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INTRODUCTION 



The human life and culture has directly or indirectly been 

influenced by their surrounding environment. The primitive people were 

well acquainted with the properties and uses of plants of their 

surroundings Gadhav, 2006). They have inherited rich traditional 

knowledge of surrounding plants used as food, fodder, fibers, woods, 

fuel, medicine, beverage, tannin, dye, gum, resin, cosmetics, crafts and 

religious ceremonies Gadhav, 2006). The listings of plants and animals of 

ethno biological value are important for knowing and evaluating human

plant relationship to their environment (Alcorn, 1981a, 1984b; Bye, 1979). 

Human consumption of wild plants has been documented from 

antiquity into the common Era. Dietary use of wild fruits, nuts, seeds, and 

leaves appear in numerous records from ancient Egypt (Darby, 1977), 

Greece (Athenaeus, 1927-1942), Rome (Apicius, 1958), India (Charaka, 

1981), China (Sirnoons, 1991) and the Medieval era (Arano, 1976). Today, 

most human plant food is based on rather limited number of crops, but it 

is clear that in many parts of the world the use of wild plants is not 

negligible (Prescott and Prescott, 1990; Scherrer et al., 2005; Bussmann et 

al. 2006; Bussman and Sharon, 2006; Kunwar et al., 2006; Cavender, 2006; 

Pieroni et al. 2007). Many publications have emphasized on the diversity 

and value of wild edible plants (Maikhuri et al., 2000; Kala, 2007; Dhyani 

et al., 2007). The nutritional value of traditional wild plants is higher than 

several known common vegetables and fruits (Nordeide et al., 1996; 



Sundriyal and Sundriyal, 2001; Orech et al., 2007). The improved and 

better varieties of fruits, vegetables, cereals and most of other plant 

products of today are the works of modern scientists by making use of 

technologies based on the ancient village folk information, on the wild 

plants (Malia et.al., 1982). Therefore, our ancestors and of course the 

villagers, are the prime contributors to the development of modern 

science and technology which has been taking an innovative role in the 

path of progress and welfare of the society (Malia et.al., 1982). 

However, the diversity of uncultivated plant species, their 

occurrence and relationship with cultivated species and their use by 

humans has rarely been studied systematically (Grivetti and Ogle, 2000). 

Changing social values, depopulation of rural areas has led to erosion of 

traditional knowledge (Maikhuri et al., 2004). Decades of official food 

security policies worldwide have completely overlooked the importance 

of most food represented by wild species and harvested from 

impoverished and agriculturally unproductive lands, herein referred to as 

marginal lands (Prescott-Allen and Prescott-Allen, 1990). The indigenous 

people of a particular place generally depend on nearby forest areas to 

supply their needs. The biological resources are used in many ways, such 

as timber, fuel-wood, food, wild vegetables, spices, wild fruits, and often 

important medicines. Among them, WEPs play a major role in supplying 

food for poor communities in many rural parts of the world (Sundriyal et 
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al., 2003). Wild plants, aside from being used by poor communities, are 

commonly used today as a supplement for healthy diets in even the most 

developed regions of the world (Redzic, 2006). 

Approximately 75,000 species of plants world-wide are believed to 

be edible (Walters and Hamilton, 1993). Over the centuries, people have 

been dependent on this resource for their subsistence as they are efficient 

and cheap sources of several important micronutrients (Ali and Tsou, 

1997). It has even been suggested that wild food plants are nutritionally 

superior to some of the cultivated ones (Burlingame, 2000). However, 

these plant resources and their indigenous use are in danger of being lost 

in areas where environmental and cultural transformations have led to 

changes in feeding practices. Many indigenous communities abandon or 

change their traditional customs and thereby lose their plant knowledge 

over time (Benz et al., 2000; Byg and Balslev, 2001; Ladio and Lozada, 

2003). Changes in land-use due to urbanization and habitat destruction, as 

well as the slash and burn system of traditional farming with its 

associated shifting cultivation, have been causing forest destruction and 

degradation. 

In developing nations, numerous types of edible wild plants are 

exploited as sources of food hence provide an adequate level of nutrition 

to the inhabitants (Aberoumand et al., 2009).Today, most human plant 

food is based on rather limited number of crops (12 crops contribute more 
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than 85-90% of worlds caloric intake) ( Bussman and Sharon,2006; 

Kunwar et al., 2006; Cavender, 2006; Pieroni et al., 2007). Wild food plants 

play a very important role in the livelihoods of rural communities as an 

integral part of the subsistence strategy of people in many developing 

countries Uohns and Kokwaro, 1991; Leakey and Newton, 1994). 

Uncultivated food is an important component of the local society and 

culture, and loss of those means a loss of important components of culture 

and religion (Akhtar, 2001). 

Besides growing a few crops, people frequently collect wiid edible 

plants for food and other plants from natural habitats to meet their 

subsistence needs. Use of wild edible plants as a supplementary food 

resource holds promise. This aspect needs thorough investigation, so that 

economically important species are promoted for domestication. 

(Sundriyal et al., 2003). In addition to providing food directly, 

uncultivated plants provide an opportunity for cash generation (Harris 

and Mohammed, 2003). Many uncultivated plant resources have 

significant economic value derived from their collection and sale (Melnyk, 

1994). In particular, the hill people depend on a combination of forest 

products, livestock and agricultural products, and their livelihoods would 

not be sustainable without these resources (Manandhar, 1995, 2002). The 

value and potential of uncultivated foods in the food security and 

nutrition of rural people is also neglected in agricultural and 
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environmental programs (Gari, 2002; Ogle, 2001; Ogle et al. 2003). Also, 

detailed studies about their availability, status, and contribution in the 

livelihood support are few (Regmi et al., 2006; Shrestha et al., 2001; 

Shrestha and Dhillion, 2006). 

Vegetables are the edible parts of plant that are consumed wholly 

or in parts, raw or cooked as part of main dish or salad. A vegetable 

includes leaves, sterns, roots, flowers, seed, fruits, bulbs, tubers and fungi 

(Uzo, 1989; Uwaegbute, 1989). Vegetables are good sources of oil, 

carbohydrates, minerals and vitamins depending on the vegetable 

consumed (Ihekoronye and Ngoddy, 1985). Ononugbu, 2002, reported 

that vegetable fats and oil lower blood lipids thereby reducing the 

occurrence of disease associated with damage of coronary artery. Apart 

from the variety which they add to the menu (Mepha & Eboh, 2007; 

Subukola et al., 2007), they are valuable sources of nutrients especially in 

rural areas where they contribute substantially to protein, minerals, 

vitamins, fibers and other nutrients which are usually in short supply in 

daily diets (Mohammed and Sharif, 2011). Minerals cannot be synthesized 

by animals and must be provided from plants or mineral-rich water 

(Anjorin et al., 2010). 

Vegetables are important sources of protective foods, which are 

highly beneficial for the maintenance of good health and prevention of 

diseases (Sheela et al., 2004; Nnamani et al., 2007). Indigenous leafy 
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vegetables are vegetables of a locality which originated from an area and 

may or may not be confined' to that particular region (Guarino, 1997). 

They account for about 10% of the world higher plants often regarded as 

weeds. Some indigenous leafy vegetables grow in the wild and are 

readily available in the field as they do not require any formal cultivation. 

Many of them are resilient, adaptive, and tolerate adverse climatic 

conditions more than the exotic species (Raghuvanshi et al., 2001). 

Although they can be raised comparatively at lower management 

cost and on poor marginal soil, they have remained underutilized, due to 

lack of awareness of their nutritional values in favour of the exotic ones 

(Chweya and Eyzaguirre, 1999; Odhav et a/.,2007). Leafy vegetables are 

rich sources of carotene, ascorbic acid, riboflavin, folic acid and minerals 

like calcium, iron and phosphorous (Nnamani et al., 2007). George (2003) 

stated that even though the bulk of their weight is water, leafy vegetables 

represent a veritable natural pharmacy of minerals, vitamins and 

phytochernicals. The fiber content of vegetables contribute to the feeling 

of satisfaction and prevents constipation (Noonan et al., 1999), while the 

proteins in vegetables are superior to those found in fruits, although 

inferior to those found in grains and legumes (George, 2003). It is often 

difficult to determine the nutritional contribution of wild plant foods to 

total dietary intake because of the lack of compositional data (Faber et. al., 

2007). Carbohydrates, fats and proteins are sometime referred to as the 
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proximate principles and form the major portion of the diet while 

minerals play an important role in the regulation of metabolic activity in 

the body (Gopalan et.,al2004). 

The importance of antioxidant constituents of plant material has 

also been established in the maintenance of health by acting against stress 

related diseases such as, diabetes, cancer and coronary heart diseases 

(Idowu et al., 2006). Several epidemiological studies suggest that a high 

intake of foods rich in natural anti-oxidants increases the anti-oxidant 

capacity of plasma and reduces the risk of some cancers, heart diseases 

and strokes( Justesen and Knuthsen, 2001). These properties are attributed 

to a variety of constituents, including vitamins and numerous phyto

chemicals, mainly phenolic compounds such as flavanoids Gustesen and 

Knuthsen, 2001. Traditional rural diet used to include interesting amount 

of leafy vegetables (Heinrich et al., 2005). Several greens are claimed to 

have health- promoting or disease preventing property beyond the basic 

function of supplying nutrients (Pardo et al., 2005). Vegetables are known 

as excellent sources of natural antioxidants, and consumption of fresh 

plants in the diet may therefore contribute to daily antioxidant intake 

(Chu et al., 2002). 

Populations living in Mediterranean countries benefit from a 

longer life expectancy and a lower incidence rate of chronic diseases than 

Northern Europeans or North Americans (Simopoulos, 2001; Schroder, 
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2007). Migrant studies say the Mediterranean diet and lifestyle are behind 

these societal differences, rather than any genetic or racial factors Games 

et al., 1989; Darmon and Khlat, 2001; Trichopoulou, 2004). As a matter of 

fact, traditional Mediterranean diets are unquestionably healthier than 

North European and American diets: they include a significantly large 

amount and variety of plant foods (such as fruits, vegetables, wild leafy 

greens, breads, seeds, nuts and olive oil) and thus guarantee an adequate 

intake of carotenoids, vitamin C, tocopherols, a-linolenic acid, various 

important minerals, and several possibly beneficial non-nutrient 

substances such as polyphenols and anthocyanines (Visioli and Galli, 

2001). 

As a matter of fact, dietary diversity is a crucial element of a high 

quality diet Gohns, 2003). Not only does it guarantee an adequate intake 

of nutrients but also it increases their bioavailability (Kennedy et al., 2003). 

Recently, a 10-country study conducted by Hoddinott and Yohannes, 

(2002) using data from Ghana, Malawi, Mali, Kenya, India, the 

Philippines, Mozambique, Mexico, Bangladesh and Egypt, suggested that 

dietary diversity could also be a useful indicator of food security (defined 

as energy availability). Indeed, the results indicated that in each of these 

ten countries, there was a positive, significant association between 

household diet diversity and household calorie availability per capita. 
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However, the dietary intake pattern of people worldwide is 

changing from a traditional diet (i.e. one containing plant and animal 

foods harvested from the local environment) to one containing many 

manufactured, processed, and otherwise non-traditional foods (Kuhnlein 

and Receveur, 1996). The rapid urbanization might suggest a decrease in 

the consumption of wild edible plants and a break in the transmission of 

indigenous knowledge. The risks of the transition from a primarily 

traditional diet to one containing more market (i.e. store-bought) foods 

include an increase in the prevalence of chronic diseases and a decrease in 

the dietary intakes of some key micronutrients that are present (often in 

abundance) in wild edible plants (Whiting and MacKenzie, 1998). 

The people who eat wild edible plants do not usually mention 

them in nutritional surveys (Kabuye and Ngugi, 2001) but the use of these 

foods, which has evolved over the decades, has served to provide food 

and maintain general health among populations. In fact many of the food 

plants are used for nutrition and medicine (Kabuye and Ngugi, 2001). In 

Jordan, Tukan et al., (1998) showed different uses of common edible wild 

plants such as sumac (Rhus coriara), chicory (Cichorium pumilum Jacq.) and 

Spanish thistle (Centaurea iberica Trev. Ex. Sprengel.), wild lettuce (Lactuca 

tuberosa Jacq.), viper's grass (Scorzonera papposa DC.), goat's beard 

(Tragopogon coelesyriaca Boiss.) and gundelia (Gundelia tournefortii L.). 

Interestingly, over half of these plants were consumed raw without any 
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preliminary preparation other than cleaning and trimming. Many were 

also consumed as snacks thus providing important sources of nutrients as 

compared to some modem empty-calorie foods. Tukan et al., (1998) also 

highlighted the numerous ways of consuming such plants as part of 

salads, stews, spices or seasoning or even as hot drinks. The actual value 

of these wild edible plants in the diet of an individual is dependent on a 

variety of factors, for example frequency of consumption, method of 

preparation or cooking, freshness and amounts eaten (Shackleton, 2003). 

When drying leaves, they must not be exposed to the sun since some 

active compounds or nutrients may evaporate and this then means that 

they must be green in colour when dry (Bhat and Rubuluza, 2001). Many 

of the local vegetable materials are under-exploited because of inadequate 

scientific knowledge of their nutritional potentials (Florence et al., 2011) .. 

Marketing plays an important role in the socio-economic 

development of any area as it helps serve the people and the region 

(Berry, 1967; Sundriyal and Sundriyal, 2004 b). Local economic surveys of 

the biological resources cannot be completed without studying the plant 

and animal products sold in the local markets (Bennett, 1992; Wells and 

Brandon, 1992). A large variety of wild edibles, medicinal and ornamental 

plants, and various ethno biological utility items are often sold at a much 

smaller level, probably at the local level only, and very few items flow out 

of the region in most of the areas (Jana, 1997). Access to market places and 
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value of their goods, determined by availability, supply and demand 

(Martin, 1995). 

Promoting dark-green leafy vegetables may be difficult, as 

traditional food crops (e.g. green leafy vegetables) are often seen as the 

'poor person's food' (FAO, 1997). Many people are not aware of the 

nutritional value of such plants and many regard them as inferior (Steyn 

et al., 2001b). Lack of popularity and unavailability were given as possible 

reasons for the low consumption of indigenous vegetables (pumpkin 

leaves 3%; dried green cowpea leaves 3%) observed among college 

students in Limpopo Province (Mbhenyane et al., 2005). Campaigns 

promoting these vegetables should focus on the younger generation, as 

they have less knowledge regarding wild green leafy vegetables Modi et 

al., 2006). Diet surveys tend to ignore wild plants in comparison to 

cultivated ones (Etkin et al., 1994), and this is a methodological deficiency 

(Bonet and Valles, 2002). 

Genetic resources of many traditional vegetables are threatened by 

genetic erosion. This is mainly due to the (i) expansion of mechanized, 

intensive agriculture (ii) introduction of exotic vegetable species and 

improved varieties; (iii) loss and degradation of agricultural and forest 

land (e.g., caused by infrastructure development, soil erosion, and 

logging of forests to fulfill the demands of the growing population); (iv) 

over-exploiting of wild plants (e.g., for food, fuel, or fodder); and (v) poor 
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marketing opportunities for traditional vegetables (Manandhar, 1989). 

The value and potential of uncultivated foods in the food security and 

nutrition of rural people is also neglected in agricultural and 

environmental programs (Gari et al., 2002; Ogle 2001; Ogle et al., 2003). As 

such, the intake of traditionally consumed wild edible species is 

nowadays receiving renewed attention, due to the recognition of 

their potential benefit for human health. (Sa'nchez-Mata et al., 2012). 

Modi et al. (2006) stated that cultivated lands are more suitable for the 

growth and development of wild leafy vegetables, and the availability of 

wild leafy vegetables could therefore be enhanced by cultural practices 

associated with crop management. Liphadzi et al. (2006) argued that 

production of wild lecify vegetables in home gardens or availability 

thereof in local markets would be advantageous as these vegetables are 

relatively drought tolerant and grow on soils of limited fertility (Shiundu, 

2002). Crop production systems should aim to increase the use of under

exploited natural resources such as traditional food crops (FAO, 1997). As 

such, the cultivated plants with high chemical inputs such as chemical 

fertilizers, plant growth regulators, herbicides etc has lost their natural 

taste, appearance and nutritive values (Sekeroglu et al., 2006). 

Consumption of cooked and pureed green leafy vegetables was shown to 

have a beneficial effect on improving vitamin-A status (Takyi, 1999; 

Haskell et al., 2005). A South African study showed that home-gardens 
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that focused on dark-green leafy vegetables and yellow j orange fleshed 

vegetables improved children's vitamin A status (Faber et al., 2002 b). 

Cooking oil was added during preparation of both imifino and spinach for 

all the children who consumed dark green leafy vegetables during the 5 

days recall period. This will have a beneficial effect on improving vitamin 

A status because fat enhances carotenoid absorption (Jayarajan et al., 

1980). 

Himalayan regions are particularly rich in biodiversity due to 

varied geographical, physiographical, topographical, climatic and 

ecological zones within the region (Khoshoo, 1992). Higher Himalayas are 

going through the phase of transition due to increasing population 

pressure, tourism related activities while its rich herbal wealth is in huge 

market demand (Mciikhuri et al., 1998). Besides, harvesting crops after 

tough hustle in their small and terraced fields and still being paid with 

low productivity local inhabitants are frequent enough to collect these 

wild edibles for food and other plants from their natural habitats to meet 

their subsistence requirements. Use of wild edibles as a supplement in the 

delicious indigenous hill cuisine is therefore promising (Maikhuri et al., 

2001). 

In Sikkim Himalaya the natives consume nearly 190 such wild 

edible species (Sundriyal, 1999). Selection of a particular species for 

inclusion in the diet is location specific and influenced by the availability 
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of plant material. Nearly 47 species (fruits and vegetables) come to the 

market. (Sundriyal and Sundriyal, 2004 b). Among different plant parts, 

generally higher nutrient concentration was recorded for leaves, followed 

by new shoots and fruits. (Sundriyal and Sundriyal, 2004 a). 

During recent years there has been 'a growing interest to evaluate 

various wild edible plants for their nutritional value (Arora and Pandey 

1996; Bokhary et al., 1987; Bokhary and Parvez, 1993; Dhyani and Khali, 

1993; Ifon and Bassir, 1980; Maikhuri, 1991; Maikhuri et al., 1994; Sadhu, 

1990; Wesche-Ebeling et al., 1995). Nevertheless, a careful examination of 

the literature reveals that there are still a large number of wild edible 

species which are inexpensive and commonly used by locals and whose 

nutritional potential have not yet been adequately studied (Sundriyal and 

Sundriyal, 2001). It is suggested that a few wild edible species need to be 

grown for commercial cultivation and adopted in the traditional agro 

forestry systems, which will lead to reduced pressure on them in natural 

forest stands as well as producing economic benefits for poor farmers 

(Sundriyal et al., 2004). Most of the traditional leafy vegetables have a 

potential for income generation but fail to compete with exotic vegetables 

at present due to lack of awareness (Maikhuri, 2000; Jansen et al., 2004). 

These species are commonly called neglected or underutilized species. 

Numerous terms have been employed to characterize these less well

known species including minor crops, underutilized species, neglected 
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species or orphan crops, underexploited, underdeveloped species, 

abandoned, new, lost, underused, local, traditional, forgotten, alternative, 

niche and promising species (Padulosi et al., 2003). 

Sikkim (Fig. A) is the Himalayan state of India with an area of 7096 

sq. km and the altitude ranges from 300 m to 8500 m. The state comprises 

of four districts: North, East, South and West. In regards to Sikkim the 

total population is 6, 07,688 lakhs out of which 4, 55, 962 is rural 

population and 1, 51, 726 population is urban respectively (Census of 

India, 2011). It is populated by three major ethnic groups of people, the 

_ Nepali, the Bhutia and the Lepcha. The food survey shows that 11.7 % of 

people in Sikkim are vegetarian and 88.3% are non-vegetarians (Tamang, 

2007). 

The ethnic people of Sikkim consume roots, tubers, rhizomes, 

leaves and fruits of wild plants. (Rai et a!., 2005; Sundriyal and Sundriyal, 

2004a). Some of them sell the edible wild fruits, vegetables in nearby 

markets, which are in high demand among the local consumers. 

Taxonomical description, distribution and ethnical importance of 

wild edible plants have been well documented (Harra, 1966; Bennet, 1987; 

Sundriyal and Rai, 1996; Rai et al., 1998; Gurung, 2002; Sundriyal and 

Sundriyal 2004b): Traditional foods have important bearing in the dietary 

habits of the people of Sikkim (Tamang, 2005). However, information on 

the nutritional value, socio-economy and anti-oxidant property of the 
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wild leafy vegetables of Sikkim is meager, except the study conducted by 

Sundriyal and Sundriyal (2004 a,b), and Rai et al., (2005). The present 

thesis deals with the studies on some wild leafy vegetables of Sikkim with 

reference to ecological distribution and nutritional composition. 
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Objectives of the thesis were to: 

•!• To document common and less-familiar wild leafy vegetables 

consumed by different ethnic people of Sikkim. 

•!• To study ecological distribution and socio-economy of common wild 

leafy vegetables. 

•!• To determine nutritional composition such as moisture content, ash, 

protein, fat, carbohydrate, crude fiber, caloric content, vitamin c, beta -

carotene, anti-oxidants and minerals. 

•!• To examine microbiological safety of raw wild leafy vegetables. 

•!• To propose a model for domestication of wild leafy vegetables based 

on nutritive value. 
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Vegetables are important sources of protective foods, which are 

highly beneficial for the maintenance of good health and prevention of 

diseases (Sheele et al., 2004; Nnamani et al., 2007). They account for about 

10% of the world higher plants often regarded as weeds (Raghuvanshi et 

al., 2001). Although they can be raised comparatively at lower 

management cost and on ·poor marginal soil, they have remained 

underutilized, due to lack of awareness of their nutritional values in 

favour of the exotic ones (Chweya and Eyzaguirre, 1999; Odhav et 

a/.,2007). Campaigns promoting these vegetables should focus on the 

younger generation, as they have less knowledge regarding wild green 

leafy vegetables (Modi et al., 2006). Diet surveys tend to ignore wild 

plants in comparison to cultivated ones (Etkin and Rose, 1994), and this is 

a methodological deficiency (Bonet and Valles, 2002). There are still a 

large number of wild edible species which are inexpensive and commonly 

used by locals and whose nutritional potential have not yet been 

adequately studied (Sundriyal and Sundriyal, 2001). 

An extensive and updated review on some common and less 

familiar wild leafy vegetables of the world was prepared in this chapter 

. referring journals, reprints, books, monographs, reports, dissertation, etc. 

Table A, shows a compilation of some wild leafy vegetables of the world. 
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Table A: Wild leafy vegetables of the world 
Plants Family Country Recipe Reference 
Adansonia digi Malvaceae Sahalian Cooked Ezeagu et al. (2005). 
tata Linn. Region of 

Africa 
Alternanthera Amaranthaceae South East Cooked Anitha et al. (2012), 
sessilis (L.)R. Br Asia, India Borah et al. (2011) 
Amaranthus Amaranthaceae Nigeria, Cooked Mnkeni et al. (2007), 
viridis Linn. India, Olaiya et al. (2010) 

South Africa 

Bidens pilosa Asteraceae South Africa, Cooked BaJa (2006), 
Linn. West Africa, Ballard et al. (1986) 

India, 
North 
America 

Bn;onia dioica Cucurbitaceae Spain, Cooked Tardio (2010). 
Jacq. Portugal /Raw 
Cleo me Capperaceae East Africa, Cooked Muchuweti et al. (2007), 
g~;nandra Linn. India Narendhirakannan, et 

al. (2007) 
Enhydra Asteraceae India Cooked Sannigrahi, et al. (2011) 
fluctuans Lour. 
Houttuynia Sauraceae China, Cooked Meng et al. (2005 a), 
cordata Thunb. Japan, /Raw Tapan (2011) 

India 
Leptadenia Asclepiadaceae Ethiopia Cooked Thomas (2012) 
has tate (Pers.) 
Decne. 
Limnocharis Limnocharitace South East Cooked Saupi et al. (2009) 
Jlava(L). ae Asia, Malaysia 
Buchenau. 
Moringa oleifera Moringaceae Nigeria, Cooked Ferreira et al. (2008), 
Lam. Ghana 

De Silva (2010) 
Moringa Moringaceae Kenya, Cooked Demeulenaere (2001) 
stenopetala Ethiopia 
(Bak. F) 
Paederia foetida Rubiaceae Indonesia, Cooked Srianta et al. (2012), 
Linn. Malaysia Khare et al. (200?j 
Plantago major Plantaginaceae Europe Cooked Zubair et al. (2010) 
Linn. 
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Continued (Table A) 

Portulaca Portulacaceae Egypt, Cooked Simopoulos (2004), 
oleracea Italy, Sudhakar el al. (2010), 
Linn. India Mohammed eta/. (2011) 
Rumex Polygonaceae Egypt, Cooked Mohammed et al. 
vesicarius Turkey, (2006), 
Linn. Saudi Arabia, Rao et al. (2011) 

India 
Silybum Asteraceae Europe, Cooked Murphy, et al. (2000), 
marianum Egypt Gazak et al. (2004) 
(L.) Gaertn.) 
Solanum Solanaceae Nigeria, Cooked Fiillah et al. (2005), 
nigrum Linn. Kenya, Akubugwo et al. (2008), 

India Jainu et al. (2006) 
Sonchus Asteraceae Mediterranean, Cooked Leonti et al. (2006), 
asper (L.) Europe Gui!-Guerrero et al. 
Hill. (1998) 
Talinum Portulacaceae Nigeria Cooked Akachuku et al. (1995), 
triangulare N ya et al. (201 0) 
(Jacq.) 
Willd. 
Vernonia Asteraceae Sub Saharan, Cooked Owoeye et al. (2010), 
amygdalina Region, Yedjou et al. (2008), 
Del. Nigeria Ijeh et al. (1996) 
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Adansonia digitata L. 

