botany, Sarah Tucker College, Tirunelveli -
627 007. 'PG Department of Botany, V.O.C. College, Tuticorin
-628008. 'Research Department of Botany, St. Xavier's Col-
lege (Autonomous), Tirunelveli -627 002.

Tuber crops, a cheap source of food are rich in
nutrients, vitamins and minerals. They play a major role
in sustaining people during famine. The Kanikkars in-
habiting the forests of Kanyakumari use wild tubers for
food and medicine. The wild edible plants can be used
as food, raw material for extraction of starch, medicine,
animal feed and manure. The Lesser known rhizoma-
tous plants and tuberous root crops such as Maranta
arundinacea, Dioscorea alata, D. bulbifera, D.
oppositffolia. D. pentaphylla etc. substitute their diet
as well as treat their ailments.

About 12 wild edible tubers belonging to 4 fami-
lies along with their mode of treating various ailments
are listed.

18. E	 èuuSr Ln(5^gjwb ur&fr

zifl. jicøfl

Quu 



CHEMICAL ANALYSIS OF THE RHIZOME OF
MARANTA ARUNDINACEA (L.)

SHANTHAKUMARI. S 1 , V.R. MOHAN 2 AND A.JOHN DE BRITTO3
'Department of Botany, Sarah Tucker College, Tirunelveli, 627007.
2p G. Department of Botany, V.0. C. College, Thoothukudi, 628008.
3Research Department of Botany, St.Xavier's College (Autonomous),
Pa/a yamkottai, 627002..

ABSTRACT
The tribal Kanikkars in Kanyakumari district consume the rhizome of
Maranta arundinacea (L.). The information on the chemical analysis,
nutritional attributes and the anti-nutritional properties of the rhizome of
Maranta arundinacea (L.) are not readily available. The proximate
composition, total protein, starch, sugars, in vitro starch digestibility, in vitro
protein digestibility and certain anti-nutritional properties of the rhizome of
Maranta arundinacea (L.) were analysed.

The crude protein content was 13.13%, crude lipid 1.12%, crude
fibre 6.48% and ash 2.10%. The rhizome was found to be a rich source of
total starch. The in vitro protein digestibility and in vitro starch digestibility of
the rhizome were 4.38 units and 6.12.units respectively. The anti-nutritional
principles like total free phenolics, tannins, hydrogen cyanide, total oxalate,
amylase inhibitor activity and trypsin inhibitor activity were also analysed.

INTRODUCTION

Tuber crops, a cheap source of food play a major role in sustaining people
during famine. They accumulate starch in the enlarged underground part. One
among such tuber crop accumulating starch in the underground rhizome is Maranta
arundinacea commonly called Arrow root, belonging to the family Marantaceae.
This plant is an erect, perennial herb, indigenous to tropical America. It has been
widely distributed throughout the tropical countries like India, Srilanka and West
Indies.

The rhizome contains maximum amount of starch but the rhizome are more
fibrous and the starch is difficult to extract. Arrow root starch is a fine, white powder,
tasteless and odourless when dry and is valued as a food for infants, invalids and
convalescents. Very little information is available on the chemical composition of
wild tubers and rhizomes (Karnick, 1971; Shenoy et al., 1990, Rajyalakshmi and
Geervani, 1994 and Nassar, 1999).

In this context, in the present investigation, an attempt has been made to
understand the chemical composition and anti-nutritional factors of the rhizome,
Maranta arundinacea (L.) with a view to assess the chemical and nutritional quality.



MATERIALS AND METHODS
The rhizome of Maranta arundinacea (L.) were collected from

Thalaikkumalay, Kanyakumari District, Tamil Nadu. Soon after collection, the
rhizome were sun dried and stored.

Moisture content was determined by the method of Rajaram and
Janardhanan (1990). The rhizome were powdered in Willeymill 60 mesh size and
stored in screwcap bottles at room temperature for further analysis. Nitrogen
content was estimated by the microkjeldahl method (Humphries, 1956) and crude
protein was calculated (Nx6.25) . The contents of crude lipid, crude fibre and ash
were estimated by AOAC (1975) methods Nitrogen free extract (NFE) were
obtained by difference (Muller and Tobin, 1980). The energy value of the rhizome
was estimated (KJ) by multiplying the percentages of crude protein, crude lipid and
NFE by the factors 16.7, 37.7 and 16.7 respectively (Siddhuraju etal., 1996).