Family: Malvaceae 

Adansonia digitata L. called the baobab tree in both English and 

French is very characteristic of the Sahelian region and belongs to the 

Malvaceae family. Adsonia digitata is well adopted deciduous tree 

native to the arid parts of central Africa and widely spread in savannah 

regions in Nigeria (Wickens, 1980; FA0,1988). Its leaves, bark and fruits 

are used as food and for medicinal purposes in many parts of Africa 

(Ezeagu, 2005). In Sahel, the leaf is a staple, the Hausas used to make 

miyan kuka, a soup prepared by boiling the leaf in salt water and reported 

to be rich source of Vitamin-C. During acute seasonal food supply 

fluctuations or famine period, the leaves and fruits of Adansonia digitata 

are of particular importance as supplementary and emergency food 

(Humphrey et al., 1993). 

It has multi-purpose uses and every part of the plant is reported 

to be useful (Igboeli et al., 1997; Gebauer et al., 2002). The leaves, for 

instance, are used in the preparation of soup. Seeds are used as a 

thickening agent in soups, but they can be fermented and used as a 

flavouring agent, or roasted and eaten as snacks (Addy and Eteshola, 

1984). The pulp is either sucked or made into a drink while the bark is 

used in making ropes (Igboeli et al., 1997). The different parts of the plant 

provide food, shelter, clothing and medicine as well as material for 
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hunting and fishing (Venter and Venter, 1996; Sidibe and Williams, 2002). 

Baobab tree provides income and employment to rural and urban 

households (Coulibaly et al., 1993). 

Previously published biochemical· analyses revealed that the 

leaves, the seeds and the pulp from baobab are rich in nutrients (Becker, 

1983; Glew et al., 1997; Diop et al., 2005; Nkafamiya et al., 2007; Chadare et 

al., 2009). Literature reviews on baobab provided information on the 

species taxonomy, distribution, utilization, agronomy, agro-ecology, 

phytochemistry and pharmacology (Sidibe and Williams, 2002; Diop et al., 

2005; De Caluwe et al., 2010). Gebauer et al. (2002) brought out 

information on baobab botany, ecology, origin, propagation, main uses, 

genetic improvement and especially its importance for nutrition and 

poverty alleviation (De Caluwe et al., 2010). It tolerates a wide range of 

vegetation types including scrub, wooded savannah hot, dry areas, and 

semiarid to sub-humid tropics south of the Sahara. It prefers arid areas 

and well-drained sandy sites between 450 and 600 m above sea level, with 

a rainfall of 300 to 500 mm per year (Palmer and Pitman, 1972). In the 

rainy season, wild gathered foods were used as much as fresh cultivated 

foods (Nordeide et al., 1996). The wild food resources were more 

frequently used in rural than in urban areas, with A. digitata as the 

dominating green leaves. Green leaves were rich in energy, protein and 

minerals (calcium, iron) (Nordeide et al., 1996). 
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Alternanthera sessilis (L.) R. Br 

Family: Amarantheceae 

Alternanthera sessilis is an aquatic plant known by several common 

names, including sessile joy weed and dwarf copperleaf It is an annual or 

perennial prostrate herb with several spreading branches, bearing short 

petioled simple leaves and small white flowers found throughout the 

hotter part of India ascending to an altitude of 1200 m (Wealth of India, 

Raw materials, 1985). Young shoots and leaves are eaten as a vegetable in 

Southeast Asia. Occasionally it is cultivated for food or for use in herbal 

medicines (Arollado and Osi, 2010). This species is classified as a weed 

in parts of the southern States of the USA. It is usually (but not always 

especially in areas of high humidity where it can even be a garden weed) 

found in wet or damp spots. Although it is a weed and pest, in Srilanka, 

this is eaten as vegetable to increase the flow of milk (Arollado and Osi, 

2010). In India, Alternanthera sessilis is commonly known as Gudari sang, 

Matsyaakshi, and is distributed in warmer parts of India. It is used as 

lactagogue, galactogogue, abortifacient and febrifuge. (Kritikar and Basu, 

2001). In Senegal and India, the leafy twigs are ground to a powder and 

applied on snakebites. The people of Nepal use its roots for the treatment 

of stomachache (Sreedevi and Chaturvedi, 1993). The plant consists of 

alpha and beta spinasterol (Rastogi, 1993), Lupeal, isolated from the roots 

(Gupta et al., 2004). The plant also contains Beta-sitosterol, stigmasterol 
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etc. (Sinha et al., 1984). In the indigenous system of medicine the herb has 

been reported to be used as galactogogue, cholagogue, and febrifuge and 

in indigestion problem (Anandkumar and Sachidanand, 2001). The leaves 

are used in eye diseases, cuts, wounds and antidote to snake bite; skin 

diseases (Gupta et al., 2004). Petroleum ether extract of plant was reported 

to yield nonacosane, 16-hentriacontane, .IS-sitosterol, stigmasterol and 

handianol (Reviews on Indian Medicinal Plants, 2004). 13-sitosterol and its 

glycoside in Alternanthera sessilis possess potent anti-inflammatoray and 

antipyretic activity (Nayak et al., 2010). Also A. sessilis is a potential 

source of natural antioxidant (Borah et al., 2011). Alternanthera sessilis 

possess potent anti-inflammatory and antipyretic activity (Nayak et al., 

2010). Also A. sessilis is a potential source of natural antioxidant. 

Antioxidant carotene is found in large amounts in Alternanthera sessilis, 

useful in night blindness (Borah et al., 2011). Antioxidant carotene is 

found in large amounts in Alternanthera sessilis, useful in night blindness. 

The antidiabetic activity of A. sessilis can be attributed to the presence 

triterpenoids, phytosterols and glycosides. (Rao et al., 2011). Ethanolic 

extract of Alternanthera sessilis produces significant memory enhancing 

activity when evaluated by elevated plus maze model. (Shreya et al., 

2011). Both aqueous and ethanolic extracts of aerial parts of Alternanthera 

sessilis Linn. possess significant nootropic potential in the view of its 

facilitatory effect on the retention of acquired learning and retention 
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(Surendra et al., 2011). The phytochemical studies on aqueous extracts of 

leaf showed positive result for phenols, flavonoids, tannins and saponins 

(Anitha and Kanimozhi, 2012). The petroleum benzene and ether extracts 

inhibit the growth of some human and plant pathogenic bacteria (Ragas a 

et al., 2002). Previous studies on this plant showed that it has 

hepatoprotective activity (Song-Chow et al., 2006). A. sessilis is also known 

to alleviate dementia (Bala and Manyam et al., 1999). The ethanol extract 

of A. sessilis showed 70% free radical scavenging activity (Acharya and 

Pokhrel, 2006). A. sessilis contains P-carotene (Chandrika, et al., 2006), a

spirasterol, uronic acid and P-sitosterol (Acharya and Pokhrel, 2006). 

Amaranthus virids Linn. 

Family: Amarantheceae 

Amaranthus virids commonly called Choulai in Hindi, has been used 

in Indian and Nepalese traditional system to reduce labor pain and act an 

antipyretic (Kirtikar and Basu, 1987). A. viridis considered as one of the 

fast growing annuals of weed is widespread throughout different habitat 

types in Egypt (Kosinova, 1975). It grows mainly on waste lands, along 

water coarses and as a weed in cultivated crops. It is known to flower all 

through the year and produce enormous amounts of pollen in the 

airspora. A. viridis as one of the major components of outdoor airspora 

(Syed et al., 2007). The plant possesses antiproliferative and antifungal 
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properties as well as ribosome inactivating protein, (3-carotene (Kaur et al., 

2006). The sheets and the young plant of Amarantus viridis are also used 

as fodder for cattle and like green manure (Ouedraogo et al., 2011). Other 

traditional uses range from an anti-inflammatory agent of the urinary 

tract, in venereal diseases, vermifuge, diuretic, antirheumatic, 

antidiabetic, antiulcer, analgesic, antiemetic, treatment of respiratory and 

eye problems and treatment of asthma (Agra et al., 2007, The Wealth of 

India, 1988) A. viridis is a common plant in certain parts of Asia especially 

Pakistan, where it is consumed as a leafy vegetable (Khan et al., 2011). A 

decoction of the entire plant is used to stop dysentery and inflammation 

(Duke and Ayensu, 1985). The plant is antidiabetic, antihyperlipidemic 

and antioxidant (Ashok et al., 2010). The plant is emollient and vermifuge 

(Chopra et al., 1986). The root juice is used to treat inflammation during 

urination and constipation (Manandhar, 2002). The Negritos of the 

Philippines apply the bruised leaves directly to eczema, psoriasis and 

rashes et. cetera (Quisumbing,1951). Amaranthus viridis has inhibitory or 

allelopathy activities. The phenomenon of allelopathy in Amaranthus 

viridis is reflected more in dry extracts compared to fresh plant extracts 

(Sultana et al., 2012). 
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Bidens pilosa Linn. 

Family: Asteraceae 

Bidens pilosa Linn. var. radiate Family, Asteraceae, known from 

java before 1835 but apparently not present in Kalimantan (Soerjani et al., 

1987). It is considered as a weed in some tropical habitats. However, in 

some parts of the world it is a source of food (Grubben and Denton, 2004) 

. The plant is an annual erect, branching herb, growing up to 1.5 m tall 

with quadrangular, minutely hairy stem. The leaves are opposite, 

toothed; simple and ovate or compound with three to five or even seven 

lanceolate leaflets (Morton, 1962). It is widely distributed in the sub 

tropical and tropical regions of the world (Deba et al., 2008). As a leafy 

vegetable the species is an excellent source of fiber and certain mineral 

elements (Odhav et al., 2007). The whole plant or its aerial parts is used in 

various folk medicines and as a popular ingredient in herbal tea for its 

anti-inflammatory, antiseptic, liver-protective, blood-pressure lowering, 

and hypoglycemic effects (Chih et al., 1996; Dirno et al., 2002; Ubillas et 

al.,2000; Suzigan et al., 2009). Although diverse bioactivities have been 

identified in B. pilosa, its antiviral activity has not attracted attention so 

far. B. pilosa has anti-HSV activity and is thus a potentially useful medical 

plant for treatment of HSV infection (Nakama et al., 2012). 

Phytochemically, the plant is rich m flavonoids, terpenes, 

phenylpropanoids, lipids, and benzenoids (Gupta, 1996; Abajo et al., 2004; 
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Sundararajan et al., 2006). The leaves of B. pilosa have been reported to 

contain appreciable amount of proteins, fat, fiber, carbohydrate and 

calorific value, mineral elements, polyphenols, and generally low level of 

toxicants (Odhav et al., 2007). Their antioxidant and antibacterial activities 

further lend credence to the biological value of this plant. Thus, it can be 

concluded that B. pilosa leaves can contribute significantly to the nutrient 

requirements of man and should be used as a source of nutrients to 

supplement other major sources. (Adedapo et al., 2011). 

Extensive research in the last few decades have shown that B. 

pilosa possessed anti-hyperglycemic (Ubillas et al., 2000; Hsu et al., 2009; 

anti-ulcerogenic (Tan et al., 2000), anti-inflammatory (Geissberger and 

Sequin 1991; Jager et al., 1996), Vasa-dilative, hypertensive (Dimo et al., 

1998, 2001), anti-malarial (Andrade-Neto et a1.,2004), anti-pyretic 

(Sunderarajan et al.,2006), anti-cancer and anti-tumour (Steenkamp and 

Gouws, 2006; Kviencinski et al., 2008), anti-oxidant (Abajo et al., 2004; 

Chiang et al., 2004; Yang et al., 2006) and anti-bacterial activities (Khan et 

al., 2001; Rojas et al., 2006) 

Bryonia dioica Jacq. 

Family: Cucurbitaceae 

Bryonia dioica Jacq. belongs to the family Cucurbitaceae. Young shoots of 

Bryonia dioica are richer sources of carotenoids than many of the 
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corninercially available leafy vegetables (Garda-Herrera et al., 2012). As 

in other parts of the world, wild vegetables have played an important 

nutritional role in the Iberian Peninsula (Tardio et al., 2005). The 

consumption of vegetables often include various wild greens traditionally 

collected throughout the countries (Spain and Portugal) and consumed in 

different ways as a part of the Mediterranean gastronomy (Tardio et al., 

2005). Young shoots Bryonia dioica have been known to have diuretic 

properties since ancient times, having been reported by Dioscorides in the 

first century (Font Quer, 1990). 

Medicinal uses of Bryonia have been recorded for over two 

millennia. Probably the earliest references are in texts attributed to 

Hippocrates, who lived around 460-380 BC. Other early mentions of 

Bryonie are in Dioscorides's De Materia Medica, written in about 65 BC, 

and Pliny's Historia Natura/is, complete in 77 BC (Beck, 2005). The reason 

Bryonia is mentioned in these and other Egyptian, Greek, Roman, 

Medieval, and Renaissance sources is that bryony extracts contain 

numerous cucurbitacins that are biologically active (Krauze-Baranowska 

and Ciskowski, 1995; Isaev, 2000; Sturm and Stuppner, 2000; Chen et al., 

2005). Young shoots, however, are eaten as an asparagus substitute 

(Pieroni, 2000). Today, there is a considerable market for Bryonia 

preparations, mostly for homeopathic medicine, although effectiveness 

remains contested (Paris et al., 2008). 
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Cleome gynandra Linn. 

Family: Capperaceae 

Cleome gr;nandra L. belongs to the family Capperaceae. It is an erect 

annual herb. Depending on the environment conditions it can grow up 1.5 

m tall. The edible leaves are gathered for use and some ethnic groups in 

Africa do cultivate the crop as vegetable in home gardens, or near 

homesteads. (Chewya and Mnzava, 1997). The species is thought to have 

originated in Tropical Africa and Southeast Asia, and to have spread to 

other tropical and sub-tropical countries in the Northern and Southern 

hemispheres (Kokwaro et al., 1976). It is found in Asia, Africa and 

America where it is regarded as weed (litis et al., 1960, 1967; Kuhn et al., 

1988). The plant's nutritional value may vary with soil fertility, 

environment, plant type, plant age and the production techniques used 

(Chweya, 1995). Investigations on the nutritional composition of Cleome 

gr;nandra L have been conducted by (Gomez, 1981; Chweya, 1985; 

Mwajumwa et al., 1991; Mnzava, 1990; Opole et al., 1995). Increased soil 

fertility has been reported to increase protein but . decreases Beta

carotene, ascorbic acid and iron of the leaves. Increased soil fertility has 

no effect on the phenolic compounds, or on the calcium and sodium 

content of the leaves (Chweya, 1995). 

Throughout Africa, the tender leaves and young shoots are and 

often the flowers as well, are eaten boiled as a pot herb, tasty relish, 
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stew or side dish. The leaves and shoots are gathered from wild or are 

cultivated (Chewya and Mnzava, 1997). In East Africa, fresh leaves are 

used as ingredients in other food mashed foods, and the dried leaves are 

ground'and incorporated in weaning foods (Mathenge, 1995). The leaves 

are rather bitter, and for this reason are cooked with other leafy 

vegetables such as Vigna, Amaranthus, Solanum nigrum etc. The vegetables 

are rich sources of nutrients, especially vitamins A and C and minerals 

such as calcium and iron (Arnold et al., 1985). Boiling of leaves may 

reduce up to 81% of vitamin C content while drying reduces the vitamin 

content by 95 % (Sreeramula et al., 1983; Mathooko and Imungi, 1994). In 

India it is eaten as potherb and flavouring in sauces and in Thailand it is 

consumed fermented in a product called Pak-sian-dong (FAO 1990). The 

vegetable is important as leafy vegetable in several countries of Africa. 

The indigenous knowledge possessed by rural women in Kenya indicates 

that it has several nutritional uses (Opole et al., 1995). The use of leaves in 

several indigenous medicine system in many countries have been 

reported by (Purseglove et al., 1943; Kokwaro et al., 1976; Baruah and 

Sharma 1984; Opole et al., 1995). The plant has been observed to have 

insecticidal, antifeedant, and repellent characteristics (Singh, 1983a; 

Malonza et al., 1992; Pipithsangchan, 1993). The presence of biologically 

active ingredients and vital trace elements in the leaves readily account 

for free radical scavenging property of C. gynandra (Narendhirakannan et 
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al., 2005). Leaf of Cleome gtjnandra consumed as leafy vegetable has anti

inflammatory and lysosomal stability actions (Narendhirakannan et al., 

2007), potent dose-dependent anticancer activity comparable to that of 5-

fluorouracil (Bala et al., 2010) and free radical scavenging activity 

(Muchuweti et al., 2007). It is also believed to improve eyesight and 

provide energy (van denHeever and Venter, 2007). 

Enhydra fluctuans Lour. 

Family: Compositae 

Enhydra fluctuans family, Composite is an edible semi aquatic 

herbaceous vegetable plant with serrate leaves grows all over India and is 

widely used in traditional system of Indian medicine (Sannigrahi, et al., 

2011). Dewanji et al., (1993) reported that the plants had high crude 

protein content throughout all harvesting seasons. Enhydra fluctuans had 

low ash content and was a good source of beta-carotene (Dewanji et al., 

1993). The leaves, which are slightly bitter, are used to treat inflammation, 

skin diseases, and small pox. The leaves are also antibilious and are used 

in nervous diseases (Rahman et al., 2002), and in torpidity of liver (Chopra 

et al., 2000). The plant possesses nutritional value and its methanol extract 

has been reported to have antidiarrheal activity (Uddin et al., 2005). 

Recently the free radical scavenging potential of crude extract and 

different fractions have been reported (Sannigrahi, et al., 2010a). Ethyl 
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acetate fraction of the plant exhibits anticancer activity against EAC cell in 

mice (Sannigrahi, et al., 2010b). The leaves of E. jluctuans have been 

reported to have hypotensive activity aoshi and Karnat, 1972; Dewanji et 

al., 1993). Sesquiterpene lactones (Ali et al., 1972), gibberellins (Ganguly, et 

al., 1972) and cholesterol derivatives, (Krishnaswarny and Prasanna, 1975) 

have been reported to be present in this plant. The aerial parts of the plant 

has been reported to possess significant anthelmintic activity and 

antimicrobial activity (Ghosh et al., 2007) Chemical constituents like -

carotene (Krishnaswarny et al., 1968), sesquiterpene lactones (Ali et al., 

1972), terpenes (Krishnaswamy et al., 1995) have been reported from this 

plant. Recently, the free radical scavenging potential of crude extract and 

different fractions have been reported (Sannigrahi et al., 2010a). Ethyl 

acetate fraction of the plant exhibits anticancer activity against EAC cell in 

mice (Sannigrahi et al., 2010b). Enhydra jluctuans aerial parts possess 

central nervous system depressant activity (Roy et al., 2011). 

Houttuynia cordata Thunb. 

Family: Sauraceae 

Houttuynia cordata Thunb. belongs to the family. The leaves and 

rhizome of this plant is used as vegetable, condiments and spices either 

cooked or raw (Singh, 2011). The leaves of Houttuynia cordata have been 

traditionally used as medicinal foods in East Asia (Shizuo, 2005). Similar 
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reports have been made from regions of the Eastern-Asia viz. Chinese, 

Japan and Himalaya and Vietnam of using the tender young shoots and 

leaves of H. cordata, either raw or cooked, as vegetable and leaves for 

flavouring salads or as a salad crop (Haywood, Flowering Plants of the 

World). Although there are reports of selling H. cordata in the market of 

some Asian countries they are sold as a creeping ornamental plant 

(Phillips and Rix, 1991). Plants from Japan were reported to have an 

orange scent, whilst those from China have a smell resembling coriander 

leaves (Bown, 1995). Houttuynia cordata is known as a medicinal plant in 

Japan and China (Meng et al., 2005a; 2005b). Its medicinal effects are 

antibacterial, Gong and Jean, 1993), anti cancer (Kim et al., 2001), anti

leukemic (Chang et al., 2001), and antioxidant (Chen et al., 2003). The 

leaves of H. cordata have antioxidative effects on biological damage such 

as protein fragmentation (Shizuo, 2005). H. cordata known as Jamyr-doh in 

Khasi. The whole plant eaten raw. Leaf juice is taken for cholera, 

dysentery, curing of blood deficiency and purification of blood 

(Hynniewta and Kumar, 2008). Tender young shoots and leaves ·are eaten 

raw or cooked as a pot-herb (Chopra et al.( 1986). A decoction of this plant 

is used internally in the treatment of many ailments including cancer, 

coughs, dysentery, enteritis and fever (Chopra et al., 1986). Externally, it is 

used in the treatment of snake bites and skin disorders. The leaves and 
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stems are harvested during the growing season and used fresh in 

decoctions. The leaf juice is antidote and astringent (Chopra et al., 1986). 

Leptadenia hastata (Pers.) Decne. 

Family: Asclepiadaceae 

Leptadenia hastate (Pers.) Decne. belonging to the family 

Asclepiadaceae is widely used as vegetable in tropical Africa (Burkil, 

1985). The majority of wild edible plants are gathered and consumed from 

Duka (March) to Halet (May) and from Meko (August) to Tejo (November). 

The vegetables are chopped and boiled to make Belesha (sauce) or as a 

relish to Adano (porridge) (Tilahun and Mirutse, 2010). Although, 

Leptadenia hastate were reported to be available in the rural market of 

Ethiopia (Balemie and Kibebew, 2006; Addis, 2009), research on market 

chain analysis and economic value of this plant has not yet been 

addressed (Ermais et al., 2011). L. hastate is traditionally used in the 

management of diabetes mellitus and in the treatment of wounds and 

stomach ache (Bello et al., 2011). The plant is medicinally important in the 

treatment of many ailments (Kerharo and Adams, 1974; Burkil, 1985; 

Oliver, 1986; Aliero et al., 2001). The antibacterial and anti microbial 

effects of Leptadenia hastata have been reported by Aliero and Wara, (2009) 

and result of its toxicity studies showed. that the plant is safe to use 

(Tambuoro et al., 2005). 
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Limnocharis flava L . Buchenau 

Family: Limnocharitaceae 

Limnocharis flava L. Buchenau. Family, Lirnnocharitaceae is 

considered as an aquatic weed in paddy fields and also blocking the 

water ways that fed waters for irrigation. Despite of being of undesirable 

value to the agriculture, the floral clusters and its young leaves are locally 

used as raw and cooked vegetables (Saupi et al., 2009). About 100 species 

of the 225 vegetables in South East Asia are weeds or wild plants 

(Grubben et al., 1994). People use available natural resources as sources of 

food to improve their socio economy (Tawan et al., 2007). Limnocharis flava 

commonly known as yellow velvet leaf, is locally called paku rawan or 

jinjir in Malaysia (van den Bergh, 1994; Halimatul, 2003; Samy et al., 2005; 

"--
Muta et al., 2005). It is an emergent plant in rice cultivated areas that may 

become noxious by overgrowing the areas (Mashoor, 1988; Karim et al., 

2004). In West Java and Thailand, it is cultivated in fertile soil and 

harvested after 2-3 months before being marketed (van den Bergh, 1994; 

Maisuthisakul et al., 2008). Young shoot including leaves, petioles and 

flower clusters (un-opened inflorescence) are collected, consumed either 

raw or cooked (Edwards, 1980). The edible parts of L.flava provide good 

sources of minerals such as potassium, calcium, magnesium and copper 

(Saupi et al., 2009). 
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Moringa oleifera Lam. 

Family: Moringaceae 

Moringa oleifera Lam. tree has probably been one of the most 

underutilized tropical crops. Leaves of M. oleifera could serve as a 

valuable source of nutrient for all age group (Oduro et al., 2008). In 

Senegal and Haiti, health workers have been treating malnutrition in 

small children, pregnant and nursing women with Moringa leaf powder 

(Price, 1985). The leaves are known as great source of vitamins and 

minerals being served raw, cooked or dried (Oduro et al., 2008). FugUe 

(2005), reported that 8 g serving of dried leaf powder will satisfy a 

child within age 1-3 with 14% of protein, 40% of calcium, 23 % of iron 

and nearly all the vitamin A that a child needs in a day. Moringa leaves 

have not received needed research-based attention in Ghana in the midst 

of its well known nutritional properties (Oduro et al., 2008). A diet 

including Moringa oleifera should be more palatable than that with the 

sweet potato leaves because dietary fats function to increase food 

palatability by absorbing and retaining flavours (Lindsay, 1996). Moringa 

oleifera leaves are good source of protein when compared to other 

vegetables such as pumpkin leaves , okra leaves (FAO, 2006b). Crude 

fiber content of Moringa oleifera is quite high and this make it more 

favorable vegetable since high fiber content of foods help in digestion 

and prevention of colon cancer (Saldanha et a/.,1995). Moringa oleifera has 
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exceptionally high nutritional value and this positions it high in the table 

of Healthy Edible Plants and Vegetables. The leaves nutritionally prevent 

malnourishment in children and have the capacity to boost the immune 

system (Oduro et al., 2008). Moringa oleifera leaf powder prevents 

malnutrition in developing countries that usually appear in children 

during the weaning period, between 1 and 3 years old (Oduro et al., 

2008). Broin, (2006) reported that 30 g of lea£ powder can cover one third 

of the daily allowance for proteins, 75% of the calcium needs and more 

than half of iron necessary for children under than three years in age. In 

addition, it provides the totality of the recommended dietary allowance 

for vitamin A and nearly one third of the needs in vitamin C. The leaf 

powder also is a fascinating dietary supplement for pregnant and 

lactating women to increase milk production and expel intestinal worms. 

Mosquin, (2008) reported that the leaves can be used to complement 

modern medicines in chronically ill people including those suffering from 

AIDS and HIV related illnesses. Moringa oleifera leaves treat different 

ailments such as anemia, abnormal blood pressure, blood impurities, 

headaches, hysteria, anxiety, cholera and diarrhea, eye and ear infections, 

fever, respiratory disorders and asthma, bronchitis, catarrh_ chest 

congestion, cough, tuberculosis and inflammation of mucous membranes 

(Fahey, 2005). The leaves are also used to treat hepatitis, impotency, 

infertility and low sperm count, in addition to treating glandular 
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swelling, sprain, joints pain, pimples and psoriasis. The plant is rich in 

compounds containing the sugar, rhamnose, also rich in a unique group 

of compounds called glucosinolates and isothiocyanates (Fahey, 2005). In 

relation to antinutritional factors, the leaves have a small proportion of 

tannins (12 g/kg dry matter); saponin content (5.0% as diosgenin 

equivalent), phytate (21 g/kg) and lack of trypsin and amylase inhibitors, 

lectins, cyanogenic glucosides and glucosinolates (Makkar and Becker, 

1997). Moringa oleifera leaves have nine essential amino acids that 

comprise the sulphur containing amino acids methionine and cystine 

(Makkar and Becker, 1997; Sena et al., 1998) higher than levels 

recommended by the Food and Agriculture Organization (Ferreira et al., 

2008; WHO, 1985) with patterns similar to those of soybean seeds. Its 

beta-carotene content is 3 to 5 times more than in carrots. Beta carotene is 

extremely beneficial in healing and bone development, control of 

cholesterol and anti-cancer protection. The leaves are exceptionally 

reliable source of minerals. Its iron content is richer than lentils and beef 

meat. The iron is three times higher than the level found in spinach. The 

potassium content is also three times more than in bananas; also richer in 

calcium than milk. Lockett et al. (2000) reported that in North Eastern 

Nigeria Moringa oleifera serves as a good source of protein, fat and an 

excellent source of calcium and iron or copper and zinc. In addition, it has 

a high level of pro-vitamin A and C; at least as rich as carrots in vitamin 
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A. Vitamin A is the most prominent vitamin essential for immune 

protection against all infections. The vitamin C in the leaves is 6 to 7 times 

more than the amount of vitamin C in orange juice. The vitamin E is 10 

times more than the daily recommendation of vitamin E. It also has high 

levels of vitamins B (Vitamin B1, B2 and B3) among many other medicinal 

benefits. The most notable feature is the sustainability of the vitamins 

with cooked leaves (Ferreira et al., 2008; De Silva et al., 2010). 

Moringa stenopetala (Bak. f.) 

Family: Moringaceae 

Moringa stenopetala belonging to the family Moraginaceae is 

endemic to East Africa, reported in Uganda and Sudan. The species is 

mainly present in North Kenya and leaves of M. stenopetala are an 

important ingredient in daily dish called dama. The leaves are called mida 

(Demeulenaere, 2001). M. stenopetala tree is recognized nutritious food 

source in East Africa (Yisehak et al., 2010). Although the nutrient 

composition of M. stenopetala leaves in most cases is lower compared to 

kale and swiss chard, they can be a good source of nutrients in dry season 

potentially when other vegetables are scarce (Abuye et al., 2003). 

However, the presence of small amount of cyanogenic glucosides in M. 

stenopetala leaves may have a health risk in areas of high incidence of 

endemic goiter as an exacerbating factor if consumed more for a long 
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period of time (Abuye et al., 2003). Moringa stenopetala is commonly used 

in folk medicine as antimalarial, antihypertensive, against stomach pain, 

antidiabetic, antcholesterol, antispasmodic, and to expel retained placenta 

during birth (Mekonnen, et al., 1999). The active constituent in Moringa 

stenopetala is glucosinolate, phenol carboxylic acids and fatty acids 

including oleic acid, palmitic acid, stearic acid eicosanic acid and 

lignoceric acid (Kalogo et al., 2000). 

Paederia foetida Linn. 

Family: Rubiaceae 

_ Paederia foetida Linn. belongs to family, Rubiaceae. The plant is fast 

growing and shows a wide range of adaptability to different light, soil 

and salt conditions (Puff, 1991 a,b). It is able to establish and grow above 

the frost line, though some leaves may turn yellow-red or drop following 

a freeze. Occurs most commonly in West Central Florida (Wunderlin et 

al., 1996), a principal and common weed in Hawaii, Brazil and a serious 

weed in New Guinea (Holm et al., 1979). In India P. foetida is of medicinal 

value. It is usually found in the Himalayas. It is also reported to be used 

in gout, vesicle calculi, diarrhea, dysentery, pile, inflammation of liver 

and emetic (Blatter and Caius, 1981; Indian Meteria Medica, 2002). Leafy 

vegetable of wild (Paederia foetida and Erechtitis hieracifolia) are 

traditionally consumed in Indonesia as documented in PROSEA and 
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Thumbuhan Berguna, Indonesia (Heyne, 1987; Siemonsma and Piluek, 

1994). It is also used as a remedial plant for diarrhea and dysentery in 

Bangladesh (Ghani, 1998) and to inhibit intestinal motility (Afroz et al., 

2006). Iridiod glycosides, paederolone, paederone, and paederenine are 

the phytochemicals identified in this plant (Ghani, 1998). Wong and Tan, 

(1994) reported number of steroids and terpenoids in the volatile oils of 

the leaves, stems and flower of P. foetida. P. foetida has been reported to 

be a potential dietary source of fiber, Sodium; Calcium, Potassium iron 

and vitamin-C. The leafy vegetable is a potential antioxidant source 

(Srianta et al., 2012). The major classes of chemical constituent present in 

this plant are iridoid glycosides, sitosterol, stigmasterol, alkaloids, 

carbohydrates, protein, amino acids and volatile oil (Blatter and Caius, 

1981; Khare, 2007). 

Plantago major L. 

Family : Plantaginaceae 

Plantago major L. belongs to family, Plantaginaceae. The name 

comes from Latin planta, meaning, sole of the foot, which refers to the broad 

leaves in the basal rossete, often touching the ground (Pilger, 1937). It is a 

temperate-zone plant with extreme ranges to the north and south, almost 

from pole to pole although very rare in lowland tropics. In its wild form it 

grows from sea level to 3500m altitude (Sagar and Harper, 1960). The 

43 



species grows best in moist areas such as river beds, seepage areas on 

hillsides, drains, places subjected to water runoff from buildings along 

roadsides and coastal areas (Webb et al., 1988). Plantago major originated 

in Eurasia but is now naturalized almost throughout the world. Research 

on pollen has shown that this species was introduced to Nordic 

countries 4000 years ago aonsson, 1983). It is known to have been present 

in England in 1672 and is found in Canada since 1821. The Indians 

named it white man's foot (Samuelsen, 2000). There is an increasing 

interest in phytochemicals of Plantago major because of its potential use in 

functional food products and medicine. It has numerous phytochemicals 

in its leaves, shoots and roots, which apparently have medicinal 

properties and also can be used as taxonomic markers (Samuelsen, 2000). 

Flavones are the main flavonoids in P. major (Nishibe et al., 1995). The 

concentration of verbascoside is higher in seeds and flowering stalks of P. 

major, whereas the concentration of plantamajoside is higher in leaves 

(Zubair et al., 2008b). The antiviral activity of Plantago major is derived 

mainly from its phenolic compounds (Chiang et al., 2002). Plantamajoside 

is the major known phenolic compound in Plantago major. Well 

documented biological effects of this compound include anti

inflammatory activity (Murai et al., 1996); free radical scavenging and 

some anti-bacterial activity ( Ravn and Brimer, 1988). 
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Plantago major has been used for different purposes in folk 

medicine all over the world. Plantago major has been reported to have 

anti-inflammatory, analgesic, antioxidant, immuno-modulating, anti

ulcerogenic, antihypertensive (Samuelsen, 2000; Nyunt et al., 2007). It is 

also reported to be anti-leukemic, anti-carcinogenic, antiviral, (Chiang et 

al., 2003), anticandidal (Holetz et al., 2002), anti-nociceptive (Atta and El

Sooud, 2004) and reduction of immunodepressive effects of anticancer 

drugs (Shepeleva and Nezhenskaya, 2008). Tea made from green leaves of 

Plantago major has antioxidant properties but the antioxidant capacity is 

higher in fresh green leaves (Campos and Lissi, 1995). 

Portulaca oleracea L. 

Family: Portulacaceae 

Portulaca oleraceae L. commonly called purslane, belongs to the 

family portulacaceae. The name Portulaca is thought to be derived from 

the Latin Porto to carry and Lac meaning milk, since the plant contains a 

milky juice (Boulos and El-Hadidi, 1984). Portulaca oleracea is a nutritious 

vegetable for human consumption and it was mentioned in Egyptian texts 

from the time of Pharohs (Mohammed and Hussein, 1994). Purslane is 

eaten raw as salad and also is eaten cooked as a sauce in soups or as 

green. It has a slightly sour and salty taste and is eaten throughout much 

of Europe, the middle east, Asia, and Mexico (Byrne and Andrews; 1975). 

45 



Purslane is a common weed in turf grass areas as well as in field crops 

(Uddin et al., 2009). 

The use of this plant as a vegetable, spice and medicinal plant has 

been known since the times of the ancient Egyptians and was popular in 

England during the Middle Ages (Lanska, 1992), why it has fallen into 

obscurity is quite strange. Purslane in ancient times was looked upon as 

one of the anti-magic herbs, and strewn around a bed was said to afford 

protection against evil spirits (Grieve et al., 1998). It was supposed to 

protect from evil spirits and if carried was supposed to attract love and 

luck. It was carried by soldiers to protect themselves in battle. If laid on 

the bed, it was believed to protect that person from having nightmares. 

(Lavender and Franklin, 1996). It is under the dominion of the moon 

(Leyel, 1987) and is supposed to work on the psychic senses and taken 

regularly helps develop clairvoyant faculties (Lavender and Franklin, 

1996). Purslane is currently considered very interesting from a food point 

of view (van Wyk, 2005), so much that it is included in the list of World 

Economic Plants (Wiersema and Leon, 1999). The National Institute of 

Rural Sociology comprises Portulaca oleracea within the category of 

regional herbs of the Emilia Romagna Region (Picchi and Pieroni, 2005) . 

Purslane provides a rich plant source of nutritional benefits (Sudhakar et 

al., 2010). It is one of the richest green plant sources of omega-3 fatty 

acids and a-linolenic acid (Simopoulos and Salem, 1986). In areas where 
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this weed is eaten, there is low incidence of cancer and heart disease, 

possibly due to purslane's naturally occurring omega-3 fatty acids 

(Simopoulos, 1991). It has been used as an antiseptic, anti-diurectic, 

vermifuge in oral ulcer and urinary disorders. Recent researches show 

that it eXhibits a wide range of biological effects, including skeletal muscle 

relaxant effect (Parry et al., 1993), analgesic and anti-inflammatory effects 

(Chan et al., 2000), antifungal activity (Oh et al., 2000) and anti-fertility 

effect (Verma et al., 1982). Also it has shown other beneficial effects such 

as anti-diabetic (Gong et al., 2009) and wound healing properties (Rasheed 

et al., 2003). In addition, purslane may have a protective effect against 

oxidative stress caused by vitamin A deficiency (Arruda et al., 2004). 

Purslane has potential as an animal feed, in aquaculture 

(Simopoulos et al., 1995). It contains numerous common nutrients, 

including: vitamins {A, B
1
, B

2
, C niacinamide, nicotinic acid, a-

tocopherol, p-carotene, et. cetera); minerals (especially potassium); fatty 

acids, especially omega-3 acids whose concentration in purslane is the 

highest (Leung and Foster, 1996). Other constituents include mucilage 

composed of an acidic and a neutral fraction with structure determined, 

calcium oxalate, malic and citric acids, dopamine and dopa, coumarins, 

flavonoids, alkaloids, saponins, and urea among others used (Leung and 

Foster, 1996). It also contains vitamin A, C and E as well as dietary 

minerals such as calcium, potassium, magnesium and iron, pigments, 
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bitacyanins with potent anti-oxidants property (Ezekwe et al., 1999). The 

plant has been examined for its anti-inflammatory, analgesic and 

antifungal activities both in vitro and in vivo studies (Rasheed and Dislam, 

2019). The mixture of phytochernicals present in many of these plants 

contributes to their protective and health effects (Chu et al., 2002). The 

water extracts of P. oleracea showed no cytotoxic or genotoxic effects, and 

has been certified safe for daily consumption as a vegetable (Yen et al., 

2001). Recent research has shown that P. oleracea is a rich source of omega-

3 fatty acids, which is important in preventing heart attack and 

strengthening the immune system (Simopoulos, 2004). 

Rumex vesicarius L. 

Family: Polygonaceae 

Rumex vesicarius L. family Polygonaceae is a wild edible plant 

used as a sorrel, collected in spring time and eaten fresh, or cooked. 

Rumex the ancient Latin name for the doeks or sorrels, vesicarius, vesica, a 

bladder; from the inflated pods following the flowers on these herbs (Rao, 

2011). This leafy wild plant is common in different parts of the world 

(Tukan et al., 1998). The fresh leaves may also be added to meat during 

cooking or as a soup ingredient (Tukan et al., 1998). Green leafy 

vegetables are, in general, good sources of vitamins, minerals, and fibers 

(FAO, 1988). The chemical composition of the Rumex vesicarius leaves 

48 



indicate that they are good sources . of minerals, a moderate source of 

protein and ascorbic acid, and that they are high in oxalic acid and low in 

tocopherol and lipids. There is a need to reduce the oxalic acid 

(Mohammed, 2006). The species has been reported to have many 

important medicinal uses such as treatment of tumors, hepatic diseases, 

bad digestion, constipation, calcules, heart troubles, pains, diseases of the 

spleen, hiccough, flatulence, asthma, bronchitis, dyspepsia, piles, scabies, 

leucoderma, toothache and nausea. The plant is also used as antioxidant, 

cooling, laxative, stomachic, tonic, analgesic, appetizer, diuretic, 

astringent, purgative, antispasmodic, aphrodisiac and antibacterial 

agents. The roasted seeds were eaten for the cure of dysentery. The plant 

can also be used to reduce biliary disorders and control cholesterol levels. 

The medicinal importance of this plant is a reflection to its chemical 

composition since this plant contains many bioactive substances such as 

flavonoids, anthraquinones particularly in roots quinones, carotenoids, 

vitamins (especially vitamin C), proteins, lipids, carbohydrates, reducing 

sugars, phenols, tannins, saponins, triterepenoids and organic acids. This 

plant is also a good source of minerals, such as; K, Na, Ca, Mg, Fe, Mn, Cu 

(Mostafa et al., 2011; Prasad and Ramakrishnan, 2012 a,b,c). The bioactive 

phytochemicals found in Rumex vesicarius (such as polyphenols, 

flavonoids, carotenoids, tocopherols and ascorbic acid) have a role as 

antioxidant and detoxifying agents (Rao, 2003; Matkowski, 2008). Several 
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C-glycosides, Flavonoids and Anthraquinones are known to be 

constituents of this plant. The folklore claims that the plant is a potent 

diuretic, astringent, carminative, stomachic and tonic (Madhavashetty et 

al., 2008; Nardkarnis et al., 2002; Pullaiah, 1997). Anti-bacterial and 

Antioxidant activities of Rumex vesicarius was reported reported by 

Mostafa (2011). 

Silybum marianum (L.) Gaertn. 

Family: Asteraceae 

Silybum marianum (L.) Gaertn. Milk Thistle has been used 

medicinally in Europe since the first century. It was also mentioned in the 

writings of Dioscorides, Jacobus Theodorus and Culpepper (Luper, 1998). 

Silybum marianum is a wild growing annually herb that is abundantly 

found in the Nile region (Delta) and Fayium region near water streams 

(Hassan et al., 2003). Its leaves, flowers and roots have historically been 

considered a vegetable in European diets, and its fruits, which resemble 

seeds, have been roasted for use as a coffee substitute. The leaves of the 

plant are eaten in fresh salads and as a spinach substitute, the stalks eaten 

like asparagus (Murphy et al., 2000). The dried seeds contain 1-4% 

silymarin flavonoids (Schulz et al., 1997). Silymarin is a mixture of at least 

three flavonolignans, including silybin, silidianin, and silychristin. It is 

the primary active ingredient in milk thistle (Schulz et al., 1997). Milk 
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thistle is used as an antidote for Amanita mushroom poisoning and to 

protect the liver and kidneys from toxic medications (Flora et al., 1998). 

The German Commission recommends it for the treatment of dyspeptic 

complaints, toxin-induced liver damage, and hepatic cirrhosis and as a 

supportive therapy for chronic inflammatory liver conditions (Blumenthal 

M, 1998). In addition, milk thistle contains apigenin, silybonol, myristic, 

oleic, palmitic and stearic aci_ds and betaine hydrochloride, which may 

have a hepatoprotective effect (Varma, 1980). The extracts of the flowers 

and leaves of Silybum marianum have been used for centuries to treat liver, 

spleen and gallbladder disorders (Rainone, 2005). The plant and its 

extracts are reported to possess hepatoprotective, antioxidant (Morazzoni 

and Bombardelli, 1995), anticancer (Zi X et al., 1997) and antidiabetic 

(Maghrani et al., 2004). It contains flavonolignan silymarin, which is an 

important bioactive principle having anticancer, anti-inflammatory, 

antioxidant, and immunomodulatory effects (Katiyar, 2005). Methanolic 

extract of leaf and leaf callus of Silybum marianum possesses a potent anti

inflammatory activity (Balian et al., 2006). One of the important issues 

about plant S. marianum is that it may be accepted as a safe herbal 

product, since no health hazards or side effects are known in conjunction 

with the proper administration of designed therapeutic dosages (Med. 

Economic Company, 2000). Recently oxidized derivatives of silybin (the 
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major component forming 70-80% of silymarin) and their antiradical and 

antioxidant activity was studied by Gazak et al. (2004). 

Solanum nigrum L. 

Family: Solanaceae 

Solanum nigrum belonging to the family Solanaceae, commonly 

named Black Morelle is an annual herbaceous plant of 10 to 60 em tall, 

with green, smooth and semi climbing stem. The leaves are eaten as 

vegetables in Congo (Dhellot et al., 2006). It is a common species in arable 

lands, near rivers and old walls, grows everywhere in Africa and America 

(Edmonds and Chewya, 1997). Solanum nigrum is a popular leafy 

vegetable .in Kissi district of South west Kenya. This vegetable is 

nutritious and rich in beta-carotene, minerals such as iron and calcium 

and protein, especially methionine, an essential amino acid, (Onyango, 

1993; Chweya, et al., 1992). The vegetable is also high yielding compared 

to other indigenous vegetables (Onyango, et al., 1993; Murage, et al., 1990). 

The leaves and berries are used as vegetable in soup, Yam and coco 

yam porridges and as spinach in some parts of Nigeria particularly 

among the Igbo and Efik-Ibibio people of Southeastern Nigeria. Besides 

being used for human consumption, the leaves serves as fodder and 

browse for domestic herbivorous animals. In India S. nigrum mixed with 

other herbal medicines have hepato-protective effects in cirrhotic patients. 
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These protective effects can be attributed to the diuretic, ant

inflammatory, anti-oxidative and immuno-modulating properties of the 

component herbs (Fallah, et al., 2005). It also protects against hepatitis - B 

virus infection (De silva, et al., 2003; Galitskii, et al., 1997; Kalab and 

Krecher, 1997). The extract of its fruits have anti- tumor and neuro

pharmacological properties and it can be used as an antioxidant and 

cancer chemo-preventive matter (Son, et al., 2003; Perez, et al., 1998). S. 

nigrum possess various compounds that are responsible for diverse 

activities. The major active components are glycoalkaloids, glycoproteins, 

and polysaccharides. It also contains polyphenolic compounds such as 

gallic acid, catechin, protocatechuic acid, caffeic acid, rutin and 

neringenin (Sikdar and Dutta, 2008). 

Sonchus asper (L.) Hill 

Family: Asteraceae 

Sonchus asper (L.) Hill commonly called spiny sow thistle belongs 

to the family Asteraceae. A native of Europe but is now a cosmopolitan 

weed is an annual plant with spiny leaves and yellow flowers resembling 

those of dandelion. The plant can reach a height up to 6ft. (Wagner et al., 

1999). The plant is a common weed in North American roadsides, 

landscapes and pastures. Its edible leaves make a palatable and nutritious 

leafy vegetable. It is believed that Sonchus asper could be used for 
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nutritional purposes, due to the high concentrations of nutrients that they 

contain. (Guil-Guerrero et al., 1998). Sonchus asper is eaten cooked and raw 

in salads in Africa, Madagascar (Grubben and Denton, 2004) and in the 

Mediterranean (Leonti et al., 2006). S. asper prefers well drained, slightly 

acid to alkaline soils, but are tolerant of saline soils (Lewin et al., 1948; 

Hutchinson et al., 1984). Their range in Canada suggests a broad tolerance 

to climatic variation (Hutchinson et al., 1984). Occurs from 750-2550 m in 

altitude (Grubben and Denton, 2004). Its roots, stem, leaves, juice, latex or 

whole plant has also been used to treat a vast variety of conditions, 

ailments and diseases. These include treatment of wounds, boils, asthma, 

bronchitis, gastrointestinal infections, malaria, venereal disease and many 

more (Khan and Yadava, 2010). The latex has also been used to treat warts 

(Grubben and Denton, 2004). Chemical analysis of S. asper has confirmed 

that it contains large quantities of phenolic compounds, flavonoids, 

ascorbic acid, carotenoids and a variety of other antioxidants. S. asper 

extract protects rats from renal damage associated with CC14 Khan and 

Yadava, 2010). The extract of S. asper is applied to wounds and boils. The 

leaves and roots of the plant are used in indigestion and as a febrifuge, 

while its roots act as a vermifuge. Its stems are given as a tonic and 

sedative (Ambasta, 1986). Sonchus asper is apparently restricted to coastal 

areas north of 64°N in Norway (Lid and Lid, 1998) and is only very rarely 

encountered in northern Scandinavia (Lewin et al., 1948). Sonchus asper is a 

54 



colonizer of waste places, disturbed sites, roadsides, and cultivated areas 

(Hutchinson et al., 1984; Di Tomaso and Healy 2007). In undisturbed 

areas, it will have no impact (Hutchinson et al., 1984). Sonchus asper is a 

host for several nematode and aphid species and supports several major 

plant viruses (Hutchinson et al., 1984). The plant is edible and may be 

grazed by herbivores (Lewin et al., 1948). Because Sonchus asper is insect 

pollinated, its presence could alter plant-pollinator interactions. The 

leaves have prickly, spiny margins (DiTomaso and Healy 2007). Sonchus 

asper is able to compete with native species but only in disturbed areas 

(Hutchinson et al., 1984). Sonchus asper does not form thickets, nor does it 

climb or smother surrounding vegetation (DiTomaso and Healy, 2007). 

Sonchus asper is a common annual weed in agricultural fields in Canada 

(Hutchinson et al., 1984) and Europe (Lewin, 1948). Historically, it has 

been grown as a potherb in Europe aiJ.d as a food source for edible snails 

(Lewin et al., 1948). 

Chemical studies of Sunchus asper, indicated a high content of 

vitamin-C (Afolayan and Jimoh, 2008) , carotenoids, and type Ul-3 fatty 

acids (Guil-Guerrero et al., 1998; El-Zalabani et al., 1999). Phenolic 

compounds, which are secondary metabolites in plants, are one of the 

most widely occurring groups of phytochemicals that exhibit a wide 

range of physiological properties, such as antioxidant, anti-allergenic, 

anti-microbial, anti-artherogenic, anti-thrombotic, anti-inflammatory, 
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. vasodilatory, and cardioprotective effects (Middleton et al., 2000). 

Chemical characterization of Sonchus asper methanolic extract (SAME) has 

shown the presence of ionone derivatives of giycosides and sesquiterpene 

lactone glycosides (Helal et al., 2000). These bioactive compounds have 

been shown to possess strong antioxidant and anti-inflammatory 

properties (Alpinar et al., 2009). Sonchus asper methanolic extract has 

diuretic, refrigerant, sedative, and antiseptic properties that are used in 

the treatment of cough, bronchitis, and asthma (Koche et al., 2008) as well 

as kidney inflammation (Zabihullah et al., 2006), and its decoction is used 

in the treatment of impotence (Kareru et al., 2007). Sonchus asper is used 

in various human disorder including wounds and bums (Rehman, 2006; 

Qureshi et al., 2009; Hussain et al., 2008), cough, bronchitis and asthma 

(Ahmad et al., 2006; Koche et al., 2008), gastrointestinal infection, 

inflammation, diabetes and cardiac dysfunction (Sabeen and Ahmad, 

2009), kidney and liver disorders (Zabihullah et al., 2006; Rivera, and 

Oben, 1993), reproductive disorder like impotence (erectile dysfunction) 

in humans (Kareru et al., 2007), jaundice aan et al., 2009) and cancer 

(Sammon, 1997; Thol11Son and Shaw, 2002). S. asper contains flavonoids 

(Giner et al., 1993; Manez et al., 1994), glycosides (Shimizu et al., 1989) 

ascorbic acid and carotenoids, possess antioxidant, anticancer; anti

inflammatory properties (Guil-Guerrero et al., 1998). 
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Talinum triangulare Gacq.) Willd. 

Family: Portulacaceae 

Talinum triangulare belongs to the family Portulacaceae. It is a 

herbaceous, perennial, caulescent and glabrous plant, widely grown in 

tropical regions as leaf vegetable (Ezekwe et al., 2001). Talinum triangular 

is a non conventional vegetable crop which is originated from Tropical 

Africa and is widely grown in West Africa, America and Asia 

(Schippers et al., 2000). It is consumed as a vegetable and a constituent of 

sauce or a softener of other vegetable species in vegetable soups (Aja, et 

al., 2010). The leaves contain an appreciable amount of bioactive 

compounds such as flavonoids, alkaloids, saponins tannins. Medically the 

presence of these phytochemicals explains the use of this vegetable in 

ethno medicine for the management of various ailments (Aja et al., 2010). 

Nutritionally, Talinum triagulare leaf has been shown to posses the 

essential nutrients like Beta-carotene, minerals such as (calcium, 

potassium, and magnesium), pectin protein and vitamins (Ezekwa et al., 

2001). The plant has also been implicated medically in the management of 

cardiovascular diseases like stroke, obesity, etc. (Adewunmi and 

Sofowara, 1980). Water leaf a11 a vegetable has some inherent 

characteristics which makes it attractive to small holder farmers and 

consumers. Firstly, it is short duration crop, which is due for harvest 

between 35 to 45 days after planting (Rice et al., 1986). Secondly it is used 
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as a softener when cooking fibrous vegetables such as Gnetum africanum, 

Heinsia crinata and Telferia occidentalis. It also has some medicinal use in 

humans and act as green forage for rabbit feed management (Ekpenyong, 

1986). In addition, it also provides a complimentary source of income to 

small scale farming households (Udoh, 2005). Most research on water leaf 

production Ikwa !born state, Nigeria have focused on resource utilization 

( Udoh, 2005; Umoh, 2006; Udoh and Etim,2008). The anti-oxidant and 

hepato-protective activities of polysaccharides from T. triangulare are were 

reported by Liang et al., 2011. The leaves of T. triangulare have 

hepatoprotective activity (Adefolaju, et al., 2009). 