The total soluble protein content of the extract was estimated by the method
of Lowry etal., (1951). The total starch and total sugar content were determined by
the titrimetric method of Moorthy and Padmaja (2002). The in vitro protein
digestibility and in vitro starch digestibility were determined by the method of
Padmaja (2001).

The antinutritional compounds, total free phenolics (Bray & Thorne, 1945),
tannins (Burns, 1971), oxalate (AOAC, 1984) and hydrogen cyanide (Jackson,
1967), amylase inhibitor activity (Rekha and Padmaja, 2002) and trypsin inhibitor
activity (Sasikiran and Padmaja, 2003) were quantified.

RESULTS AND DISCUSSION

Table 1 shows the proximate composition of the rhizome of Maranta
arundinacea. The results obtained in this study broadly agree with the data from
elsewhere (Coursey 1967, Vimala 1995). The moisture content although
considerably high the rhizome can be used effectively after drying and purifying.
The crude protein content is somewhat similar to that'of other tubers, Dioscorea
species (St.Vincent 1887, Rajyalakshmi and Geervani 1994 and Coursey, 1967).
The calorific value indicates that people of all age can consume it as their food.

The soluble protein, starch, total sugar content,, in vitro protein digestibility
and in vitro starch digestibility of the rhizome of Maranta arundinacea are given in
table 2. Arrow root cannot contribute sufficiently to the recommended daily protein
requirement of 23 to 56 g (National Research Council, 1974), but it supplies almost
pure starch. The total starch content is found to be higher than that of the tubers like
Dioscorea oppQsitifolla, D. bu!bifera, D. pentaphy!Ia and D. hispida (Rajyalakshmi
and Geervahi, 1994); Amorphopha!Ius campanulatus (Parkinson, 1984) and
Ipomoea batatus (Truong etal., 1986).

The total sugar content of the investigated rhizome was relatively lower than
other tubers like !pomoea batatus (AVRDC, 1983), Co!ocasia escu!enta (Yamashite
and Yoshikawa, 1973) and Manihot esculentum (Ketiku and Oyenuga, 1970). The
in vitro starch digestibility is found to be lower than the other tubers like Dioscorea
oppositifolia, D. bu!bifera, D. pentaphy!!a and D. hispida (Rajyalakshmi and
Geervani, 1994).



The protein quality is affected by factors that interact with the intestinal tract
such as protease inhibitors, phytate, lectins, tannins and saponins that reduce
protein digestibility and amino acid absorption. These substances unless destroyed
by heat or by some other suitable treatment can exert adverse physiological effects
when ingested by man and animals (Liener, 1994).

On the contrary, it has been suggested that consumption of low levels of
certain anti-nutrients may produce health benefits while avoiding some of the
adverse effects associated with their large intake (Thompson, 1988). In view of this,
in the present investigation an attempt has been made to detect the presence of
certain anti-nutritional factors such as total free phenolics, tannins, total oxalate,
hydrogen cyanide, trypsin inhibitor activity and amylase inhibitor activity (Table 3).

The content of total free phenolics of Maranta arundinacea appears to be
lower than the earlier reports in the tubers of Ipomoea batatas (Adelusi and
Ogundana, 1987); Dioscorea esculenta, D. alata, D. rotundata (Babu et. al., 1990);

Sundaresaçi et al., 1990) and Manihot esculenta (Babu et al., 1990). The
investigated rhizome contain less tannin when compared with other earlier reports
in the tubers of Dioscorea alata, D. cayenensis, D. rotundata and D. esculenta
(Udoessien and Ifon, 1992). The hydrogen cyanide level is found to be lower when
compared with the earliest results obtained in the tubers of Manihot utilisima and

M.palmata (Oke, 1975), M.esculenta (Nambisan and Sundaresan, 1990) and in the
tubers of Dioscorea alata, D. cayenensis, D. rotundata and D. esculenta (Udoessien

and Ifon, 1992).

The level of total oxalate in the rhizome of Maranta arundinacea is very low
when compared with the level in the Yam species like Dioscorea alata,
D. cayenensis, D. rotundata and D.esculenta (Esuabana, 1982). oc-amylase occur
widely in plant and animal kingdom. Inhibitors of these enzymes are implicated to
have a major role in the regulation of plant metabolism, animal digestion of
carbohydrate and insect resistance mechanism of plants. The cc-amylase inhibitor
content is lower in the analysed rhizome than the other Dioscorea species like
D. oppositifolia, D. bulbifera, D. pentaphylla and 	 D. hispida (Rajyalakshmi and
Gee,vani, 1994).

Trypsin inhibitor activity was low when compared with other species like
Dioscorea alata, D. rotundata and D. esculenta (Sasikiran et al., 1999).

A trypsin inhibitor with low molecular weight capable of inhibiting trypsin,
c-chymotrypsin and enterokinase has been reported from arrowroot by Rao et al.
(1983).

Based on the above findings, rhizome of arrowroot are reported as a good
source of starch, protein, sugar and fibre and they are capable of making valuable
contributions to human diet in their areas of production. As all the anti-nutritional
compounds are found only in a low level in this rhizome it can be recommended to
both rural and urban people for its wide utilization.
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Table 1: Proximate composition of the rhizome of Maranta arundinaceaa

Components	 g/100 g.

Moisture	 78.08

Crude protein (Kjeldhal Nx6.25) 	 13.13

Crude lipid	 1.12

Crude fibre	 6.48

Ash	 2.10

NFE (Nitrogen free extract)	 77.17

Calorific value (KJ100 1 DM)	 1550.23

a Mean of triplicate determinations expressed on dry weight basis.

Table 2: Soluble protein, starch, total sugars, invitro protein digestibility and in vitro
starch digestibility of the rhizome of Maranta arundinace?

Components	 g/100 g.

Soluble protein	 1.242

Starch	 64.29

Total sugars	 3.27

Invitro protein digestibility units*	 4.38

Invitro starch digestibility units**	 6.11

a..Mean of triplicate determinations expressed on dry weight basis.
* 1 Unit = g aminoacid released per bOg tuber (DM basis)

** 1 Unit = mg reducing groups /hr /g sample

Table 3: Antinutritional factors of the rhizome of Maranta arundinaceaa

Components	 g/100 g.

Total free phenolics	 0.09

Tannins	 0.76

Oxalate	 0.43

Cyanogens (mg/1 00 g) 	 0.05

Amylase inhibitor activity AIU/g 	 1.69
soluble protein

Trypsin inhibitor activity TIU/g	 4.40
soluble protein

I - Mean of triplicate determinations expressed on dry weight basis.
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PC/1P1

Chemical composition and nutritive value of tannia
(Xanthosoma sagittifolium (L.) Schott.)
S. Shanthakumari', V.R. Mohan' and J.D. Britto3
'Sarah Tucker College, Tirunelveli, Tamil Nadu
2V.O.C. College, Thoothukudi, Tamil Nadu
'St. Xavier's College, Palayamkottai, Tamil Nadu

The corms of tannia, Xanthosoma sagittifolium (L.) Schott. are rich in calories
and nutrients and hence play a major role in sustaining people during famine
and also as a vegetable in the daily dietary regime of many Indians. The corms
and cormels of tannia have traditionally been eaten by the tribal Kanikkars in
Kanyakumari District. The proximate components viz., total protein, starch,
sugars, in vitro starch digestibility and in vitro protein digestibility and certain
anti-nutritional components of the corm of Xanthosoma sagittifolium were
analysed. The crude protein content was 8.75%, crude lipid 7.42%, crude fibre
7.48% and ash 4.53%. The corms were found to be a rich source of total starch.
The in vitro protein digestibility (IVPD units) and in vitro starch digestibility (IVSD
units) of the corm were 5.09 units and 118.94 units, respectively. The anti-
nutritional principles like total free phenols, tannins, hydrogen cyanide, total
oxalate, amylase inhibitor activity and trypsin inhibitor activity were also anlaysed.

PC/P2

Pharmacological properties of Amorphophallus
pa eoniifolius
Bala Nambisan, B. Wilson, V.S. Manju and S. Sundaresan
Central Tuber Crops Research Institute
Thiruvananthapuram, Kerala

Amorphophallus paeonhifolius is a tuber crop which is used in indigenous
medicine for the treatment of inflammatory conditions, haemmorhoids and
rheumatism. The pharmacological properties of tuber extracts from wild
Amorphophallus were examined for anti-microbial, anti-inflammatory, analgesic
and antioxidant activity. Antimicrobial activity was tested against six bacterial
and two fungal strains. Acetone and ethanolic extracts inhibited all bacterial