Vernonia amygdalina Del. 

Family: Asteraceae 

Vernonia amygdalina, Del. Belonging to family, Asteraceae has a 

rough bark with dense black straits, and elliptic leaves that are about 6 

mm in length. The leaves are green and have a characteristic odour and 

bitter taste (Singha et al., 1966). It is variously known as bitter leaf 

(English), oriwo (Edo), ewuro (Yoruba), shikawa (Hausa), and olubu 

(Igbo), is a tropical shrub, (Igile et al, 1995). The species is indigenous to 

tropical Africa and is found wild or cultivated all over sub- Saharan 

Africa (Bosch et al, 2005). The leaves are eaten, after crushing and washing 

thoroughly to remove the bitterness (Mayhew and Penny, 1998). Vernonia 
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amygdalina plant commonly found around homes in Southern Nigeria as a 

green vegetable or spice especially in the popular bitter-leaf soup (Igile et 

al., 1995) also widely used for both therapeutic and nutritional purposes. 

Vernonia amygdalina grows under a range of ecological zones in Africa 

being drought tolerant and produces large fodder biomass for both 

human and animal nutrition (Bonsi et al., 1995; Aregheore, 1998; Daodu 

and Babayemi, 2009). 

Oboh and Enobhayisobo, (2009) reported that fresh green Vernonia 

amygdalina contain moisture, 83.0% (dry matter, 17.02%), protein, 1.30% 

and ash 0.50%. Mineral content has been reported to be, phosphorus, 

61.55 )lg g-1; selenium, 8.2x10-3)lg g-1 ; iron, 4.71)lg g-1 and zinc, 1.13)lg 

g-1, based on fresh weight of leaves. Both the roots and leaves are used in 

phyto-medicine to treat fever, hiccups, kidney disease and stomach 

discomfort, among others (Gill, 1992; Hamowia and Saffaf, 1994). Anti

helmitic and anti-malarial properties (Abosi and Raserika, 2003) as well as 

anti-tumourigenic properties (Izevbigie et al, 2004), have also been 

reported for extracts from the plant. Other studies have demonstrated 

hypoglycemic and hypolipidaemic effects of the leaf extract in 

experimental animals (Akah and Okafor, 1992; Nwanjo, 2005). V 

amygdalina Del. has been shown to contains Significant quantities of lipids 

(Ejoh et al., 2007; Eleyinmi et al., 2008), proteins with high essential amino 

acid score (Igile et al., 1994; Udensi et al., 2002; Ejoh et al., 2007; Eleyinmi et 
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al., 2008) that compare favorably with values reported for Telfairia 

occidentalis and Talinum triangulare (Ijeh et al., 1996), carbohydrates (Ejoh et 

al., 2007) and fiber (Udensi et al., 2002; Ejoh et al., 2007). The plant has also 

been shown to contain appreciable quantities of ascorbic acid and 

caroteinoids (Udensi et al., 2002; Ejoh et al., 2007). Calcium, iron, 

potassium, phosphorous, manganese, copper and cobalt have also been 

found in significant quantities in Vernonia amygdalina (Bonsi et al., 1995; 

Ejoh et al., 2007; Eleyinmi et al., 2008). 

In many parts of West Africa, the plant has been domesticated 

(Igile et al., 1994). It is known as Grawa in Amharic, Ewuro in Yoruba, 

Etidot in Ibibio, Onugbu in Igbo, In;una in Tiv, Oriwo in Edo and Chusar

doki'in Hausa (Egedigwe, 2010). Vernonia amygdalina is drought tolerant 

(though it grows better in a humid environment). It thrives on a range of 

ecological zones and is used as a hedge plant in some communities (Bonsi 

et al., 1995). Vernonia amygdalina used as a fence post and pot-herb in the 

home and villages is one of the most widely consumed leafy vegetables in 

most countries in West and Central African being an excellent source of 

vitamin C and total carotenoid (Ejoh et al., 2005). Ejoh et al. (2005) 

reported a vitamin C value and total carotenoid level of 197.5 and 30.0 mg 

10Q-1 g, respectively for bitter leaf. Besides it is used as an indigenous 

vegetable in human nutrition, the plant has also acquired significant 

relevance in human medicine having been proven to possess potent 
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antimalarial and anti-helmintic properties as well as anti-tumorigenic 

properties (lzevbigie, 2003) laxative and fertility inducers in infertile 

women (Igile et al., 1995). Its therapeutic constituent (quinine) cures 

malaria cleans the liver and lymphatic system and lungs for smokers. It 

could also be given to patients suffering from hyperglycemia (excessive 

sugar) as in diabetes mellitus and diabetes insipidus (Akah and Okafor, 

1992). Furthermore, the leaves used as local medicine against leech that 

transmits bilharziose. The leaves used as vegetable stimulate the digestive 

system, as well as reduce fever. The tops of the shrub have some trado

medicinal value, also used instead of hops to make beer in Nigeria 

(Nwachukwu et al., 2010). The broad macerated green leaves used as 

vegetables and condiments especially in cooking soup. Arhoghro et al. 

(2009) posit that the water extract serves as tonic for the prevention of 

certain illnesses. In addition, the aqueous leaf extract exhibited 

hepatoprotective activity due to its antioxidant property attributable to its 

flavonoid content, as a result of the sesquiterpene lactone present in the 

leaves (Arhoghro et al., 2009). The broad greenish leaves contain natural 

quinine with a bitter taste due to anti-nutritional factors such as alkaloids, 

saponins, tannin and glycoside also sesquiterpene lactone and flavonoids 

(Akah and Okafor, 1992). Ohigashi et al. (1991) and Jisaka et al. (1992) 

reported the isolation of extremely bitter steroid glycoside and 

Vernonioside A from the leaves of V. amygdalina. Washing of the young 
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leaves often preferred for human consumption get rid of the bitter taste. 

Bitter leaf also contains saponins, sesquiterpene lactone, steroid 

glycosides, alkaloids, tannins and flavonoids (Akah and Okafor, 1992). 

Young leaves should be properly cooked in order to remove anti-nutrient 

effects before consumption. The local processing method of squeeze

washing raw or boiling helps to remove the bitter taste and foam. Washed 

bitter leaf can be preserved by freezing or drying, however, processing 

results in loss of some nutrients and anti nutritional factors (Ejoh et al., 

2003; Bender et al., 1966). 
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MATERIALS 

AND 

METH.ODS 



MATERIALS 

(1). Chemicals and reagents for estimation of nutritional composition 

(AOAC 1990) . 

. Sulphuric acid 1.25% 

Sodium hydroxide solution 1.25% 

Ethanol 25m! 

Potassium sulphate 0.1 g 

Copper sulphate 0.9 g 

Cone. sulphuric acid 25m! 

Aqueous Na2S 4% 

Sodium hydroxide solution 40% 

Sulphuric acid 0.1N 

Methyl red indicator (!007, HiMedia). About 5 drops 

Sodium hydroxide solution 

Petroleum ether 

Distilled water 

0.1N 

1ltr 

10 ltr 

(2). Chemicals and reagents for estimation of mineral using Flame 

Photometer (Rangana, 1986). 

Potassium Chloride 

Sodium Chloride 
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1.908 g 

2.542g 



Calcium Carbonate 

Distilled water 

H0(20 %) 

HO (100 %) 

HCl (1%) 

Calcium standard solution: 

2.247 g 

3ltr 

Sml 

lOml 

lOOm! 

2.247 g AR grade of CaC03 dissolved in distilled water. 

Approximately 10 ml of concentrated HCL added to effect 

complete solution of CaC03. Diluted to I litre with distilled 

water (1000 pp Ca). 10 ml of this solution diluted to 100 ml ( 

lOOppmCa). 

Potassium standard solution: 

1.908 g of AR grade KCL dissolved in distilled water and 

diluted it up to I litre ( 1000 ppm K). 

Sodium standard solution: 

2.542 g NaO Ar grade in 1 litre distilled water (1000 ppm 

Na). 

(3). Chemicals and reagents for estimation of mineral following Tri

acid digestion method. 

Nitric acid 9ml 
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Perchloric acid 

Sulphuric acid 

Double distilled water 

4ml 

lml 

lOOm! 

Diethylene Triamine Penta Acetic Acid (0.005M) 1.967 g 

Calcium chloride O.OlM 1.47g 

Tri ethanol amine (TEA) O.lM 13.1 mi 

Double distilled water 1000 mi 

Zinc sulphate 0.439 g 

Magnesium sulphate 10.141 g 

Ammonium ferrous sulphate 0.702 

Copper sulphate 0.392 g 

Conc.H2S04 5ml 

Neutral N NH40Ac solution 40ppm 

Extracting Solution: 

For preparation of 1 litre of Diethylene Triamine Penta 

Acetic Acid (DTPA) extraction solution, 13.1ml reagent 

grade triethanolamine, 1.967 g DTPA ( AR grade) and 

1.47 g of Cach were dissolved in 100 mi of distilled water. 

The DTP A was allowed to dissolve for some time and 

diluted to approximately 900 mi. pH adjusted to 7.3 ± 0.5 

with 1:1 HCl and diluted to I litre. 
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Zinc standard solution: 

0.439 g AR grade of ZnS04. 7H20 dissolved in 200 ml of 

distilled water in a beaker. It was then transferred to a litre 

volumetric flask and volume made up to the mark. 10 ml of 

this standard solution (100ppm Zn) was transferred to a 

Volumetric flask and diluted to the mark with DTPA 

extracting solution to have a stock solution of 10ppm Zn. 

Iron standard solution: 

0.702 g of AR grade ammonium ferrous sulphate dissolved 

in 300 ml distilled water in a beaker. 5 ml of concentrated 

H2S04. It was then transferred to a litre measuring flask and 

volume made up to the mark (100ppm Fe). 

Magnesium standard solution: 

10.141 g MgS04. 7H20 dissolved in 200 ml distilled water 

and volume made to 1 litre (1000 ppm Mg). 10 ml of this 

solution diluted to 100 ml (100 ppm Mg). 

Copper standard solution: 

0.392g CuS04.SH20 AR grade dissolved in 400ml distilled 

water in a beaker. It was transferred to a litre volumetric 

flask and the volume made up to the mark with distilled 

water (100 ppm Cu). 
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(4). Chemicals and reagents for estimation of vitamin-C (Direct 

colorimetric method) 

Metaphosphoric acid 

2, 6-dichlorophenol-indophenol 

Sodium bicarbonate 

Ascorbic acid 

Distilled water 

2% 

100mg 

84g 

100mg 

1000m1 

(5). Chemicals and reagents for antioxidant assay (Macwaan and 

Patel, 2010) and total phenol content estimation (Slinkard and 

Singleton, 1977). 

(DPPH) 1, 1-diphenyl-2-picryl hydrazyl (Cat.: D9132, Sigma) 

Vitamin C (Ascorbic acid) (61809405001730, Merck) 

Folin-Ciocalteu's phenol reagent (10900105001730,Merck) 

Sodium carbonate (61784490511730, Merck) 

Potassium persulphate (RM7412-500G, HiMedia) 

Gallic acid (RM233-500G, HiMedia) 

Methanol (M0120, Ranbaxy) 
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(6). Media for analysis of occurrence of pathogenic bacteria 

Bacillus cereus Agar Base (M833, HiMedia) 

Baird Parker Agar Base (M043, HiMedia) 

Egg Yolk Emulsion (FD045, HiMedia) 

Egg Yolk Tellurite Emulsion (FD046, HiMedia) 

Listeria Identification Agar Base (M 1064, HiMedia) 

Listeria Selective Supplement (FD 061, HiMedia) 

Salmonella-Shigella Agar (M108, HiMedia) 

Violet Red Bile Glucose Agar w I o Lactose (M581, HiMedia) 
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METHODOLOGY 

Field surveys were conducted in different regions of Sikkim 

covering all the four districts viz. North, South, West and East. The 

following villages and markets of Sikkim were surveyed for collection of 

information and samples. North district (Mangan, Kabi, Phensong, 

Phodong, Lachung and Chungthang); East district (Pangthang, Bhusuk, 

Rongli, Rhenock, Singtam, Aho, Pakyong, Assam Lingey, 6th mile Tadong, 

Lingding, Rawtey, Rumtek, 9th mile, Sang, Central Pendam, Gangtok, and 

Ranipool); South district (Namchi, Temi Tarku, Lingey Payoon, Ben, 

Rabong, Jorethang, Melli and Bermiok); West district (Pelling, Geylzing, 

Soreng, Reshi and Tashiding). 

Based on personal observation and interviews with the key 

informants, village elders, farmers, vegetable vendors, consumers, 

vegetable middle man Kharitey, 26 species of wild leafy vegetables from 

the Sikkim Himalaya were documented, out of which, 5 less familiar and 

common wild leafy vegetable species, were prioritized for detail 

assessment. Prioritization was done, using a set of criteria, considered to 

be the main drivers of consumption and their availability in wild. These 

criteria are (a) taste, (b) frequency of occurrence, (c) ethnic consumer, (d) 

edibility acceptance, (e) medicinal value, (f) quantity used, (g) market 

demand, (h) supply volume, (i) supply source, 0) availability season and 

intensity and (k) preference by younger generation. 
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Survey was conducted in randomly selected 280 households in 

different villages located in all four districts of Sikkim. North (40 

households), West (70 households), South (70 households) and East (100 

households), representing the major ethnic communities, namely the 

Nepalese, Bhutias and Lepchas. Information was collected on ecological 

distribution, traditional knowledge, foraging, and mode of consumption, 

culinary and socio economy of wild leafy vegetables using questionnaire, 

semi-structured interviews, participant field collection and direct 

observation . Semi-structured interviews, participant field collection and 

direct observation were followed to record data on the details of WLVs 

local names, uses, availability season, collection, preparation and trade. 

Ethnobotanical information about leafy vegetables was gathered through 

personal observations and discussions with the villagers. Freelisting 

interviews with randomly selected informants were conducted. Freelists 

give information on salience, perception, classification and ranking of 

objects within a cultural domain in question, here WLVs. Ecological 

distribution of common and less familiar wild leafy vegetables, consumed 

by the ethnic people of Sikkim, were documented based on and both the 

primary and secondary data sources. The data were further enriched by 

minute details collected through scheduled field visits. Method described 

by Modi et al. (2006) was followed with some modification to collate data 

collection on wild leafy vegetables. 
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Collection of samples 

The study was carried out in different villages and local periodical 

markets; locally called haats, through semi structured interviews, free 

listing and direct observation with, 120 Nepali, 90 Bhutia, 70 Lepcha 

individuals. Plant sample specimens were collected, photographed, and 

voucher specimens prepared for the herbarium and identified with the 

help of local taxonomists from Sikkim Government College, Tadong, 

Botanical survey of India, Gangtok and Sikkim University. Nomenclature 

follows Flora of Bhutan and local check list. 

A total of 20 samples each of prioritized wild leafy vegetable 

species were collected from different natural habitats in different villages 

of Sikkim. Similarly, 6 market-samples each, of prioritized WLV species 

were collected from both rural and urban vegetables markets and 

periodical haats located in the 4 districts of. Sikkim. The collected plant 

materials were placed in a polyethylene bag to prevent loss of moisture 

during transportation to the laboratory. The leafy parts of these 

vegetables were washed, cut and shade dried at room temperature. The 

dried leaves were pulverized, packed in airtight sterile bottles, labeled 

and stored in a dessicator until used. 
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Nutritional value 

Moisture 

Moisture content of the WLVs was determined by drying 2.0-3.0 g 

of well-mixed sample at 135 ± 1° C for 2 hour to constant weight (AOAC, 

1990). 

Ash 

A sample (-2 g) was weighed into a previously dried and weighed 

porcelain crucible and placed in a muffle furnace, preheated to 550° C for 

3 h. The crucible was transferred directly to desiccators, allowed to cool to 

room temperature and weighed immediately (AOAC, 1990). The process 

of heating for 30 min, cooling and weighing was repeated until the 

difference between two successive weighing was s; 1 mg. 

Fat 

Fat content of the sample was determined by ether extraction using 

glass soxhlet (AOAC, 1990). Flat-bottomed flask was oven dried and kept 

in desiccators for cooling. The weight (W1) of the round-bottomed flask 

was taken. A cellulose thimble (dry and fat free) was taken and in which 

- 2 g of sample was placed and put in the soxhlet. Fat was extracted by 

using petroleum ether with boiling range 40-60° C, on a heating mantle at 
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60° C for 5 hour. The flat bottomed flask was dried for 1 h at 100° C to 

evaporate ether and moisture, cooled in desiccator and weighed (W2). 

Fat was calculated in percentage: 

Fat(%)= W2-Wt/Sample weight x 100 

Crude fiber 

Crude fiber was estimated by acid-base digestion with 1.25% 

H2S04 (prepared by diluting 7.2 rnl of 94% cone. Acid of specific gravity 

1.835g/rnl per 1000 rnl distilled water) and 1.25% NaOH (12.5 g per 1000 

rnl distilled water) solutions. The residue after crude lipid extraction was 

put into a 600 rnl beaker and 200 rnl of boiling 1.25% H2S04 added. The 

contents were boiled for 30 minutes, cooled, filtered through a filter paper 

and the residue was washed three times with 50 rnl aliquots of boiling 

water. The washed residue was returned to the original beaker and 

further digested by boiling in 200 rnl of 1.25% NAOH for 30 min. The 

digest was filtered to obtain the residue. This was washed three times 

with 50 rnl aliquots of boiling water and finally with 25 rnl ethanol. The 

washed residue was dried in an oven at 130 °C to constant weight and 

cooled in a dessicator. The residue was scraped into a pre-weighed 

porcelain crucible, weighed, ashed at 5500C for two hours, cooled in a 

dessicator and re-weighed. Crude fiber content was expressed as 
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percentage loss in weight on ignition (AOAC, 1990, Nesamvuni et al., 

2001). 

Protein 

Total nitrogen of the sample was determined following the 

method described in AOAC (1990). Approximately 1 g of sample was 

taken in a digestion flask, 0.7 g catalyst (CuS04: l<2S04, 1:9) and 25 ml of 

concentrated H2S04 were added to it. The flask was heated gently until 

frothing ceased, boiled briskly until the solution became clear and then 

continued the boiling for about 1 h. The solution was transferred 

quantitatively to a round-bottomed flask, and mixed with approximately 

100 m1 of distilled water and 25 m14% wfv aqueous N~ to precipitate 

mercury. A pinch of zinc granules to prevent bumping and a layer of 40 % 

w/v NaOH were added carefully. The flask was immediately connected 

to a distillation apparatus and the tip of the condenser was immersed in 

sl<!ndard 0.1 N H2S04 containing about 5 drops of methyl red indicator 

(1007, HiMedia). The flask was rotated to mix the contents thoroughly and 

heated until all the ammonia had distilled. The receiver was removed and 

the tip of the condenser was washed with distilled water. The remaining 

acid in the receiver was titrated with standard 0.1 N NaOH solutions. The 

blank determination on reagents was considered for correction. Nitrogen 

was calculated in percentage. 
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Total nitrogen(%)= 

I 

[(ml of standard acid x N of standard acid) - (ml of 

standard NaOH - C.F.) x N of standard NaOH] x 

1.4007 /weight of sample (g). · 

Correction factor (C.F.) = 

(titre of standard NaOH against blank - ml of 

standard acid). 

Protein content was determined by multiplying total nitrogen value with 

6.25 (AOAC, 1990). Protein(%)= Total Nitrogen(%) 

X 6.25 

Carbohydrate 

The carbohydrate content of the samples was calculated by 

difference: 100- (% protein+ % fat+ % ash) (Standal, 1963). 

Food Value 

Food value of each batter sample was determined by multiplying 

the protein, fat and carbohydrate contents by the factors 4, 9 and 4, 

respectively, and adding all the multiplication values to get kcal per 100 g 

(Indrayan et al., 2005). 
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Minerals 

The method of AOAC (1990) for determination of mineral was 

followed. The ash after heating the sample at 550° C for 3 h was dissolved 

in 5 ml of 20 % HCL The solution was evaporated to dryness on a hot 

plate at a temperature of 100-110° c and in an oven at 110° c for 1 h. The 

minerals in the dried residue were dissolved in about 10 ml of 100 % HO 

and the solution was heated on a hot plate at a temperature of 100-110° C 

for 3-4 times. The solution was made up to 100 ml with 1 % HCI. Calcium, 

sodium and potassium were estimated in flame-photometer Thermo 

Scientific Chemito (Cat. no. ER15-941-20) at 623, 589 and 766 nm, 

respectively following the method of Ranganna (1986). 

For analysis of magnesium, zinc, copper and iron, Triacid 

digestion method (Prasad and Bisht, 2011) was followed with 

modification. It was carried out using HND3: H004: H2S04 in the ratio 

9:4:1. The collected leaves were dried in an oven at 60-70° c for 2-4 h. The 

dried leaf samples for each plant material were ground separately in 

Willey's mill. One gram of ground sample of each plant material was 

digested in 15 ml of tri-acid mixture. The volume was made up to 100 ml 

by adding DDW to obtain the solution ready for determination of mineral 

elements through Atomic Absorption Spectroscopy (AAS) (AA, Perkin

Elmer AAnalyst 200). Standard solution of each element was prepared 
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and calibration curves were drawn for each element using AAS (Indrayan 

et al., 2005). 

Vitamin-C (Ascorbic Acid) 

Vitamin-C was estimated following direct colorimetric determination 

( Rangana,l986) with some modifications. The direct colorimetric method 

is based on measurement of the extent to which a 2,6-dichlorophenol

indophenol solution is decolorized by ascorbic acid in sample extracts 

and in standard ascorbic acid solutions (Loeffler and Panting, 1942). Since 

interfering substances reduce the dye slowly, rapid determination would 

be measuring mainly the ascorbic acid. 

1. 2% Metaphosphoric acid in glass distilled water. 

2. Dye solution: 100 mg of 2,6-dichlorophenol-indophenol and 84 mg 

of sodium bicarbonate were dissolved in hot (85-95° C) distilled 

water. 

3. Standard ascorbic acid solution: 100 mg of ascorbic acid was 

accurately weighed and volume made up to lOOm! with 2% HPD3. 

4 mi of this solution was diluted to lOOm! with 2% HP03 (lml = 

40J.lg of ascorbic acid). 

4. Preparation of sample: lOg of sample was accurately weighed and 

blended with 2% HPOJ and volume made up to lOOm! with HPD3. 

The solution was filtered 
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5. Assay of extract: 2-10 mi aliquot of extract of HP03 of the sample 

was titrated with standard dye to pink end point which persisted 

for about 15 sec. The titration was done rapidly and a preliminary 

determination of the titre was made. In the next determination 

most of the dye required was added and titrated accurately. 

6. To the dry cuvettes, the requisite volume of standard ascorbic acid 

solution - 1, 2, 2.5, 3, 4 and 5 mi was pipette out and the volume 

made up to 5 mi with requisite amount of 2% HP03. With the help 

of a rapid delivery pipette, 10 mi of dye was added and shaken. 

The reading was taken within 15-20 seconds. The instrument was 

set to 100 % transmission using blank consisting of 5 mi of 2% 

HP03 solution and 10 mi of water. The red colour was measured at 

518 nm. The absorbance against concentration was plotted. 

7. Sample: 5 mi of the extract were placed in a cuvette and 10 mi of 

dye was added and measured as in standard. 

8. Calculation: The concentration of ascorbic acid was noted from the 

standard curve and the ascorbic acid content in the samples was 

calculated with the following formula. 

AA mg /100g = Ascorbic acid content x Volume made up to 

x 100 /ml of solution taken for estimation x 1000 x wt or 

volume of sample taken 
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Extract Preparation 

The edible parts of leafy vegetables were washed in running water. 

The leaves were chopped into small pieces and shade dried in room 

temperature. The dried materials were ground to a coarse powder and 

extracted (20 g) successively with 200 ml methanol in a glass soxhlet 

extractor at 1300C for 24-48 h. The extract was concentrated by using 

rotary evaporator. The extract was preserved in a dessicator till further 

use. 

Total Phenolic Content 

Total soluble phenolic compounds present in extracts were 

determined with the Folin-Ciocalteu reagent (Slinkard and Singleton, 

1977) with modification. Calibration curve was prepared by mixing 

methanolic solution of gallic acid 1 ml, (10-100Jig/ml) with 1ml Folin

Ciocalteu reagent, (diluted tenfold) and sodium carbonate (2%). The 

absorbance was measured at 760 nm using Lamda 25 UV Vis 

Spectrophotometer (Perkin Elmer/L 600-00 BB) and drew the calibration 

curve. 1 ml Methanol extract of the sample (100Jig/ml) was also mixed 

with the reagents above and after 2 hrs the absorbance was measured to 

determine total plant phenolic contents. The total content of phenolic 

compounds in the extract of gallic acid equivalents (GAE) was calculated 

by the following formula: T= C.V jM 
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Where, 

T= total content of phenolic compound, milligram per gram plant 

extract, in GAE. 

C= the concentration of gallic acid established from the calibration 

curve, milligram per milliliter. 

V= the volume of extract, milliliter. 

M= the weight of methanolic plant extract, gram. 

Antioxidant activity 

The antioxidant activity was analyzed by estimating free radical 

scavenging activity followingDPPH method of Macwaan and Patel (2010) 

with modifications. 

0.1mM solution of DPPH (1, 1-diphenyl-2-picrylhydrazyl), in 

methanol was prepared and 1.0 mi of this solution was added to 3.0 mi of 

extract solution in methanol at different concentration (10-100 !lg/ml). 

Thirty minutes later the absorbance was measured at 517 nm using 

Lamda 25 UV Vis Spectrophotometer (Perkin Elmer/L 600-00 BB). A· 

blank was prepared without adding extract. Ascorbic acid at various 

concentrations (10-100 !lg/ml) was used as standard. Lower absorbance 

of the reaction mixture indicates higher free radical scavenging activity. 

The capability to scavenge the DPPH radical was calculated using the 

following equation. 
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DPPH scavenged (%) = Abs (control) - Abs (test)/ Abs (control) x 100 

Where Abs (control) is the absorbance of the control reaction and Abs 

(test) is the absorbance in the presence of the sample of the extracts. The 

antioxidant activity of the leaf extracts were expressed as ICso. The ICso 

value was defined as the concentration (in J.Lg/ml) of extract that 

scavenges the DPPH radical by 50 %. 

Microbiological safety analysis 

Ten g of sample were homogenised with 90 ml of 0.85 % (w/v) 

sterile physiological saline in a stomacher lab-blender (400, Seward, UK) 

for 1 min. Serial dilutions (10-1 to 10-8) in the same diluents were made. 

TVC: Total viable count (TVC) was determined in the plate count agar 

(M091A, HiMedia) plates which were incubated at 30° C for 48-72 h. 
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RESULTS 



Survey on wild leafy vegetables 

Survey was conducted in randomly selected 280 households in 

different villages located in all four districts of Sikkim: North (40 

households), West (70 households), South (70 households) and East (100 

households), representing the major ethnic communities, namely the 

Nepalis, Bhutias and Lepchas. The study was carried out in different 

villages and local periodical markets, locally called haats (Table 5), through 

semi structured interviews, free listing and direct observation with, 120 

Nepali, 90 . Bhutia, 70 Lepcha individuals. Information on ecological 

distribution and consumption of wild leafy vegetables (WL Vs) were 

collected using questionnaire. Indigenous knowledge on traditional 

method of collection and preparation of WLVs by the ethnic people of 

Sikkim Himalaya, their mode of consumption, socio-economy and ethnic 

value of the products were also documented based on the information 

sought from the local people of the respective places and other secondary 

sources. 

Documentation of traditional knowledge 

In Sikkim, the ethnic people, usually the elderly men and women 

are generally able to identify the edibility of wild leafy vegetables and 

have developed the taste of such plants. The plants in natural habitat are 

less familiar to the present day younger generation, unless, they are 
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involved into its commercial transaction. Transmission of traditional 

knowledge from the elder generation to the younger generation is quite 

low. This is probably, due to the fact that, most of the present day younger 

generation in the villages are not much contributive in the field. They are 

rather, attracted by the urban lifestyles and living. The organic farming 

initiated by the department of Horticulture and cash crops, Government of 

Sikkim, generally focuses on the exotic · and improved varieties of 

vegetables. Moreover, the tastes of exotic varieties are more preferred by 

the younger generation. This can be probably attributed to the 

globalization in trends and technology from present day gadgets to 

restaurant glass. 

However, in such rural families, which are involved in the 

commercial foraging of WLVs, the traditioruil knowledge from plant 

identification, their natural habitat, foraging, mode of consumption, 

availability season, and even the minute marketing parameters, are 

effectively transmitted from one generation to the other. The pattern of 

such transmission is generally from mother to daughter or mother - in-law 

to daughter-in-law. Male members of the family are not much involved in 

this activity (Table 7). The vegetable middle man locally called Kharitetj, 

who collects en-masse WLVs from the villages and supply to the vendors 

locally called subjiwala, at the vegetable markets, in the urban places, were 

83 



found to be equally informed about the geographical distribution and 

supply sources. 

Documentation of common and less familiar WLVs consumed by 

different ethnic people of Sikkim 

In Sikkim Himalaya, the natives cook and consume nearly 26 wild 

leafy vegetables belonging to 17 families (Table 1). Selection of a particular 

species, for inclusion in the diet, is location specific and influenced by the 

availability of plant material. Shown in table 2, 3, 8 and 9 few species 

qualified through the selection parameters such as (a) taste, (b) frequency 

of occurrence, (c) ethnic consumer, (d) edibility acceptance, (e) medicinal 

value, (£) quantity used, (g) market demand, (h) supply volume, (i) supply 

source, G) availability season and intensity, (k) preference by younger 

generation, as designed for detailed assessment for the purpose of the 

present thesis. 

As such, five common and less familiar wild leafy vegetables were 

prioritized for detailed assessment (Photo 1). Their ecological distribution, 

ethnic importance, socio-economy, mode of consumption, culinary, 

nutritional value, mineral content, antioxidant activity, phenolic content 

and microbial safety were studied and are well documented in this thesis. 
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Table 1: Wild leafy vegetables of Sikkim 

Botanical name Family Local Habit Distribution Consumer 
Name (ft.) 

Amaranthus lividus Amarantheceae Ginneri Herb upto 6000 All 
Linn. sag 

Amaranthus spinosus Amarantheceae Ban Iunde Herb upto5000 Nepali 
Linn. 

Amaranthus viridis 1\nlarantheceae Latfe!J sag Herb 2500-6000 All 
Linn. 

Asparagus recemosus Liliaceae Kurilo Climbing upto4000 Nepali 
Willd. shrub Lepcha 

Arundinaria maling Poaceae Malingo Grass 5000-9000 All 
(Gamble) 

Cassia fistUla Caesalpinaceae Rnjbriksh Tree upto 4000 All 
Linn. 

Casearia glomerata Flacourtiaceae Barkunlay Tree upto 5600 All 
Roxb. 

Chenopodium album Chenopodiaceae Bethu sag Herb upto 12000 All 
Linn. 

Cissus adnata Vitaceae Cluzrchare Herb upto3500 All 
Roxb. 

Dendrocalamus Poaceae Tama Herb upto 7000 All 
hamiltonii N ees. 

Diplazium esculentum Athyriaceae Ningro Fern 4000-8000 All 
(Retz)Sw. 

Embelia undulate Myrsinaceae Amilpati Climbing 2900-9800 Nepali 
(DC)Mez. shrub 

Girardiana diversifolia Urticaceae Bhangre-.1 Shrub 4000-9000 All 
( Link) Friss. sisnoo 

Houttuynia cordata Sauraceae Hilay Jhar Herb upto5900 Nepali 
Thunb. Lepcha 

Indigofera Legurninosae Chiringi Herb upto5000 All 
atropurpurea Hom jhar 
em. 

Malva vericillata Linn. Malvaceae Lapche sag Herb 600-9500 Nepali 
Lepcha 

All, all ethnic groups of Sikkim; ft, feet 
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Continued (Table 1) 

Nasturtium officinale Brassicaceae Simrayo Herb upto 12000 All 
Brown 

Persicnria nmcinata Polygonaceae Rntnnulo Herb 8000-11500 All 
(Buch-Harn ex 
D.Don)H.Gross 

Pouzolziz snnguinea Urticaceae Chipley Tree Upto 9800 Nepali 
(Bl.)Merr. Lepcha 

Rumex nepaulensis Polygonaceae Hnlhnlny Herb 6000-7000 All 
Spreng. 

Trichosantlres palmata Cucurbitaceae Jndreyni Herb upto 6000 Nepali 
Roxb. 

U rtica ardens Linl<. Urticaceae Sisnoo Herb upto 9800 All 

U rtica dioica Linn. Urticaceae Sisnoo Herb upto 7000 All 

Urticn lzyperborea Jacq. Urticaceae Sisnoo Under 13000-16500 All 
shrub 

Urtica paroijlora Urticaceae Sisnoo Herb 5000-12000 All 
Roxb. 

Wrightin arborea A pocynaceae Lelemny- Tree upto 3900 Lepcha 

( Dennst.) Schluss. ok 

All, all ethnic group of Sikkim; ft, feet 
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Photo 1. Selected common and less familiar wild leafy vegetables 

of Sikkim (A) A mnrnntl111s virufis Linn.; (B) Clte11opodium 

nlb11111 Linn.; (C) Diplnzilllll esculellllllll (Retz.)Sw; (D) 

Nnst11 rtium offici 11nle R. Br. ; (E) U rticn dioicn Linn. 



Availability season 

The selected common and less familiar wild leafy vegetables are 

available for local consumption in the Sikkim Himalayas from the month 

of March to August at different intensity (Table 8). Consumption of WL Vs 

were found to be by choice, chance, tradition, taste, necessity, knowledge 

or any other ethnical values known to the natives of the Himalayas. 

As such, the people ·of Sikkim face vegetable scarcity, during 

monsoon season, which generally commences from the month of June and 

lasts up to August/September. Monsoon brings with it, a prolonged 

torrential rain, raising the meteorological rain-gauge reading, every year. 

In the far flung remote villages of the state, the scarcity of food and exotic 

vegetables are further aggravated by series of landslides and natural 

calamities .which occur due to the torrential, monsoon rain. It is fairly 

during these crucial hours, less familiar and common wild, non

conventional leafy vegetable, such as Amaranthus viridis Linn. locally 

known as Latte.; sag or lunde sag, Diplazium esculentum (Retz.) Sw. locally 

called as Ningro, Nasturtium officinale Brown. locally known as simrayo, 

Chenopodium album Linn. locally called as Bethu sag, Urtica dioica Linn. 

locally known as sisnoo also enter into the food basket of the Sikkimese 

ethnic groups (Table 3 and 8). 
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Out of the five prioritized species, Amaranthus viridis, Chenopodium 

album, Urtica dioica, Nasturtium offidnale has already entered into the 

medical food menu of Sikkimese people, while, Diplanzium esculentum 

and Urtica dioica has entered into the cultural, traditional, tourism and 

domestic food menu, of the Himalaya. Amaranthus viridis and Chenopodium 

album are of intermediate occurrence in terms of availability while 

Diplazium esculentum, Nasturtium offidnale and Urtica dioica are of frequent 

occurrence. All the five WLVs are accepted for consumption by all the 

ethnic groups and are consumed by all age groups. Similarly all of them 

have medicinal value and are consumed in fairly large quantities during 

its availability season (Table 2). 

A study on the seasonal calendar of selected common and less 

familiar wild leafy vegetables of Sikkim ( Table 8), reveals the fact that all 

the five WLVs are heavily available in its vegetative stage during the 

month of April and May every year. Interesting to note that simrayo is 

available whole round the year with heavy availability during the months 

of March, April, May, July and August, moderate availability during the 

months of February and June and slightly available during rest of the 

months. Amongst the five selected WLVs lattey sag and bethu sag are those 

which are available for human consumption for a very short period of 

time. They make their appearance in the vegetable market in the month of 
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March which becomes heavily available in the month of April and May 

and becomes moderately available in June and slowly disappears for the 

rest of the months. Sisnoo and ningro has almost similar seasonal calendar 

where they appear in the month of late February, becomes moderately 

available in March. The availability reaches maximum in the month of 

April and May and becomes moderately available during the months of 

June and July and remain slightly available for rest of the months. During 

the month of June-July though these WLVs are available in their natural 

habitat, their collection volume drops to moderate (Table 8) or sometimes 

even to a slight intensity, mainly because of three reasons:· 

(i) Technical difficulties in foraging from the forest due 

monsoon rain and leeches, 

(ii) High water content in the edible parts, 

(iii) Presence of insect and insect larvae on the tender parts. 

Ecological distribution 

"Out of 26 wild leafy vegetables documented, 16 were herb, 2 

climbing shrubs, 1 shrub, 1 under shrub, 4 trees, 1 grass and 1 fern. In the 

Sikkim Himalayas, they are found growing at different altitudinal range 

and varied ecological habitat. Urtica hyperborea Jacq. is found growing at 

an altitude as high as 13000-16500ft. Based on the specific micro climate, 

the Sikkim Himalaya is divided into 3 important zones, viz., low hills (up 
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to 2900 ft, elevation), mid hills (2900-6500 ft) and upper hills (>6000 ft) . A 

few species showed broader distribution, therefore zones like low-mid 

hills, mid-upper hills and low-upper hills were also categorized, (Table 4 

and 5). The selected common and less familiar wild leafy vegetables were 

found to be distributed across a wide altitudinal and climatic range from 

low hill to upper hill and in different ecological habitat (Table 3 and 4). 

Chenopodium album and Nasturtium officinale are found to be distributed up 

to an altitude as high as 12000 ft. The altitudinal range between 1000-6500 

ft includes the major cultivable land and major human inhabited 

geographical range of Sikkim (Table 5). 

Wild leafy vegetables in Sikkim, implies absence of sufficient 

human management and are generally consumed, when the other exotic 

. varieties of vegetables are scarce, for any reason. In fact these vegetables 

result from the co-evolutionary relationship between human and 

environment. All the selected WL Vs have wide range of adaptability and 

are found growing in diverse ecological habitats. Amaranthus viridis is 

found growing as a weed in the crop and vegetable fields mainly with 

maize and rye grass. Similarly, Chenopodium album has been observed to be 

growing as a weed in maize and wheat crop fields. Nasturtium officinale is 

identified as a plant that grows luxuriantly in the ditches, shallow streams 

and perennial water bodies. Urtica dioica is observed to be an aggressive 

plant growing in undisturbed places rich in nutrient while Diplazium 
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esculentum is a fern growing in the forest slopes and undisturbed places. 

(Table3). 

Table 2: Selected common and less familiar wild leafy vegetables of Sikkim 

Botanical name Taste Frequency Ethnic Edibility Medicinal Quantity 
and Family of consumer acceptance value used 

occurrence 

Amaranthus Sweet Intermediate Nepali, All Yes Large 
viridis Linn. with Bhutia, 
Amarantheceae sharp Lepcha 

flavour 

Chenopodium Sweet Intermediate Nepali, All Yes Large 
album Linn. with Bhutia, 
Chenopodiaceae sharp Lepcha 

flavour 

Diplazium Sweet Frequent Nepali, All Yes Large 
esculantum with Bhutia, 
(Retz.) Sw. mild Lepcha 
Athyraceae flavour 

Nasturtium Sweet Frequent Nepali, All Yes Large 
offidna/e Brown with Bhutia, 
Brassicaceae typical Lepcha 

brassica 
ceae 
flavour 

Urtica dioica Sweet Frequent Nepali, All Yes Large 
Linn. with Bhutia, 
Urticaceae mild Lepcha 

flavour 

All, all age group 
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Table 3: Ecological distribution and market economy of selected common and less 
familiar wild leafy vegetables of Sikkim 

Botanical name Ecological Distribution Market Supply Supply 
and Local name habitat demand volume source 

Amaranthus CCF/ FL/ 2500- 6000 ft. Moderate Medium Crop field 
viridis Linn. UCF/ UCL/ weed 
Lattey sag RS/ FM/ HG/ 

DP/ NCS/ BY 

Chenopodium CCF/ UCF/ upto 12000 ft. Moderate Medium Crop field 
album Linn. HG/ FL/ weed 
Bethu sag NCS/ BY 

Diplazium FR/ UCF/ 4000-8000 ft. High High. Wild 
esculantum FVM/ UCL/ 
(Retz.) Sw. RS/ RF 
Ningro 

Nasturtium MP/ AS/ SM/ upto 12000 ft. High High. Wild 
officinale Brown HGWP/ RF/ 
Simrayo FR/ CRKWC 

Urtica dioica UCL/ RS/ Upto 7000ft. High High. Wild 
Linn. SM/ DP/ RF/ 
Sisnoo FR/ RM 

H, herb; S, shrub; T, tree; CCF, cultivated crop fields; UCF, uncultivated crop fields; UCL, 
uncultivated lands; RS, road sides; FL, fallows; FM, field margins; FVM, field vertical margins; HG, 
home gardens; FR, forests; MP, marshy places; AS, along s treams; SM, stream margins; RM, river 
margins; DP, disturbed p laces; HGWP, home garden wet places; UDP, undisturbed places; RF, 
reserve forests; NCS, near cow sheds; BY, back yards; CRKWC, conventional rural kitchen wash 
complex. 
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Table 4: Distribution of selected common and less familiar wild leafy vegetables of 
Sikkim in different altitudinal zones 

Ecological A. viridis C. album D. esculentum N. officinale 
zone 

Low hill ..J..J ..J..J -

Mid hill ..J ..J..J ..J 

Low-mid hill ..J..J ..J..J ..J 

Mid-upper hill ..J ..J..J ..J..J 

Upper hill - ..J ..J 

..J, moderate distn1JUtion; ..J..J, High distribution; -, distribution rare. 

Low hill, 1000-2900 ft; Low-mid hill, 1000-4900 ft; Mid hill, 2900-6500 ft; 

Mid-upper hill, 4900-8200 ft; Upper hill, > 6500 ft. 
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Table 5: Major villages and markets of Sikkim in different climatic zones 

Climatic Zone Altitude Areas 

Sub-tropical 1000-2900 ft. Rongpo, Mazitar, Kumrek, Kamling, Singtam, 

Zone Jorethang, Jitlang, Mamring, Suntalay, Sirwani, 

(Lowlands) Ranipool, 32 mile, Melli, Rongli, Legship, Makha, 

Samramsa, Rongli, 9th mile, Reshi 

Temperate Zone 2900-6500 ft. Khamdong, Namthang, Maniram, Sadam, Turuk, 

(Mid hills) Ahoe, Rumtek, Mulukay, Ranka, Namchi, Tadong, 

Linding, Duga, Rhenock, Bermoik, Rakdong Tintek, 

Central Pendam, Martam, Sang, Dikchu, Pendam_ 

Assam Lingey, Bhusuk, Mangan, Phodong, Phensong, 

Chungthang, Kabi lungchok, Pangthang, Aritaar, 

Pala;ong, Gangtok, 6th Mile, Rawtel;, Rumtek, Sang, 

Tashiding, Soreng, Sombaria, Namchi, Temi Tarku, 

Lingey Payoong, Kewzing, Kaluk, Darmadin, Hee-

Bermiok, Parts of Dzongu, Kabi, Okhrey, GeJ;zing, 

Chujachen, Lamaten, Sombaria, Naga, Sipgyar, 

Kartok. 

Temperate zone 6500-9000 ft. Pelling, Rabongla, Ben, Hilley 

(High hills) 

Alpine Zone 9000-16000 Lachen, Lachung, Barsey, Nathang, Changu, 
ft. Phadamchen, Parts of Dzongu. 

Areas with italics were surveyed for collection of data and information. 
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Socio Economy 

In Sikkim, WLVs can be broadly divided into two groups on the 

basis of consumption, the one which are not consumed regularly on 

account of their limited seasonal availability while others are frequently 

consumed due to easy availability. Consumption and marketing of WLVs 

in Sikkim, is a seasonal practice (Table 8). None of these species has been 

domesticated for large scale commercial cultivation in the field through 

any regularized agency or method, yet, there are a few common and less 

familiar species which are consumed by almost all the ethnic communities 

of Sikkim (Table 2) and all of these selected WLVs are commercially 

viable (Photo 2). A study on the year-wise, market price of WLVs 

(maximum per bundle price in a season), in rural and urban markets of 

Sikkim, data collected for year 2001-2011 envisage their commercial 

viability (Table 6). A comparative analysis of urban and rural market price 

in rupees (maximum per bundle price in a season) per bundle of selected 

common and less familiar wild leafy vegetables of Sikkim has revealed the 

fact that within a span of 11 years there is a sharp rise in price rate of 

WLVs. In 2001, per bundle price of the selected five WLVs in urban 

market were Rs 2.00 and that in rural markets Rs.1.00-1.50. However, in 

2011 the urban market price reached to Rs 15 and that in rural market it 

ranged from Rs.12.00-15.00 (Figure 2a-2k). 
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A study on the gender percentage profile of WLV vendors in four 

different districts of Sikkim (Table 7), reveals the fact that east district has 

78.3 % female and 21.7 % male. In south district 79.3 % female and 20.7 % 

male. In north district 72 % female and 28% male while in west district 

75.4 % female and 24.6 % male (Figure 4a-4e). The gender percentage 

figure of WLV vendors of the state is female 76.25 % and male 23.75 % 

(Figure 4£; Photo 3). 

Though the younger generations are not much engaged in the 

foraging of wild leafy vegetables a study on the edibility acceptance 

percentage of selected common and less familiar wild leafy vegetables 

amongst the younger generation (18-24yrs age group) (n=90) of different 

ethnic groups of Sikkim reveals an interesting details (Table 9). Ningro is 

accepted by 90 % Bhutia, 86.6 % Nepali and 82.2 % Lepcha. 90 % of Nepali 

and Bhutia accept the consumption of sisnoo while the figure is 84.4 % for 

Lepcha. Edibility acceptance percentage of simrayo for all the three ethnic 

groups is above 85%. Bethu sag is consumed by 55.5 % Nepali, followed by 

35.5 % Lepcha and only 27.7 % Bhutia. Similarly 42 % of Nepali younger 

generation accepts the edibility of lattey sag followed by 28.8 % of Lepcha 

and just 20 % of Bhutia (Figure 3). 
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Photo 2. WLV trade, knowledge sharing and financial 

independence through foraging of wild leafy 

vegeta bles. (A-C) foraging and marketing of wild 

leafy vegetables; (D) knowledge sha ring through 

the response to the qu estionnaire; (E) financial 

re turn and ensuring economic secu rity 



Photo 3. Participation of females in the trade and marketing 

of wild leafy vegetables. (A-D) rural women selling 

vegetables along with wild leafy vegetables in the 

weekly periodical hnnts of Sikkim. 



Table 6: Comparative analysis of urban and rural market price in 
Rupees (maximum price in a season) per bundle of selected common 
and less familiar wild leafy vegetables of Sikkim 

Wild leafy vegetables (Rs.) 
Year Market 

Lattey Bethu Ningro Simrayo Sisnoo 

Urban 2.00 2.00 2.00 2.00 2.00 
2001 

Rural 1.00 1.00 1.50 1.00 1.50 

Urban 2.00 2.00 2.50 2.00 2.00 
2002 

Rural 1.00 1.00 1.50 1.00 1.50 

Urban 2.00 2.00 2.50 2.50 2.50 
2003 

Rural 2.00 2.00 2.50 2.00 2.00 

Urban 2.50 2.50 2.50 2.50 2.50 
2004 

Rural 2.00 2.00 2.50 2.50 2.50 

Urban 2.50 2.50 3.00 2.50 5.00 
2005 

Rural 2.50 2.50 2.50 2.50 3.00 

Urban 3.00 3.00 3.00 2.50 5.00 
2006 

Rural 2.50 3.00 3.00 2.50 3.00 

Urban 5.00 5.00 5.00 5.00 5.00 
2007 

Rural 5.00 5.00 5.00 5.00 5.00 

Urban 5.00 5.00 5.00 5.00 5.00 
2008 

Rural 5.00 5.00 5.00 5.00 5.00 

Urban 7.50 7.50 8.00 8.00 8.00 
2009 

Rural 5.00 7.50 7.50 7.50 7.50 

Urban 10.00 10.00 10.00 10.00 10.00 
2010 

Rural 10.00 10.00 10.00 10.00 10.00 

Urban 15.00 15.00 15.00 15.00 15.00 
2011 

Rural 12 12 15.00 15.00 15.00 
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Table 7: Gender percentage profile of WL V vendors in four different districts of 
Sikkim 

Vegetable Total no No of No of Male% Female 
~~ ~ .. ... 

u periodical ofWLV male female % ] t 0~ ~c; ., haatf vendors vendors vendors ~] .. Ei .... 
~ .. = 0 market ..... ~ 

Gangtok 57.0±2.9 11.5±1 45.5±2.0 20.2±0.9 79.8±0.9 

Singtam 42.7±2.5 7.5 ± 0.5 35.2±2.6 17.6±1.7 82.4±1.7 

Pakyong 16.0± 1.6 5.0±0.8 11.0 ± 1.8 31.2± 1.2 68.8 ±1.2 ... ., 
"' Ranipool 13.0±1.4 2.0±0.8 11.0± 0.8 15.3 ±5.0 84.7±5.0 ~ 21.7 78.3 

Rhenock 16.0±1.6 3.3 ±0.5 12.7±1.2 20.6 ± 0.5 79.4 ± 1.5 

9th mile 6.7± 0.95 1.7± 0.5 5.0± 0.8 25.4±7.0 74.6±7.0 

fl 
Phodong 4.7±0.5 1.5 ± 0.5 3.2 ± 0.5 31.9±10.3 68.1±10.3 

~ Mangan 11.2±1.9 2.7±0.5 8.5 ± 1.7 24.1 ±6.6 75.9±6.4 28 72 

Jorethang 25.2±2.0 4.0±1.8 21.2±2.2 15.9± 6.8 84.1 ±6.8 

Rabongla 19.0 ±2.9 4.5±2.0 14.5 ±1.2 23.7±8.0 76.3±8.0 
:5 
::l 
0 Namchi 24.7±2.2 5±1.4 19.7 ± 2.8 20.2±6.6 79.8 ± 6.6 20.7 79.3 (/) 

Melli 9.7± 0.9 2.2±0.5 7.5±1.0 22.7±6.2 77.3±6.2 

Geylzing 16.2±1.8 4.2±0.9 12.0 ±1.4 26.0±4.6 74.0±4.6 

Pelling 9.0 ± 0.8 1.5 ± 0.5 7.5 ± 0.5 16.7±5.4 83.3±5.4 ... 24.6 75.4 ., 
~ Legship 6.0± 0.8 1.5 ± 0.5 4.5±0.5 25.0±7.6 75.0±7.6 

Soreng 10.4±1.7 3.2±0.9 7.2 ± 1.5 30.8±8.3 69.2± 8.3 

WL V, wild leafy vegetable. 
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Table 8: Seasonal calendar of selected common and less familiar wild leafy 
vegetables of Sikkim 

MONTH 

~ Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Lalley X X a aaa aaa a a a X X X X X 

Bethu X X a aaa aaa aa a X X X X X 

Ningro X a a a aaa aaa a a aa a a a a X 

Simrayo a aa aaa aaa aaa a a aaa aaa a a a a 

Sisnoo X a aa aaa aaa aa a a aa a a a X 

WL V, wild leafy vegetables; 

x, not available; a, slightly available; aa, moderately available; aaa, heavily available. 

Table 9: Edibility acceptance percentage of selected common and less familiar wild 
leafy vegetables amongst the younger generation of different ethnic groups of 
Sikkim 

Nepali Bhutia Lepcha 

WLV n % n % n % 

Ningro 78 86.6 81 90 74 82.2 

Sisnoo 81 90 81 90 76 84.4 

Simrayo 79 87.7 80 88.8 77 85.5 

Bethu 50 55.5 25 27.7 32 35.5 

Lattey 38 42.2 18 20 26 28.8 

n, values out of 90 samples. 
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Amaranthus Viridis Linn. 

Family: Amarantheceae. 

English Name: Pig weed 

Vernacular Name: Lattey sa!ifLunde sag (Nepali) 

Ethnic importance: 

Amaranthus viridis Linn. commonly called lattey sag or Iunde sag in 

Nepali, has been used in the Sikkimese food culture, since time 

immemorial. The leaves are used as vegetables and seeds are nutritious. 

It is used, both for human nutrition and animal feed. The rural ethnic 

people of Sikkim consume Amaranthus viridis, as a non-conventional wild 

leafy vegetable, especially during the crucial time of vegetable scarcity 

(Table 8). This leafy vegetable is consumed by all the ethnic people of 

Sikkim, within an altitudinal range up to 2500-6000 ft. (Table 3). 

Amaranthus viridis is also used as medicine (Table 2). In traditional system, 

it is used to reduce labour pain. Ethno-medically, it is found to act as 

antipyretic, analgesic, laxative, encouragement of appetite, antifungal and 

in the treatment of asthma. The Nepalese of Sikkim use this plant to treat 

several ailments such as malaria, hepatic disorders, jaundice, scanty urine 

or wounds, body ache, diabetes and to induce abortion. The Lepchas in 

remote villages of Sikkim use the plant to treat diarrhoea, gastroenteritis 

and arthritis. Lattey sag has found its place in some folk songs of the hills, 
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Goht muni barima lattey ko sag, hami pani khaun hai ek dui chaak 

(Annonymous). In English, it means there are some lattey sag in the field 

below the cow shed, so, let us too, eat them for one or two meals. The 

Lepchas of Sikkim believe that, curry prepared from green lattay sag stop 

diarrhoea. Seeds, ground into powder, mixed with water and taken as an 

infusion to cure general gastric problems. Beaten seeds are fried with 

butter and fed to pregnant women to lessen pregnancy pains. Root paste is 

applied on minor bone fracture and dislocation. Root and seed decoction 

is taken to treat diarrhoea and cough. Elders in rural villages are proficient 

in identifying its edibility as leafy vegetable. It is otherwise discarded as 

weeds. The discarded weeds are used as feed for the livestock at home. 

Ecological Distribution 

Amaranthus viridis Linn. is found luxuriantly growing as weed, in 

the cereal and vegetable crop fields and around domestic livestock shed 

complex. It grows as a seasonal weed. The plant is also found growing in 

the waste lands, uncultivated fields, field margins and home gardens of 

urban, peri urban and rural ecological environments. It thus has wide 

range of adaptability. The plants germinate during early summer, after 

seed dormancy. It is reported to be distributed within an altitudinal range 

between 2500-6000 ft (Table 3). It is found growing in low hill, mid hill, 

low mid hill and mid upper hill (Table 4) and is found growing 
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luxuriantly in the organic manure deposits and soil with no standing 

water. In its natural habitat, it is observed to be generally associated with 

other weeds like Drymeria cordata, Solanum nigrum, Cardamine hirsute, 

Galinsoga sp, Ipomia sp, Aegeratum sp etc. It is found associated with crops 

such as maize and wheat. Even the folk song describes, its ecological 

habitat, to be in the field below the cow shed, which partially indicates 

that, it is found growing in the crop field and prefers soil rich in organic 

manure. 

Foraging 

Foraging of Amaranthus viridis is done from, waste lands, field 

margins, cultivated crop fields or vegetable fields and furrows. The edible 

part, being the tender shoots and young leaves, it is collected from its 

natural habitat during the month of April to July (varying at different 

places relative to the altitude and climatic conditions). Based on the 

requirement, whether for home consumption or sale in the vegetable 

market, two different patterns of collection are practiced by the ethnic 

people of Sikkim. For consumption at home, the tender shoots with leaves 

are collected by plucking them with hand. There is a faint belief, amongst 

some conservative elders in the villages, that, the edible part should not be 

harvested with a sickle or knife, as it will taste pungent. However, there is 
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no record of its experimental proof. Elderly women are expert in plucking 

the edible parts for consumption. 

For sale or supply in the vegetable markets, plants are collected 

from the crop fields, when the plant is about one feet tall after 

germination. They are collected by uprooting the whole plant or plucking 

with hand. The collected plants or plant parts are then washed and tied 

into small bundles locally called mutta about 300-500 gin weight (Figure 

7b). Generally, bundles are tied with dried paddy straw ( Oryzea sativa) 

locally called paraal , matured maize ( Zea mays) leaves locally called 

makai ko paat, Poa leaves locally called siroo ko paat et. chetera. Lattey sag, is 

an uncultivated wild leafy vegetable plant, and is available only during its 

favourable season, unless domesticated. It is a highly perishable plant. The 

left over lnttey sag from the household and vegetable market are used as 

feed for the livestock and pig. 

Prospects of Amaranthus viridis 

Amaranthus viridis, though a crop-field weed, is a multi-prospective 

plant. It is found to be used as a leafy vegetable, fodder for domestic 

livestock and is traditionally used in the treatment of several illness and 

diseases (Figure 7a). 
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Amaranthus viridis 

Fig 7a. Prospects of Amaranthus viridis 

Consumed as leafy 
vegetable. 

Used as fodder for 
domestic livestock 

Different parts of the 
plant used in traditional 

system of medicine 

Market chain analysis and socio - economic profile 

A detail study on the market chain and socio-economy of 

Amaranthus viridis Linn. was conducted. For high volume demand, Lattey 

sag foraging is done from the crop-field habitat. There is a proportionate, 

unidirectional socio-economic gain, involved in lattey sag market chain 

(Figure 7b). 

For sale in the market and local periodical haats, the young plants 

are uprooted or plucked and carried to the tap water or dhara a 

traditionally designed, common washing and bathing place along, some 

nearby stream or kitchen courtyard. The washed materials are tied into 

bundles and inserted in a sack or bamboo-stripe made back-pack basket 

locally called doko and carried to the market, local haat and other places for 

sale (Photo 4). If tlie villager is not a vegetable seller then it is either sold to 
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vegetable vendor in the market or to the vegetable supplier, middle man 

locally called kharitey who purchases the vegetable in large scale from the 

villagers and supplies to the vendors at the market place. Kharitey 

transports the vegetable load, from village to the town by public carrier 

such as bus or taxi. Kharitey pays for the transport. From the terminus at 

the town, the load is transported to the vegetable vendor at the vegetable 

market place, manually by the porter and coolie (Photo 5). Kharitey pays 

for the manual labour. Kharitey supplies to the vegetable vendor at the 

market place and gets his return in cash. Consumer purchases from the 

vegetable vendor at the market place at the rate of Rs. 15-20 per bundle 

weighing about 300-500 g. Thus lattey sag completes its unidirectional 

market chain (Figure 7b). 
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A. viridis (lattey sag) growing in the crop fields as weed. 

Foraging for sale 

Foraging done by uprooting the whole plant 

Roots washed in running water 

Washed plants tied into bundles weighing about 300-500g 

Bundles inserted into a polythene sack or doko 

.------=--/--, ~..---=----
Villagers-take lattey sag 
bundles to the local periodical 
haats for sale 

Klmritey collects the vegetable 
bundles from the village and 
transports to the vegetable 
markets by public carriers. 

/ 
Porters transport the vegetable load to the vegetable shops or periodical hat sites 

l 
Consumers purchase lattey sag for consumption 

Fig 7b. Flow- sheet of market chain and socio-economic profile of lattey 
sag. 
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Photo 4. (A-E) Vegetable vendors, sellin g vegetables along 

with wild leafy vegetables along the road 

side s talls. 



Photo 5. Role of porter in WLV market chain. (A) porter 
d istribu ting the WLV load to the vegetable shops or 
vendors; (B-E) vegetable vendors in urban market 
p lace, selling vegetables along with wild leafy 
vegetables 



Beneficiaries in the unidirectional market chain 

The market chain (Fig 7b) is unidirectional, where, benefit flows 

from wild natural habitat to urban and rural consumers. Several 

stakeholders are benefited in this unidirectional chain of lattey sag 

marketing (Fig 7c). 

Lalley sag from 
natural habitat 

Beneficiaries 

Forager Kharitey Transport Doko craftman Porter/ coolie Vegetable vendor Consumer 
owner and driver 

Fig 7c. Beneficiaries in a unidirectional market chain of lattey sag 

Mode of consumption 

Cooked lattey sag is consumed as a side dish. The village people 

prefer to cook lattey sag, either with potatoes or meat (Fig 7d). This gives 

typical, blended-taste, which most of the elderly people, prefer to eat. 
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Lattey sag, garbled for any in-consumable foreign agents ( stone I sand I mud 
particles I insects I larva etc). 

+ 
Tender leaves and tender shoots are tom into small pieces by 

hand-pinching. 

~ 

I 
Washed in running water for 3 to 4 times 

~ 

I Boiled or washed in hot water for few minutes I 
~ 

I Stir fried with potatoes or meat I 
~ 

I Served hot as a side dish I 
Fig 7d. Flow sheet of mode of consumption of lattetj sag. 

Culinary 

Lattey sag culinary is almost a zero-spice culinary, as it generally, 

does not involve the use of spices, except garlic ?r ginger paste, which is 

also optional (Fig 7e; Photo 6). It is a health supporting culinary. 
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Photo 6. Prepara tion of lattey sag with meat as a side dish. 

(A) lnttey sag bundle; (B) garbling of lattey sag; (C) boiled/ hot 

water trea ted lattey sag; (D) lattey sag being cooked with meat; 

(E) Lnttey sag side dish, served hot 



Potato I meat 
pieces (washed) 

' 
' 

optiqnal 

Ginger & 
garlic paste 
( optional. as 
per the taste 

preference) 

' 
' 
' 
' 
' 
' ' ' 

' 

Stir fried in a pan 
(Karat) 

of stirring 

Stirred and mi thoroughly 

The karat is covered witll a lid 

Stirred 3 to -t es intermittently 

Cooking allowed for about 8 to 10 
minutes. 

Sti rred for last round 

~-' .,.: lr~~~·'fio.;.:,~~~,!l-1:~..,.... '""~.-.j·~-~ .. -=~.~,:~~~ 

~- ~ ..... ..;..!.,.:....-...~.:.~·-~~--........ . .-.. : ... ~~....:;..~ 

Fig 7e. Flow sheet of lnttey sng culinary 
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Chenopodium album Linn. 

Family: Chenopodiaceae 

English Name: Lamb's quarters 

Vernacular Name: Bethu sag (Nepali) 

Ethnic importance 

It is commonly called bethu sag in Nepali and pigweed, fat hen or 

lamb-quarters' in English. It is also called white goose foot. In the olden times, 

as reported by some elderly informants, seeds of this species were also 

used for baking bread. Lachungpas in lachung valley of North Sikkim use 

C. album seeds in the preparation of chang, a traditionally prepared 

alcoholic beverage. It is believed to enhance the taste of chang. 

Chenopodium album is commonly used both as food and medicine (Table 2). 

It is used to cure piles and clearing worms. It is also used to enhance 

digestive power, appetite, and strength of the body and to destroy all 

types of worms. Its use for the treatments of hepatic disorders, spleen 

enlargement, intestinal ulcers and burns are of wide acceptance amongst 

the rural people of Sikkim. C. album has often been reported in the folklore 

to be helpful in intestinal pains. Bethu sag is used in TSM to cure 

constipation, joint pain by the ethnic people of Sikkim. 
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Ecological distribution: 

In Sikkim, it is found growing as a weed in maize, wheat and 

vegetable crop fields, within an altitudinal range up to 12000 ft. (Table 3). 

It multiplies at a very fast rate, because of a large number of small seeds, 

produced per plant. It is found growing as a seasonal weed, in the crop 

fields. It is also found growing in fallows, uncultivated fields and home 

gardens, in different parts of Sikkim (Table 3). It is found growing in low 

hill, mid hill, low mid hill, mid upper hill and upper hill at varying 

distribution density (Table 4). In its natural habitat it is seen growing in 

association with plant species such as Amaranthus sp, Cepsella sp, Cardamine 

sp, Centella asiatica, Polygonum sp, Galinsoga sp et. cetera. Like Amaranthus 

viridis, it is also found luxuriantly growing in the organic manure deposits 

and prefer a soil with no standing water. Some ethnic people in Sikkim, 

believe that, the betu seeds, fall to the ground from the sky. This could be 

attributed to its anemophilic mechanism of seed dispersal. 

Foraging 

Foraging of Chenopodium album is done from cultivated crop or 

vegetable fields and furrows. The tender shoots and young leaves are 

collected during the month of April to July (varying at different places 

relative to the altitude and climatic conditions). Based on the requirement, 

whether for home consumption or sale in the vegetable market, two 
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different patterns of collection are practiced by the ethnic people of 

Sikkim. For consumption at home, the tender shoots with leaves are 

collected by plucking them with hand. Elderly women are expert in 

plucking the edible parts for consumption. 

For sale or supply in the vegetable markets, plants are collected 

from the field when the plant is about 8-12 inches tall, after germination. 

They are collected by uprooting the whole plant, with hand. The uprooted 

plants are washed and tied into small bundles locally called mutta about 

300-500 gin weight. Generally, bundles are tied with dried paddy straw 

(Oryzea sativa) locally called paraal , matured maize ( Zea mays) leaves 

locally called makni ko paat, Poa leaves locally called siroo ko paat etc. 

chetera. Bethu sag is an uncultivated wild leafy vegetable plant that grows 

as weed, and will be available only during its availability season, unless 

domesticated. In almost all parts of the state it is consumed as a leafy 

vegetable by all the ethnic people of Sikkim. Betu sag is a highly perishable 

plant. The left over bethu sag from the household and vegetable market is 

used as feed for the livestock and pig. 

Prospects of Chenopodium album 

Chenopodium album, though a crop-field weed, is a multi

prospective plant. It is used as a leafy vegetable, fodder for domestic 
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livestock and is traditionally used in the treatment of several illness and 

diseases (Fig Sa) 

Chenopodium album 

Consumed as leafy 
~ vegetable. 

------ I'--------' 

Used as fodder for 
_____ ..., domestic livestock 

Different parts 
used in traditional 

system of 
medicine 

Fig 8a. Prospect of Chenopodium album 

Market chain analysis and socio-economic profile 

A detail study on the market chain and socio-economy of 

Chenopodium album was conducted. Bethu sag, foraging is done from the 

crop-field habitat. There is a proportionate unidirectional socio-economic 

gain involved in bethu sag market chain (Fig Sb). 

For sale in the market and local periodical haat, the young plants 

are uprooted or plucked and carried to the tap water or dhara, a 

traditionally designed, washing and bathing place along, some nearby 

stream or kitchen courtyard. The washed materials are tied into bundles 

and inserted in a sack or bamboo-stripe made back-pack basket locally 
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called doko and carried to the vegetable market, local haat and other places 

for sale (Photo 4). If the villager is not a vegetable seller then it is either 

sold to vegetable vendor in the market place or to the vegetable supplier 

locally called kharitey who purchases the vegetable in large scale from the 

villagers and supply to the vendors at the market place. Kharitey 

transports the vegetable load, from village to the town by bus or taxi. 

Kharitey pays for the transport. From the terminus at the town, the load is 

transported to the vegetable vendor at the vegetable market place, 

manually by the porter and coolie (Photo 5). Kharitey pays for the manual 

labour. KhariteJj supplies to the vegetable vendor at the market place and 

gets his return in cash. Consumer purchases from the vegetable vendor at 

the market place at the rate of Rs. 15-20 per bundle weighing about 300-

500 g. Thus bethu sag completes its unidirectional market chain (Figure 8b). 
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C. album (bethu sag) growing in the crop fields as 
weed. 

Foraging for sale 

Foraging done by uprooting the whole plant 

~ 
Roots washed in running water 

~ 
Washed plants tied into bundles weighing about 300-SOOg 

~ 
Bundles inserted into a polythene sack or doko 

.-----=-/--, ~r--=----,------
Villagers take bethu sag 
bundles to the local periodical 
haats for sale 

Kharitey collects the vegetables 
bundles from the village and 
transports to the vegetable 
markets by public carriers. 

Fig Bb. Flow sheet of market chain and socio-economic profile of bethu sag. 
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Beneficiaries in the unidirectional market chain 

The market chain (Fig Sb) is unidirectional, where, benefit flows 

from wild natural habitat to urban and rural consumers. Several 

stakeholders are benefited in this unidirectional chain of bethu sag 

marketing (Fig Sc). 

Bethufrom 
natural habitat 

Beneficiaries 

Forager Kharitey Transport Doko craftman Porter Vegetable vendor Consumer 
owner and driver 

Fig Sc. Beneficiaries in a unidirectional market chain of bethu sag 
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Mode of consumption: 

Bethu sag is cooked and consumed, as a side dish. It is best prepared 

with potatoes or meat (Fig 8d). 

Garbled for any in-consumable foreign agents (stone I sand I mud particles I 
insects I larva etc). 

Tender leaves and shoots are tom into small pieces with hand pinching. 
While doing so the powdery coat on the leaves are also dusted off. 

l Washed in running water for 3 to 4 times 

I Stir fried with potatoes or meat 

I Served hot as a side dish 

Fig 8d. Flow- sheet of mode of consumption of bethu sag. 

Culinary 

Bethu sag culinary, is almost a zero-spice culinary, as it does not 

engage, the use of spices, except garlic or ginger paste, which is also 

optional (Fig Be; Photo 7). It is a health supporting culinary. The village 

people prefer to cook bethu sag, either with potatoes or meat. This gives a 

typical, blended-taste, which most of the elderly people prefer to eat. 
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Photo 7. Preparation of bethu sag side dish. (A) betlw sng 

bundle; (B) garbling of betltu sng; (C) betlm sng being 

washed before cooking; (D) bet/111 sng being cooked; 

(E) bet/111 sng side dish ready (F) betlw sng side dish 

served hot 



Ginger & 
garl ic paste 
( optiona I, as 
per the taste 

preference) 

Stir fried in a pan 
( Karni) 

Cooked with occasional rring till it is half cooked 

Stirred and thoroughly 

The knmi is covered with a lid 

Stirred 1 to -l intem1ittenlly 

Cooking allowed for about8 to 10 
minutes. 

Fig 8e. Flow sheet of hetlw sng culinary 
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Diplazium esculentum (Retz.) Sw 

Family: Dryopteridaceae / Athyraceae. 

English Name: Vegetable fern 

Vernacular Name: Ningro (Nepali) 

Ethnic importance: 

Diplazium esculenturn (Retz.) is locally called ningro. Young fronds 

(circinately coiled) are consumed as vegetable. The matured leaves, locally 

called uneuw are widely used as cattle bedding from the month of June to 

October/November. During these six months, Diplaziurn sp along with few 

other ferns are the major cattle bedding for the livestock of Sikkim. The 

organic manure prepared out of such cattle bedding are considered to be 

amongst the best manures for ginger crops and vegetable farming. The 

leaves are used as vegetables and the dried rhizo~es used as insecticides. 

Diplaziurn esculenturn has several medicinal values (Table 2). The 

decoction is used to cure haemoptysis and cough. Eating fresh and dry 

root helps stop dysentery. A folk song of the hill reads, Nigurey pakha 

juhari bhaka yo sauney jhari rna, ankha ko bhaka ankhai rna rakha yo karnako 

ghari rna, (anonymous) meaning, "do not disturb me with the gesture of 

your eyes at this time of my work during monsoon rain. I am busy in the 

hill slope, plucking ningro, singing folk song called juhari". The availability 

and use period varies for different species of edible fern. The study 

indicated that the knowledge is eroding due to changing social values and 
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non participation of younger generation in collection and processing of 

such wild leafy vegetables. During the study it was also recorded that, the 

temporary welcome gates constructed for several public or private occasion, 

from a political address to a marriage ceremony, used to be made up of 

leaves of some endangered species of Cnjptomeria sp, locally known as 

Dhupi. With the strict implementation of several environmental and forest 

conservation laws in the state, the use of such endangered species were 

suddenly replaced by fern varieties, including Diplazium esculentum. This 

has positively contributed in the green mission of Sikkim. Uneu is also 

used for constructing roadside and forest huts locally called dehra. Dehras 

are used as temporary shelters by migrant labourers and cardamom field 

workers in the remote forests of Sikkim. Uneu is used by the ethnic people 

of Sikkim for incubating Jaanr and marcha. This indicates thermocoustic 

property of Diplazium esculentum. Ningro marketing is a seasonal family 

activity. Some families in the hills are economically dependent on the 

trade of Diplazium esculentum during its season time. 

Ecological distribution 

Diplazium esculentum is an aggressive fern of wasteland, forest and 

undisturbed areas in the forest and farm land proximities. It commonly 

grows in moist and shady places. It is also found growing in the field 

margins and vertical slopes of the terraced crop fields, within an 
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altitudinal range of 4000-8000 ft. in Sikkim (Table 3)'. It is found growing in 

mid hill, low mid hill, mid upper hill and upper hill (Table 4). The folk 

song also describes its ecological habitat being the hill slopes and its 

foraging season during the monsoon time. 

Foraging 

Foraging of Diplazium esculentum is done from its wild habitat. 

Tender fern crochets (from the scrolled tip to about 18 em towards base or 

as far down as the shoot snaps easily) are much in demand in the market. 

It comes in small bundles containing 35-50 crochets and sold afresh. 

Diplanzium esculentum is the most commonly used and widely available 

vegetable fern which is locally called lekhali ningro. Young fronds and 

crochets of the plant are collected by the women folk of the rural villages, 

as they are experienced in identifying the edible fern species, growing 

along with poisonous ferns. The fronds are boiled and fried in oil after 

removing the red petiolar hairs. Ningro is considered high economic valu~ 

fern amongst the ethnic people of Sikkim. As a vegetable, ningro is quite 

perishable; therefore it must be handled properly during transportation 

and preservation. Diplazium esculentum is prepared for home 

consumption and festivals or parties. The Sikkimese ethnic people prefer 

to consume it with churpi a fermented milk product. The Bhutia 

community in Sikkim prepares a very agreeable dish out of ningro, churpi 
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and animal fat called ghew. It is best preferred with potatoes or meat. 

Ningro is also used to prepare pickles for home consumption or festivals 

and marriages. Amongst many wild edible leafy vegetables, ningro has 

already entered into the culturat traditional and tourism food market of 

Sikkimese cuisine. Most popular dish made out of D. esculentum is churpy

nzngro cum;. 

Prospects of Diplazium esculentum 

Diplazium esculentum, though a fern, is a multi -prospective plant. It 

is widely used as a leafy vegetable, used in traditional system of medicine, 

used in the preparation of pickles, used in making temporary huts and 

gates, used in the preparation of jaanr and marchaa and used in 

preparation of organic manure (Fig 9a). 
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Consumed as wild 
leafy vegetable 

Used in 
Diplazium esculentum 

UsedinTSM 
making pickles 

from wild habitat 

/_ ~ 
Used in preparation of Used for making Used in preparation of 

Jaanr temporary huts marcha 
and gate 

Fig 9a. Prospect of Diplazium esculentum 

Market chain analysis and socio-economic profile 

A detail study on the market chain and soda-economy of Diplazium 

esculentum reveals the fact that ningro foraging is not an easy task. Blood 

sucking leeches, summer burn and monsoon rain are the major hardships 

of ningro foraging in the forests. Despite of the hardships, there is a 

proportionate socio-economic gain involved in ningro market chain as 

shown in the (Fig 9b). 

For sale in the vegetable market, roadside stall, local periodical 

haat, the young twigs with tender leaves and cercinate vernations are hand 

plucked and collected in a bamboo stripes woven basket, locally called 

thumchey, daaloh or cloth-made backpack. During collection, sufficient care 
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is taken not to break or damage the cercinate coil as because ningro shoots 

are highly perishable. The collected parts are tied into small bundles 

weighing about 250-500 g each, with the help of a strap drawn out of 

cardamom petiole or green straw. The bundles are then inserted into a 

sack or bamboo stripes woven basket locally called doko and carried to the 

market, local periodical haat or any other places for sale (Photo 4). If the 

villager is not a vegetable seller then it is either sold to vegetable vendor in 

the market or to the vegetable supplier locally known as kharitey who 

purchases the vegetable in large scale from the villagers and supply to the 

vegetable vendors at the market place. KhariteJ} transports the vegetable 

load,_ from village to the town by public carriers such as bus or taxis. 

Kharitey pays for the transport. From the terminus at the town, the load is 

transported to the vegetable vendor at the vegetable market place, 

manually by the porter and coolie (Photo 5). Kharitey pays for the manual 

labour. Kharitey supplies the WL V to the vegetable vendor at the market 

place and gets his return in cash. Consumer purchases from the vegetable 

vendor at the market place at the rate of Rs. 15-20 per bundle weighing 

about 300-500 g. Thus ningro completes its unidirectional market chain 

(Fig9b). 
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D. esculentum (ningro) growing in wild habitat. 

Foraging for sale 

~ 
Foraging done by hand plucking of tender shoots and crochets 

The crochets are tied into bldles weighing about 300-SOOg 

~ 
Bundles inserted into a polythene sack or doko 

..--------"'--/--, ~r---=--------, 
Villagers take ningro bundles 
to the local periodical haats 
for sale 

Kharitelj collects the vegetable 
bundles from the village and 
transports to the vegetable 
markets by public carriers. 

~/ 
"""" "'""'""' "" ve-le lood ro T vegemb!e .ru.p.. ~ periodiall h"""' 

Consumers purchase ningro for consumption 

Fig 9b. Flow- sheet of market chain and socio-economic profile of ningro. 
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Beneficiaries in a unidirectional market chain of ningro 

The market chain (Fig 9b), is unidirectional, where, benefit flows 

from wild natural habitat to urban and rural consumers. Several 

stakeholders are benefited in this unidirectional chain of ningro marketing 

(Fig 9c). 

Ningro from wild 
habitat 

Beneficiaries 

Forager Kharitey Transport Doko craftman Porter/ coolie Vegetable vendor Consumer 
owner and driver 

Fig 9c. Beneficiaries in a unidirectional market chain of Diplazium 
esculentum 

Mode of consumption: 

Though it is consumed both raw and cooked in other parts of the 

world, in Sikkim the ethnic people consume ningro only after cooking. 
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Ningro crochets and leaves are consumed as ningro curry. Garbling is done 

carefully for both foreign elements and the hairs present on its surface. A 

general mode of consumption is shown in (Fig 9d). 

The tender shoots, fronds, crochets and leaves are garbled for 
elimination of unwanted, inconsumable materials attached to it. Only 
the uppermost portions, which are very tender and soft, are selected 
for consumption as vegetable. The lower portion of the bundle (stem) 
is discarded. The brown hairs on the surface of the frond and shoots 
are wiped out, with the help of a cloth or hand or sometimes knife. 
These are avoided as because it irritates the throat while eating even 
after cooking. 

~. 
The edible portions are fragmented and torn into small pieces by 
pinching between the thumb and first finger. This traditional 
technique is generally practiced to ensure complete elimination of 
hairy structures present on its surface and other foreign agents such 
as insects, larvae, muds and stone harvouring the cercinate vernation 
or other edible parts. Use of cutting implements such as knives are 
practiced only for dissecting the tender stems. 

~ 
Boiled or dipped in hot water for 3 to 5 minutes . The water used 
for boiling is decanted off. 

J 
Spread on a flat surface or container such as aluminum or steel bowl, 
or "Nanglo" ,( a bamboo made home implement used for garbling 
grains and vegetables), till further course of preparation into a curry 
or side dish. 

.! 
The boiled stuff is cooked, stir fried or prepared into pickles as per the need 
and taste, like other vegetables. Preparation of ningro is preferred with 
potatoes or churpi or ghew by the ethnic people of Sikkim. 

Fig 9d. Flow sheet of mode of consumption of ningro 
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Culinary 

Ningro is the most widely consumed wild leafy vegetables in 

Sikkim. It is prepared and consumed as curry or pickle locally called 

ningro ko achaar. It is either prepared alone or with potatoes or churpi (Fig 

9e; Photo 8). The most popular ningro culinary in Sikkim is ningro-churpi 

curry which is even served during festivals, social parties, food festivals 

and also in the hotels. 

128 



Photo 8. Preparation of 11ingro-cl111rpi curry (A} llingro bundle; (B

C) garbling and fragmentation of 11ingro; (D) clwrpi 

being cooked; (E) 11i11gro being cooked with c/wrp1; (F) 

ningro-cl111 rpi curry ready; (G) ningro-churpi curry, 

served hot. 
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I 

Optkmal 
I 
I L ________ _ ----

Ginger& 
garlic paste 
( c1s per the 
ta'ite 

Stir fri<'d in a pan 

After about am tl' of stirring 

Boiled ningro / hot water 
treated ningro is added into 

the pan. 

Nmgro is mixed ami !.tirred with t 1e ~pin' mixture properly 
r-----------, 

\imgro-Altt cu rl) L<; 
n•ady for '>l'rvmg hot 

Sll rrl'tl 1 to .t me'> intermittent I) 

Cooking allowed for about 8 to 10 
minutes. 

Stirred for tl l' l,l<;t round 

Fig 9e. Flow sheet of ningro culinary 
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Nasturtium officinale R.Br. 

Family: Cruciferae 

Common Name: Watercress 

Vernacular Name: Simrayo (Nepali), Shamrock (Lepcha) 

Ethnic importance: 

Nasturtium officinale is commonly called simrayo in Nepali. It is 

boiled and cooked as vegetable and sometimes, consumed raw, as salad. It 

is used also as garnish for various dishes. Nasturtium officinale has several 

medicinal values (Table 2). The ethnic people of Sikkim believe that 

simrayo is useful in goiter. It is believed to possess antiscorbutic and 

stimulant properties and is eaten to improve appetite. A decoction of the 

plant is given as a blood purifier, vermifuge and diuretic. It is used for dry 

throat and cold in the head, asthma and tuberculosis. N. officinale is 

popular amongst all the ethnic people of Sikkim as it is believed to have 

anti cancer properties and is effective against high blood pressure. The 

aerial part decoction is given to relieve body pain. 

Ecological distribution: 

Nasturtium officinale is found naturalized in many parts of Sikkim 

and commonly grows in ditches, pools and margins of shallow streams, 

up to an altitude of 12,000 ft. (Table 3). It is distributed throughout Sikkim 
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Himalayas. It is found growing in low hill, mid hill, low mid hill, mid 

upper hill and upper hill (Table 4). It grows submerged, floating in water, 

or spread over sandy surfaces in flowing water. N. officina/e is found in 

abundance near springs and open-running waterways. It is seen 

growing luxuriantly in some perennial ditches, where the kitchen wash 

constantly flows. Simrayo cluster is seen to form a soft green carpet along 

the drinking water sources locally called pani ko muhaan of rural villages 

and marshy places of the hill. The plant is also believed to purify the 

spring water sources in the villages of Sikkim. Simrayo occurs naturally 

along running water and grows floating in shallow water. Shallow ponds 

can rapidly become covered and the species is sometimes considered as an 

offensive weed. It is easy to establish a watercress crop wherever 

conditions are cool and wet. It requires running water for vigorous growth 

and high yield of tender and sweet shoots. At higher latitudes in the 

summer abundant flowering will impede the harvest. Watercress likes 

sandy or gravelly soils. Watercress tolerates polluted soil and water, 

contaminated by heavy metals. The reduced water current velocities due 

to watercress appear to be important for the distribution of small 

invertebrates, creating a variety of living conditions in the water column. 

Watercress cover provides a very good shelter to the crabs and snails of 

aquatic habitat. 
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Foraging 

Foraging of Nasturtium officinale is done from its natural habitat, 

marshy places in the wild, ditches and homesteads. It is collected from the 

wild habitat by the women and children folk. Simrayo as a vegetable dish, 

though liked by all the ethnic communities in Sikkim, has not yet entered 

into the food menu of elites and festivals of Sikkimese. One of the reasons 

of this, could be the natural habitat of simrayo, as it, also grows in several 

polluted marshy places. This fact perhaps, dissuades its wider 

acceptability. The hill people are therefore very selective in terms of its 

wild source of foraging. It was observed during the present study ~at 

simrayo is being cultivated in some fringe areas of the state and is being 

produced for commerCial economic return. 

Prospects of Nasturtium officinale 

Nasturtium officinale though a wild plant is a multi-prospective 

plant. It is consumed and marketed as a wild leafy vegetable, used in 

traditional system of medicine and used as a natural water purifier at the 

natural water sources (Fig lOa). 
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Used as medicine in 
TSM 

Nasturtium officinale 
from wild habitat. 

Used as water purifier at the 
spring water sources. 

Consumed as wild leafy vegetable. 

Fig lOa. Prospect of Nasturtium officinale 

Market chain analysis and socio-economic profile 

A detail study on the market chain and socio-economy of 

Nasturtium officinale, reveals the fact that, Simrayo foraging is done from 

the natural habitat, semi-domesticated or wild. There is a proportionate 

unidirectional, socio-economic gain, involved in simrayo market chain as 

shown in the (Fig lOb). 

For sale in the vegetable market, roadside stalls or local periodical 

haats, whole plant is collected by uprooting them. The collected parts are 

washed thoroughly in the running water, tihara and streams. The roots are 

removed with the help of any cutting implements such as sickle or knife. 

The upper edible parts, tender stem and leaves are separated minutely by 

eliminating the matured stem, root and root hair. The selected edible 

portions are tied into bundles weighing about 250-500 g. Green straw or 

133 



lacerated cardamom leaves and petioles are used to tie the bundles. The 

bundles are then inserted in a bamboo made back-pack carrier basket 

called doko and carried to the market, local periodical haats or any other 

places for sale (Photo 4). If the villager is not a vegetable seller then it is 

either sold to vegetable vendor in the market place or sold to the vegetable 

supplier locally known as Kharitey, who collects the vegetable in large 

scale from the village. Kharitey transports the vegetable by public carrier 

service from the village to market terminus. Kharitay pays for the · 

transport. From the terminus, coolie and porter, transfer the load to the 

vegetable vendor in the market (Photo 5). Khariletj pays for the manual 

service. Kharitey supplies to the vegetable vendor at the market place and 

gets his return in cash. Consumer purchases from the vegetable vendor at 

the market place @ Rs.lS-20. Simrayo bundles brought home for 

consumption (Table 6). Thus, simrayo completes its commercial 

transaction, path way (Fig lOb). 
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N. officinale (simrayo) growing wild habitat. 

Foraging for sale 

~ 
Foraging done by uprooting the whole plant 

L 
Plants washed in running water 

l 
Roots are eliminated by cutting with knives/ sickle 

l 
Washed plants are tied into bundles weighing about 300-SOOg 

Bundles inserted into a polythene sack or doko 

/ ~ 
Villagers take simrayo sag 
bundles to the local periodical 
haats for sale 

Kluzritetj collects the vegetable 
bundles from the village and 
transports to the vegetable 
markets by public carriers. 

Porter transports the vegetable lo~ th:V:getable shops or periodical hat sites 

l 
Consumers purchase simrayo sag for consumption 

Fig lOb. Flow- sheet of market chain and socio-economic profile of 
simrayo. 
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Beneficiaries in the unidirectional market chain of simrayo 

The market chain (Fig lOb), is unidirectional, where, benefit flows 

from wild natural habitat to the rural and urban consumers. Several 

stakeholders are benefited in this unidirectional chain of ningro marketing 

(Fig 10c). 

Simrayo from 
natural habitat 

Beneficiaries 

Forager Kharitey Transport Doka crafbnan Porter/ coolie Vegetable vendor Consumer 
owner and driver 

Fig 10c. Beneficiaries in the unidirectional market chain of Nasturtium 
officinale 

Mode of consumption 

Though it is consumed both raw and cooked in other parts of the 

world, in Sikkim the ethnic people consume simrayo only after cooking. 

Simrayo leaves are consumed as a side dish or vegetables soup. Garbling is 
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done carefully for both foreign elements and the root hairs present on its 

stem surface. A general mode of consumption is shown in (Fig lOd). 

The tender shoots & young leaves are garbled for elimination of unwanted, 
inconsumable materials such as stone /sand /mud particles / insects / insect 
eggs/ larva etc, attached to it. Root, root hair, hard stem are also discarded. 

The edible portions are fragmented and cut into small pieces by pinching 
between the thumb and first finger. This traditional technique is practiced to 
ensure complete elimination of unwanted, inconsumable materials 

The fragmented parts after garbling are washed in a bowl or domestic sieve for 
several times in high volume of water . Care is taken not to squeeze the tender 
leaves and shoots, as over squeezing damages the form of the leafy vegetable 
before cooking. 

Stir fried or cooked with oil, onion, garlic, tomatoes and salt. Spices are not 
used as the rural folk believe that spices will take away the natural flavour of 
"simrayo". 

Served as a side dish and vegetable relish. 

Fig lOd. Flow-sheet of mode of consumption of simrayo 

Culinary 

Simrayo is cooked and consumed as a side dish or a relish by the 

ethnic people of Sikkim. Unlike European societies, the hill communities 

in Sikkim do not consume simrayo as a component of salad. It is consumed 
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cooked either alone or with potatoes or meat (Fig 10e; Photo 9). This type 

of preparations taste good if the water content of the vegetables is 

extracted out to its maximum, while cooking with constant stir frying. 

Consumption of very fresh simrayo leaves sometimes cause diarrhea or 

dysentery amongst the children, during summer. The elderly people 

therefore partially shade-dry the simrayo leaves at least for a day before 

cooking. Partial shade drying is also believed to enhance the taste and 

medicinal value of the plant. Simrayo is also consumed as a potherb and 

soup. The hill people generally go nostalgic with the sudden smell of 

simrayo flavour being cooked anywhere in the vicinity. The flavour also 

spells a typical ethnic feel of the hills in the morning and evening. The 

aroma liberated while cooking of simrayo is very tempting and it also 

indicates partially to ensure that the inhabitant in the house is certainly 

one of the ethnic communities of the Himalaya. Bhutia community of 

Sikkim prefers to cook simrayo with meat. This combination is slowly 

getting popular also amongst other ethnic communities. 
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Photo 9. Preparation of simrnyo side dish. 

(A) simrnyo bundle; (B) garbling and fragmentation of 

simrnyo leaves; (C-D) simrayo being cooked; (E) simrnyo 

sid e dish ready; (F) simrnyo side dish served hot 



Ginger & garlic 
paste( as per the 
taste preference) 

Stir fried in a pan 

After about a 

Suumyo is mixed a d stirred with the spice mixture properly 

Water content of simmyo is allowed to get 
extracted completely 

Stirred 3 to -1 ti es intermittently 

After about 10-12 minutes of cooking, the water in the pan, 
gets dried up completely. 

Stirred for the last round 

... _7 .. ~ ~ ~. -.::;-~~.-:-:~ 

........ :... ...... ~-~~~~;· ~.: .. ;·l.;,.-. ---~ 
Fig lOe. Flow sheet of simrnyo culinary 
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Urtica dioica Linn. Urticaceae 

Family: Urticaceae 

Common Name: Stinging nettle 

Vernacular Name: sisnoo (Nepali), sarong (Lepcha) 

Ethnic importance: 

Urtica dioica Linn. commonly called sisnoo in Nepali and sarong in 

Lepcha has been used in the Sikldmese food culture since time 

immemorable. Urtica dioica is a common stinging nettle of the region. 

Urtica dioica is the most widely known member of the genus. The leafy 

parts are sold in small bunches and flowers are sold by weighing. A very 

popular wild leafy vegetable, the sisnoo, is in high demand during the late 

winter when the plant loses its watery consistency. Sisnoo leaves and 

flowers are consumed as potherb or soup. The plant has a long history of 

use as a medicine and food. The local populace, use sisnoo in the 

treatment of several illnesses such as arthritis, anaemia, rheumatism, skin 

complaints, problems of bone, diabetes. Externally the plant is used to 

treat gout, sciatica, skin complaints. Lepchas in remote villages use it in 

the treatment of arthritis and rheumatism or joint ache by beating the fresh 

sisnoo leaves on to the skin. The ethnic people in remote villages use sisnou 

in the treatment of bone fracture and sprains. Beside food and medicine, 

sisnoo is also a component of several traditions and culture of Sikkim. The 
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Nepali and Bhutia community of Sikkim use sisnoo for fun play, during 

arranged marriages. It is also used by ethnic folk healers (jhankri, bejuwa, 

bungthing, phedangma) of Sikkim. Many traditional healers of the hill use 

sisnoo in their healing practices. Many believe that sisnoo keeps evil spirit 

away from a person or house. It is also used when the new born babies are 

ill. All the ethnic communities of Sikkim forbid the use of sisnoo during 

demise at home or during death mourning. Sisnoo is one of the most 

preferred plants of insects, larvae, butterflies and moths. Sisnoo ghari (a 

jungle of sisnoo) is sometimes, used by the himalayan beer for taking rest 

during the time of food hunt. Sisnoo is not eaten by elderly conservative 

bahun community of Nepali ethnic group. The conservative elders of this 

community not even let it enter inside their home. They consider sisnoo, as 

food of matwalis meaning those who drink alcohol. Thus consumption of 

sisnoo can be identified as one of the socially visible parameter for 

differentiating non-matwali and matwali communities of the hills from the 

context of conservative belief. However, the younger generations does not 

give any concern to this concept as it is consumed by all. In contrary, 

sisnoo also finds its place in the enthic folk songs of the hill community, 

sunako thaila haatko maila ke garnu dhana ley, saga ra sisnoo kheyera basa 

ananda mana ley ( quote: Anshu Kabi, Laximi Prasad Deokota) meaning, what 

do we do with the treasure of gold and silver, as they are like the dirt of 

our hands which goes away as we wash, so do not run after it, rather, 
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cultivate rye and sisnoo and serve them in your daily meals, it makes your 

life peaceful and happy. This reflects the philosophy of a simple and 

peaceful life style of ethnic communities in the hills. In the rural villages, it 

is also believed that a person who has been bitten by a dog should not 

consume sisnoo. It is believed to enhance hydrophobia. The reason needs a 

clinical confirmation. Sisnoo is used in poultice and problems related to 

bones of the body. Sisnoo is a popular pig feed in the hills. Root paste is 

applied on minor bone fracture and dislocation. Root and seed decoction 

is taken to treat diarrhoea and cough. Curry, prepared using shoot tips, is 

given to female during child delivery as their slipperiness is believed to 

help delivering child. It should not be taken by a person who has been 

bitten by rabid dogs which is believed to aggravate the problem. Stems are 

beaten, dried and boiled to make threads and woven into traditional nettle 

clothing. Spines are believed to stimulate milk production, when cows do 

not lactate. Shamans beat humans during exorcism rituals with nettles in a 

belief to drive away evil spirits from body. There is a strong belief 

amongst the natives of Sikkim that sisnoo should not be touched or eaten 

by family members of deceased person on the day of death. If the decease 

is one's father or mother, this prohibition remains for one year. Nettle is 

planted on the child's grave in a belief that the evil spirit of child will not 

come out to trouble other family members. 
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Ecological distribution: 

Urtica dioica, is found-luxuriantly growing in wasteland, roadside 

verges, hedgerows, walls, compost heaps, damp spots in the forest, along 

the margins of streams and river side, uncultivated fields, field margins 

and home gardens, undisturbed damp places or waste disposed areas in 

urban, peri urban and rural ecological habitat. Presence of sisnoo 

population in a particular location, indicates, fertile or damp soil. Nettles 

generally appear in the same locations every year. They thrive in rich soil, 

moist woodlands, thickets, disturbed areas, along partially shaded trails 

and riversides within an altitudinal range of 4000-9500 ft (Table 3). It is 

found growing in mid hill, low mid hill, mid upper hill and upper hill 

(Table4). 

Foraging 

Among all the wild leafy vegetables consumed by the different 

ethnic communities of Sikkim, Urtica dioica and Diplazium esculentum, 

are the first two WL V which has already entered into the cultural, 

traditional, tourism and domestic food menu of Sikkimese people. Sisnoo, 

which was once, considered to be the food of poor, illiterates and 

marginalized people, have now become a favorite dish of several elites 

and literates. It is also exhibited as a traditional Sikkimese food i~em 

during the food festival, conducted by the department of Tourism, 
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Government of Sikkim every year at Gangtok. It is served during food 

festival, marriage parties, and festival parties and has also entered into 

the food menu of star category hotels of Sikkim on special occasions. Often 

sisnoo is discarded as weeds, the most deterrent factor being its stinging 

nettle. Every age group wants to keep themselves away from a sisnoo 

plant. Sisnoo is the first WL V to enter into the vegetable market after the 

cold freezing winter of Sikkim Himalay<). It is sold as small bundles, each 

bundle with about 20-25 twigs with tender leaves. Sisnoo needs technical 

approach from collection to culinary. It is collected by experienced women 

folk of rural villages, sometimes accompanied by children. For a large 

scale collection, a pair of hand gloves, a traditionally designed metallic 

tongue called chimta, a bamboo stripe made basket called thumchey and a 

sickle are the essential appliances. The tender shoots are held with the 

help of metallic tongue at a length of about 12-18 inches down the apex 

along the base. At this point, the next hand holding the sickle cuts the 

tender shoot at a gap of about 1-2 inches below the point where the 

metallic tongue has held. With the metallic tongue still holding the cut 

end is then cautiously moved parabolically above and across the head and 

the tender shoot is dropped into the thumchey carried at the back. Sisnoo 

marketing is a seasonal family activity. The knowledge of foraging is 

transmitted from the elders to the younger generation and also the market 

chain parameters. 
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Prospects of Urtica dioica 

Urtica dioica, though a weed, is a multi -prospective plant. It is 

consumed as a leafy vegetable, used as fodder for domestic pig, sisnoo 

fiber is used in making handicrafts. The plant is also used in traditional 

system of medicine and used in ethnic culture and tradition (Fig lla) 

Used a pig feed 

UsedinTSM 

Urtica dioica from wild 
habitat 

Used as leafy 
vegetable pot herb 

Sisnoo fibers used in 
making handicrafts 

Used in ethnic culture 
and tradition 

Fig ll.a Prospect of Urtica dioica 

Market chain analysis and socio-economic profile 

A detail study on .the market chain and socio-economy of Urtica 

dioica has revealed the fact that sisnoo foraging is not an easy task. 

Bloodsucking leeches, snakes, sisnoo stinging hairs, summer burn and 

monsoon rain are the major hardships of sisnoo foraging in the forests. 

Despite of the hardship, there is a proportionate socio-economic gain 

involved in sisnoo market chain as shown in the (Fig llb). 
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For collection for sale in the rural and urban vegetable markets, 

roadside stalls and local haats, skilled foragers collect the edible parts from 

the forest. The collected twigs are tied into small bundles with the help of 

straw or lacerated cardamom leaves or petioles bundles of 250-400 g each. 

Each bundle containing 20-25 twigs with young leaves. These bundles are 

inserted into a bamboo stripe made back-pack basket locally called doko 

and carried to the market, local haats and places for sale (Photo 4). If the 

villager is not a vegetable seller then it is either sold to vegetable vendor in 

the market place or sold to the vegetable supplier locally called kharitey, 

who collects vegetables in a large scale from the village. Kharitey 

transports the vegetable by public carrier service from the village to 

market terminus. Kharitay pays for the transport. From the terminus, 

coolie and porter, transfer the load to the vegetable vendor in the market 

(Photo 5). Kharitey pays for the manual service. Kharitey supplies to the 

vegetable vendor at the market place and gets his return in cash. 

Consumer purchases from the vegetable vendor at the market place @ Rs. 

15-20.00 and sisnoo bundles brought home for consumption. Thus, sisnoo 

completes its commercial transaction path way (Table llb). 
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U. dioica (sisnoo) growing in wild habitat. 

Foraging for sale 

Foraging done with the help of metallic tounge called chimta 

~ 
The twigs are tied into bundles weighing about 200-300g 

Bundles inserted into a polythene sack or thumchetj 

. /~ 
Villagers take sisnoo bundles 
to the local periodical haats 
for sale 

--~~-------------. 
Kharitey collects the vegetable 
bundles from the village and 
transports to the vegetable 
markets by public carriers. 

Consumers purchase sisnoo for consumption 

Fig llb. Flow- sheet of market chain and socio-economic profile of sisnoo. 
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Beneficiaries in the unidirectional market chain of sisnoo 

The market chain (Fig llb), is unidirectional, where benefit flows 

from wild natural habitat to rural and urban consumer. Several 

stakeholders are benefited in this unidirectional chain of sisnoo marketing 

(Fig llc). 

Simrayo from 
wild habitat 

Beneficiaries 

Forager Kharitey Transport Doko craftman Porter/ coolie Vegetable vendor Consumer 
owner and driver 

Fig llc. Beneficiaries in the unidirectional market chain of sisnoo 

Mode of consumption: 

Sisnoo is never consumed raw as salad. This is due to the presence 

of stinging hair on its stems and leaves. Boiling and cooking destroys the 

stinging effect of sisnoo stinging hairs. It is therefore, consumed, only after 

cooking. Sisnoo leaves are consumed as soup or potherb (Fig lld). 
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The tender shoots & young leaves of sisnoo are garbled for 
elimination of unwanted, inconsumable materials such as stone 
/sand /mud particles/ insects/ insect eggs/ larva etc, attached 
to it. Hard stem are also discarded. 

J 
The leaves are spread on a bamboo made kitchen implement 
called nanglo used for garbling grains, pulses and vegetables. 

+ 
A small amount of flour is spread over the leaves and kept 
undisturbed for about 20 to 30 minutes. 

+ 
The insects or larvae if available in the tender leaves are driven 
out into the flour. 

~ 
For a brisk of time, leaves are swayed for thermal/ flame 
treatment, over the fireplace, possibly smoked, for releasing 
insects or larvae still attached to the leaves, if any. 

~ 
The leaves are then washed in water for several times 

.~ 
Boiled with salt and a little bit of milk or rice grains. This is 
done to make the potherb starchy and slurry 

~ 
Garlic slices are fried in oil or butter and poured into the pot 
containing the sisnoo potherb or soup. 

~ 
Sometimes, a small amount of black pepper is added to enhance 
the taste and flavour. 

Fig lld. Flow-sheet of mode of consumption of sisnoo. 

Culinary 

Both leaves and flowers of sisnoo are consumed as vegetables in the 

form of potherb and soup. The Bhutia ethnic community prefers 
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Photo 10. Prepara tion of sisnoo polherb (A) sisnoo bundle; (B) 
si~11oo trea ted with flour; (C) garbling of sisnoo; (D) 
sisnoo leaves being bolied ; (E) addition of fried garlic 
into the sisnoo potherb; (F) s ti rring with the help of fi rkey; 
(G) sisnoo pot herb, served hot. 



sufficient 
garlic 

separately 

consumption of sisnoo with meat. Sisnoo potherb is prepared free of oil 

and spices (Fig lle; Pho to16). 

Mixed with excess wate r in a pot 

-- --- ------ -------------- --
Boiled a t cooking tempc ratu till itlx•comcs slurr: c1nd ~oft 

Oil or ghee 
deep-fried 

garlic 
( frying done 

separately in a 
frying pan) 

The pot is immedia tely closed with a 
pot. 

so tha t the fried gc1rl ic flavour Lo; no t lil")('rated out of the 

The pot wi th sis11oo is again placed bad. to the 
oven. As per the requ irement and taste, the volume 

of potherb is adjusted by adding some cooking 
w~ lrr 

Fig l l e. Flow-sheet of sis11oo culinary 
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Nutritional composition 

All the five selected wild leafy vegetables were analyzed to know 

their nutritional composition and expressed in terms of percentage (Table 

11). Moisture content was determined within the range of 84.5-92.4 %. 

Highest moisture content was recorded in Diplazium esculentum while 

lowest was recorded in Urtica dioica. All other features except moisture 

and food value were expressed in terms of dry matter percentage. Food 

value was expressed as kcal/100 g OM. Dry matter percentage of ash 

content was recorded as high as 24.9 % in Nasturtium officinale followed by 

19.5 % in chenopodium album, 18.9 % in Urtica dioica, and 16.2 % in 

Diplazium esculentum and 12.2 % in Amaranthus viridis. Nasturtium officinale 

showed highest protein content of 33.8 % while Diplazium esculentum, 

Urtica dioica, Chenopodium album and Amaranthus viridis showed 31.2, 28.5, 

23.0 and 19.8 % respectively. All the five WLVs showed quite low fat 

percentage within a range of 3.4-9.6 OM %. Carbohydrate was estimated 

highest in Amaranthus viridis 64.6 OM % while lowest percentage was 

recorded in Nasturtium officinale with 31.7 OM %. Percentage of crude fiber 

was estimated as high as 13.2 OM % in Urtica dioica while lowest crude 

fiber was recorded in Diplazium esculentum with 4.6 %. The food value 

(calorific value) of the selected WLVs varied from 343.0-376.7 kcal/100 g 

DM. Highest food value was recorded in Diplazium esculentum (376.7 

kcal/100 g DM) followed by Amaranthus viridis (368.2 kcal/100 g OM), 
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Urtica dioica (353.4 kcal/100 g DM), Nasturtium officinale ( 348.4 kcal/100 g 

DM) and Chenopodium album (343.0 kcal/100 g DM). 

Table 11: Proximate composition of selected common and less familiar wild leafy 
vegetables of Sikkim 

Selected wild leafy vegetables 

Parameters Amaranthus Chenopodium Diplazium Nasturtium Urtica 
viridis album esculentum officinale dioica 

Moisture% 86.7±0.5 84.8±0.2 92.4±0.1 90.6 ± 0.3 84.5 ±0.1 

Ash(% DM) 12.2± 0.9 19.5 ± 0.05 16.2±0.7 24.9±0.9 18.9±0.3 

Protein (% DM) 19.8 ±0.6 23.0 ± 0.4 31.2±1.0 33.8±1.6 28.5 ±1.3 

Fat(% DM) 3.4±0.5 4.2± 0.4 8.3 ± 1.3 9.6±1.7 5.2±0.4 

Carbohydrate 64.6±1.7 53.3 ±0.8 44.3±1.5 31.7± 0.8 47.4±1.3 

(%DM) 

Crude fibre 8.2±1.8 12.9±0.1 4.6±0.75 9.9± 0.7 13.2±1.2 

(% DM) 

Food value 368.2± 1.3 343.0±2.4 376.7±1.9 348.4 ± 2.4 353.4±3.0 

(K cal/100g DM) 

DM, dry matter; Data represents the means (± SD) of 10 samples each. 

Elemental analysis 

The macro mineral content of selected five wild leafy vegetables 

were analyzed using flame photometer and the values expressed in 

mg/100 g (Table 12). Sodium content was recorded highest in Nasturtium 

officinale (68.8 mg/100 g) followed by Amaranthus viridis (11.2 mg/100 g), . 
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Urtica dioica (10.3 mg/100 g), Diplazium esculentum (9.5 mg/100 g), 

Chenopodium album (7.4 mg/100 g) (Figure 13a). Potassium content values 

varied from (382-917.2 mg/100 g). Elemental potassium was recorded 

highest in Urtica dioica and lowest in Amaranthus viridis (Figure 13b). 

Calcium content was estimated highest in Diplazium esculentum (192.7 

mg/100 g) and lowest in Amaranthus viridis (24.7 mg/100 g) (Fig 13c). 

The micro mineral content was determined by triacid digestion 

method and measurement carried out using Atomic Absorption 

Spectrophotometer (Perkin Elmer Analyst 200), (Table 12). For elemental 

Iron, Copper and Zinc, the values were expressed as mg/100 g. Iron 

content values varied from 5.4-11.2 mg/JOO g. highest value was recorded 

in Amaranthus viridis and lowest in Chenopodium album (Fig 13d). Copper 

content was recorded as 1.22, 1.11, 0.67, 0.58, and 0.32 mg/100 g in 

Chenopodium album, Amaranthus viridis, Urtica dioica, Nasturtium officinale 

and Diplazium esculentum, respectively (Fig 13e). Similarly, the elemental 

Zinc was recorded highest in Amaranthus viridis (9.73 mg/100 g) followed 

by Chenopodium album (8.44 mg/100 g). Diplazium esculentum, Urtica dioica 

and Nasturtium officinale showed Zinc content values within the range of 

2.04-2.73 mg/100g (Fig 13£). The Magnesium content values were 

expressed in percentage which was determined within the range of 0.22- . 

0.48 %. Highest magnesium content was recorded in Amaranthus viridis 

while lowest was recorded in Urtica dioica (Fig 13g). 
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Table 12: Mineral contents of some common and less familiar wild leafy vegetables oJ 
Sikkim 

Wild leafy vegetables (mg/100 g) 

Parameters Amaranthus Chenopodium Diplazium Nasturtium Urtica dioica 

viridis album esculentum officinale 

Na 11.2±3.5 7.4± 1.6 9.5 ± 2.2 68.8±4.4 10.3±2.8 

K 382.0± 15.4 848.32 ± 22.2 914.4 ± 23.5 465.2±13.2 917.2±26.3 

Ca 24.7±2.1 155.75±3.6 192.7±5.2 65.6 ±3.6 113.2± 7.5 

Fe 10.8 ±2.2 5.4±1.3 11.2 ± 1.8 7.0± 0.92 8.1 ±1.8 

Cu 1.11 ± 0.23 1.22±.07 0.32±0.04 0.58± 0.06 0.67±0.03 

Zn 9.73±1.02 8.44±0.91 2.73 ± 0.08 2.04±0.03 2.32±0.12 

Mg% 0.48 ±0.06 0.31 ±0.05 0.36 ±0.02 0.41 ±0.06 0.22±0.04 

Data represents the mean value of 3 replications. 

Vitamin-C content 

Vitamin-C was estimated by direct colorimetric method and the 

measurement was done at 518 nm (Table 13). The vitamin-C content of 

five WL Vs were recorded as 44 mg/100 g (Amaranthus viridis), 21 mg /100 

g (Diplazium esculentum), and 13 mg/100 g (Nasturtium officina/e). Less than 

10 mg/100 g values of vitamin-C were recorded in Urtica dioica and 

Chenopodium album (Fig 14a). 

154 



Table 13: Vitamin-C content of some common and less familiar wild leafy 
vegetables of Sikkim 

Wild leafy vegetables Local name Vitamin-C content mgllOOg 

Amaranthus viridis Lattey sag 44 

Chenopodium album Bethusag 03 

Diplazium esculentum Ningro 21 

Nasturtium officinale Simrayo 13 

Urtica dioica Sisnoo 07 

Data represents the mean value of 3 determinants estimated by colorimetric method at 518 Ilii!· 

Antioxidant activity 

The antioxidant activity was analyzed by estimating free radical 

scavenging activity following DPPH method of Macwaan and Patel 2010, 

with modifications. The absorbance was measured at 517 nm using Lamda 

25 UV Vis Spectrophotometer (Perkin Elmer/L 600-00 BB). The extents of 

DPPH radical scavenging at different concentrations (10-100 pg/ml) of the 

methanolic extracts were measured with ascorbic acid as standard. The 

DPPH free radical scavenging activities (inhibition percentage) were 

found to increase with increasing concentration and were estimated to be 

quite less than the standard (97.03 % at 100 pg/ml). The results obtained 

in Table 14 indicated moderate potential of all the plant extracts, in 
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scavenging DPPH free radicals. The inhibition percentage values, varied 

within the range of 53.19-64.47% (Table-14) as observed at 100 ~g/rnl for 

the methanolic extracts of the selected five WLV species. At 100 Jlg/rnl, 

maximum activity was observed in Chenopodium album (64.47 %) followed 

by Amaranthus viridis (61.87 %), Nasturtium officinale (58.40 %), Diplazium 

esculentum (57.95 %), Urtica dioica (53.19 %) and 97.03 Jlg/rnl for ascorbic 

acid standard (Fig 5a-5e). 

The ICsovalues were recorded as 46 Jlg/rnl( Chenopodium album), 38 

Jlg/rnl (Amaranthus viridis), 70 Jlg/rnl (Nasturtium officinale), 52 Jlg/rnl 

(Diplazium esculentum), 87 Jig/rnl (Urtica dioica). The result of the present 

investigation shows that Amaranthus viridis and Chenopodium album are 

higher in antioxidant activity in comparison to Nasturtium officinale, 

Diplazium officinale and Urtica dioica and accordingly lowest ICso value was 

determined in Amaranthus viridis and highest value was determined in 

Urtica dioica which has least antioxidant activity. An ICso value is the 

concentration of the sample required to scavenge 50% of the free radicals 

present in the system. ICso value is inversely related to the activity. 
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Table 14: Estimation of DPPH free radical scavenging activities (Inhibition %) of methanolic 
extracts of selected common and less familiar wild leafy vegetables of Sikkim 

Concent Inhibition (%) 
ration of 
extracts A. viridis C. album D. esculentum N. officinale U. dioica Ascorbic 
(pglml) Acid 

standard 

10 38.39 ± 0.96 33.50 ± 0.15 31.35 ± 3.02 29.09 ± 0.17 27.24 ± 0.50 91.99 

20 43.25 ± 2.5 42.89 ± 1.74 42.98 ± 1.84 35.11 ± 1.09 32.05 ± 0.45 93.48 

40 52.24 ± 2.4 47.93 ± 2.0 46.31 ± 0.44 43.83 ± 2.76 36.55 ± 0.39 96.58 

60 56.56 ± 1.84 54.54 ± 3.21 52.02 ± 0.85 47.66 ± 2.69 41.95 ± 0.83 96.62 

80 57.59 ± 2.71 58.63 ± 1.47 56.47 ± 1.30 53.19 ± 0.15 47.43 ± 1.54 96.76 

100 61.87 ± 2.42 64.47 ± 0.81 57.95 ± 3.67 58.40 ± 1.15 53.19 ± 2.14 97.03 

DPPH, 1,1-diphenyl-2-picryl hydrazyl; Data represents, mean (±.S.D) of 3 samples each 

Total phenolic content 

Total phenolic compounds (TPC) present in extracts were 

determined with the Folin-Ciocalteu reagent (Slinkard and Singleton, 

1977) with modification. The absorbance was measured at 760 nm using 

Lamda 25 UV Vis Spectrophotometer (Perkin Elmer/L 600-00 BB) and the 

calibration curve was drawn. In the quantitative analysis of total phenolic 

contents in methanolic extracts of five selected wild leafy vegetables, the 

TPC was determined within a range of 18-176 mg/g in GAE (Table 15). 

Highest TPC was determined in Urtica dioica (176 mg/ g in GAE) followed 

by Chenopodium album (98 mg/ g in GAE), Amaranthus viridis (98 mg/ g in 
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GAB), Nasturtium offidnale (68 mg/ gin GAE) and Diplazium esculentum (18 

mg/ gin GAB) (Fig 6a and 6b). 

Table 15: Estimation of Total Phenol Content of methanolic extracts of selected 
common and less familiar wild leafy vegetables of Sikkim 

Wild leafy vegetable Absorbance at 760 nm TPC mg/g in GAE 

Amaranthus viridis 2.1 ± 0.07 80.6 

Chenopodium album 2.2 ± 0.01 98.0 

Diplazium esculentum 1.5 ± 0.21 18.0 

Nasturtium officinale 1.9 ± 0.05 63.0 

Urtica dioica 2.9 ± 0.03 176.0 

Data represents, mean (±.S.D) of 3 samples each. 

Occurrence of pathogenic bacteria 

Samples of wild leafy vegetables were examined for the presence of 

Listeria sp., Salmonella sp., and Shigella sp. using the selective media. None 

of these pathogenic bacteria were detected in samples analysed. The count 

of enterobacteriaceae and Staphylococcus aureus in Amaranthu virdis and 

Chenopodium album was recorded at the level of 101 cfu/ g. The detection 

level of Bacillus cereus was less than 10 cfu/ gin few samples (Table 16). 
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Table 16. Microbial load of pathogenic bacteria in selected common and less 
familiar wild leafy vegetables of Sikkim 

Log cfujg sample 

= ~ en en .. ~ 1:"< ;:, 
gl !:1' , 

i Wild leafy vegetable =: g.. lil' l. - §: o:q· ;:, 

= c ;: ~ .. ::1 " ~ "' , -... ;:, " ;; c , 
"' - !;; B ~ ::1. ., ;; .p "' .. 'J:l "' ~ = , 

'J:l "' "' .. 
"' 

Amaranthu virdis Unn. 0 1.0± 0.6 0 0 0 1.1 ± 0.4 

(n=7) 

Chenopodium album Unn. 0 1.2±0.1 0 0 0 1.0±0.1 

(n=8) 

Diplanzium esculentum (Retz.) 0 0 0 0 0 0 

(n= 6) 

Nasturtium officinale Brown 0 0 0 0 0 0 

(n= 7) 

Urtica dioica Linn. 0 0 0 0 0 0 
(n= 6) 

n, number of samples collected. 

0, less than detection limit of 10 cfu per gm 

Data represents the means (± SD) of number of samples. 
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Domestication Model: 

Foraging from wild is a seasonal activity, yet, it is a necessary 

activity in many remote villages of Sikkim. As such, foraging from wild 

induces several adverse effects on the environment. A study on the 

adverse effects of existing traditional practice of foraging from wild has 

shown the results as reflected in (Table 10). 

Table 10: Intensity of the adverse effects of foraging of selected common and less 
familiar wild leafy vegetables of Sikkim 

Adverse effects 

~ ~ = 
Ill .; 

Q 

:!-~ 
y ~ .. 

~ 
~ .. .. ~ ~ = Ill 

:a~ ;a ..a ll.~ Q ~ ... ., 
•M :g.fl .. Ill 0 til ..... ·.: .... Q ., .... "d Ill -- -~;;:] .. - :a.S 

:;::: ~ 
,.Q •M .. 

:> ft oM Q •M tl) 
"d ll. ~Ill Q :tl 0 .. .E ~ S:"d ::::a ~ ., ::: ·~ ...:I 

Sisnoo AAA AA AAA AAA AA AAA AAA 

Ningro AAA AA AA AA AAA AAA AA 

Simrayo AA AA AA AA AA AA AA 

Latle!j sag 0 0 0 0 A 0 0 

Bethu sag 0 0 0 0 A 0 0 

A, low intensity; AA, medium intensity; AAA ,high intensity; 0, not prominent 

1. Over exploitation of the species in their natural habitat. 

Due to high market demand of WLVs such as Urtica dioica, 

Diplazium esculentum and Nasturtium officinale the collectors with an 

intention to maximize the collection volume within a given time, 

160 



intentionally or un-intentionally over exploit the species causing an 

imbalance to the natural homeostasis of a particular ecosystem. 

Moreover, wt.Vs are collected at their immature stage of growth as 

the edible parts are tender leaves and tender shoots. 

2. Unscientific and indiscriminative foraging. 

Due to the lack of proper awareness, orientation and 

scientific approach, the collectors still practice the traditional 

method of collection of WLVs which could sometimes be 

unscientific and indiscriminative. The percentage of adulterant in 

the commercial variety of WLVs, often noticed in the market could 

be attributed to this. Poisonous adulterants, if ignored, may also 

result to food poisoning of the consumers. 

3. · Damage of other floral and faunal wealth in the collection site. 

The collections of WLVs generally engage both women folk 

and children. Due to the innocence and ignorance of the collectors, 

a visible degree of damage is caused to the floral and faunal wealth 

in the collection site. Moreover, collection is massive during spring 

season whereas, it is at this time the wild habitat in the Himalaya is 

under, · series of regenerative activities of floral and faunal 

population. 
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4. Pollution of drinking water sources 

The natural habitat of Nasturtium officinale is marshy places 

and streams. They are found luxuriantly growing in the spring 

water sources locally called pani ko muhan of the rural villages 

which in many situation solely support the drinking water need 

of several rural villages. Moreover, Nasturtium officinale is 

traditionally believed to help purify water at such drinking water 

sources. However, the indiscriminate human access and indulgence 

for foraging, at such drinking water sources, pollute both the water 

and surrounding environment which subsequently make the water 

unsafe for drinking to whole of the village. 

5. Distraction of wild faunal population 

Collection of WL Vs from its natural habitat indirectly 

encourages invasion to the forest and restricted areas of the state 

demarcated for wild life conservation. It is therefore observed that 

due to uncontrolled human invasion the wild animals are 

distracted at their natural habitat. The appearance of wild animals 

in the human inhabited areas, as observed quite often in the hills, 

could partly be attributed to this. 
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6. Spoilage of edible parts due to improper method of collection, 

packaging and transportation 

The collectors adopt the traditional method of collection, 

packaging and transportation protocol, without being much aware 

of the intensity of loss and damage to the nutrients, taste, texture 

and self life of the species collected and marketed subsequently. 

7. Involvement in violation of several environmental conservation 

laws 

Several biodiversity conservation and protection laws are 

strictly enforced in the state. Human trespass are strictly prohibited 

in many restricted and biodiversity conservation areas yet 

sometimes the WL V collectors are involved in the violation of such 

laws. 

B. Risk factors on the lives of gatherers and collectors 

WL V collectors and gatherers are often subjected to several risk 

factors of a wild environment such as accidents, attacks by wild 

animals and poisoning. These, altogether necessitates an urgent 

need for domestication of WLVs in the hills and thus an Ethnic 

Food, Health and Environment (EFHE) domestication model of 

WL V species, is proposed (Fig 12a & 12b ). 
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1. Health and food 
security. 

2. Co~rvation of ethnic 
food culture at local level. 

3. Popularization of ethnic 
food at global level. 

Global 

acceptance. 

Selection of plant 
species based on 

positive traits 
desired for 

domestication 

Pre-domestication cultivation 
with intensive research on 

population biology, habitat dynamics, 
microhabitat requirements, propagation 

and cultivation 

Local and socio- political 
acceptance. 

Inclus ion in lhe Governments' policy 

a nd programme of organic fann ing. 

Fig 12a. EFHE domestica tion model of WLVs. 
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Fig: 12b. (continued) EFHE domestication model of WL V. 
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DISCUSSION 



Documentation of traditional knowledge 

Living close to the nature, tribal communities have acquired 

immense information about the use of wild flora and fauna which is not 

known to the outer world. This rich knowledge, if subjected to scientific 

scrutiny could benefit the mankind in many ways Gain and Tiwari, 2012). 

Consumption of Wild Leafy Vegetables (WLVs) is the dietary culture of 

ethnic people of Sikkim where livestock and WL V play important role in 

the socio-economic life of hill people. While, few of the plants consumed 

for their leaves may be high in their fat content, others are rich in proteins; 

most of them are good sources of multi vitamins and minerals (Sundriyal, 

2003). Urtica dioica, Nasturtium officinale and Diplazium esculentum are 

commonly consumed by majority of people from all age groups while 

Amaranthus viridis and Chenopodium album are mostly preferred by elder 

generation. Wild vegetables are generally held in low esteem by younger 

(and supposedly more modernized) members of the community (Modi et 

al., 2006). All the five selected species are used for enthnomedical (EM) 

values. Among different plant parts, generally higher nutrient 

concentration is recorded in leaves (Sundriyal and Sundriyal, 2001). Wild 

food plants (WFPs) contribute to the nutrition, economy and even cultural 

identity of people in many parts of the world (Ghorbani et al., 2012). 

Different factors determine the preference and use of WEPs such as 
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abundance, availability, cultural preference, economic conditions, 

shortage periods or unsecured food production systems. Understanding 

and knowing the patterns of selection, use, cultural significance and value 

of wild food plants for local communities is helpful in setting priorities 

for conservation and/ or domestication of these plants (Ghorbani et al., 

2012). The plants in natural habitat are less familiar to the present day 

younger generation, unless, they are involved into its commercial 

transaction. Transmission of traditional knowledge from the elder 

generation to the younger generation is quite low. Many indigenous 

communities abandon or change their traditional customs and thereby 

lose their plant knowledge over time (Benz et al., 2000; Byg and Balslev, 

2001; Ladio and Lozada, 2003). The systematic documentation of 

indigenous knowledge regarding the identity and use of wild foods by 

rural communities is now an urgent need (Manandhar, 2002) because 

both indigenous knowledge and the biological resources are diminishing 

with habitat destruction and a disinterest among the younger generation 

(Acharya and Acharya, 2009). 
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Documentation of common and less familiar WLVs consumed by 

different ethnic people of Sikkim. 

A total of 26 wild leafy vegetable species are observed to be cooked 

and consumed in different forms by the ethnic people of Sikkim. Out of 26 

species, 16 herbs, 4 trees, 1 shrub, 1 under shrub, 2 climbing, shrubs 1 

grass and 1 fern have been documented through primary and secondary 

data sources. Tribals mostly eat vegetables of leafy varieties, which grow 

as wild weeds (Nutrition news, 1996). Out of 26 species, 5 species viz: 

Amaranthus viridis Linn. (lattey sag) (Amarantheceae), Chenopodium album 

Linn. (bethu sag) (Chenopodiaceae), Diplazium esculentum Retz.) Sw. 

(ningro) (Athyraceae), Nasturtium officinale Brown. (simrayo) (Brassicaceae) 

and Urtica dioica Linn. (sisnoo) (Urticaceae), has been prioritized and 

documented for detail assessment. Such foods of Sikkim if studied 

properly, mainly on anH-oxidant properties and other bio-active 

compounds, may find place in the global markets (Rai et al., 2005) 

Availability season 

The WLVs prioritized for detail assessment are available at 

different availability intensity in the urban and rural markets during the 

months of March-August every year. The poor people in remote villages 

consume several other WLVs at the time of food and vegetable scarcity. 
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During food scarcity period, people from urban and rural communities 

heavily depend on gathering these vegetables from their natural habitats 

(Manandhar, 1982). Consumption of WLVs could be by choice, chance, 

tradition, taste, necessity, knowledge or any other ethnical values known 

to the natives of the Himalayas. A large share of rural population is 

meeting their nutritional requirement through nonconventional means, 

by consuming various wild plants and animal resources (Singh and 

Arora, 1978). 

It is during the crucial hours of food and vegetable scarcity in the 

Himalaya, due to the torrential monsoon rain, landslides and other 

natural calamities the less familiar and common wild, non-conventional 

leafy vegetable, such as Amaranthus viridis Linn. locally known as Lattey 

sag or Iunde sag, Diplazium esculentum (Retz.) Sw. locally called as Ningro, 

Nasturtium officinale Brown. locally known as simrayo, Chenopodium album 

Linn. locally called as Betu sag and Urtica dioica Linn. locally known as 

sisnoo, also enter into the food basket of the Sikkimese ethnic groups. In 

times of scarcity or when the staple food is in short supply, people are 

mostly dependent upon various species of wild plants (Sinha and Lakra, 

2005). In Sikkim Himalaya the natives consume nearly 190 such wild 

edible species (Sundriyal, 1999). 
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Ethnic importance: · 

Though clinical study of wild edible plants has not been carried 

out, people strongly believe, they have certain therapeutic values (Rai et 

al., 2005). Lattey sag is used as WLVs, fodder for livestock and as ethno

medicines in TSM. The Nepalese in traditional system use Amaranthus 

viridis to reduce labour pain and act as antipyretic (Kirtikar and Basu, 

1987). Various parts of the nettle plant can be used as food, medicines, 

fibers, cosmetics and in industry and biodynamic agriculture and is also 

very important plant for wildlife (Sheikh and Sumaira 2007). 

In ayurveda Chenopodium album is reported to be useful in curing 

anorexia, cough, dysentery, diarrhea, oedema, piles and kills small worms 

(Bakshi et al., 1999). The entire plant is commonly used for food and 

medicinal values and it grows in waste places and as weed in wheat or 

other crops fields, in almost all parts and is used as sag, in bathua roti and 

bathua paratha (Bakshi et al., 1999). The plant extract of Chenopodium album 

has also been identified to contain free radical scavenging activity and 

might have some use in cancer treatment (Kumar and Kumar, 2009). 

Dried fronds of Diplazium esculentum are reported to be preferred animal 

bedding material during winter season. Several of these species have 

market value, but only Diplazium esculentum and Megacarpaea polyandra 

are actually sold or purchased as fresh vegetables in the study villages. 
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(Maikhuri, 2008). Some wild edible plants are used on a daily basis in 

one region or by a community, while being considered as weed in other 

areas or by other communities (Ghorbani, et al., 2012). Stinging nettles can 

be planted alongside of gardens to help control pests such as Chamaepsila 

rosae (carrot fly), aphids and black flies. These insects often prefer eating 

Urtica dioica instead of carrots and other garden produce allowing the 

produce to thrive. Thus, planting nettles can allow for alternative, organic 

gardening methods that eliminate the need to use pesticides 

(anonymous). Urtica dioica stems are very fibrous and have been used by 

humans for hundreds of years to make rope and cloth. This practice of 

weaving nettles into fabric was even displayed in Hans Christian 

Andersen's fairytale The Princess and the Swan, where the princess used 

nettles to weave several coats by midnight. 

Ecological distribution 

Out of 26 wild leafy vegetables documented, 16 are herbs, 2 

climbing shrubs,1 shrub, 1 under shrub, 4 trees, 1 grass and 1 fern. Urtica 

hyperborean Jacq. (Urticaceae) is available in an altitudinal range as high 

as 13000-16700 ft. Majority of these WLV species are available in the mid 

hills and mid upper hills, 2900-6500 ft and 4900-8200 ft, respectively. 
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Similarly, the selected five, common and less familiar wild leafy 

vegetables are distributed up to an altitudinal range of 6000 ft. 

(Amaranthus viridis), 12000 ft. (Chenopodium album), 8000 ft. (Diplazium 

esculentum), 12000ft. (Nasturtium officina/e) and 7000 ft (Urtica dioica). 

Chenopodium album Linn. is found in areas around Mumbai, Kashmir, 

Sikkim and throughout Pakistan (Baquer et al., 1989). Urtica dioica Linn is 

found up to 9000 ft (Rai et al., 2005). Diplazium esculentum (Retz.) Sw. 

(fern), commonly known as ningro is found up to 8000 ft during March to 

December ( Tamang, 2005). Amaranthus viridis is found at 4200 ft. Goshi et 

al., 2007). Nasturtium officinale Brown. and Chenopodium album Linn. are 

found up to 12000 ft. (Rai, et al., 2005). The five selected WLV species 

therefore showed a wide range of ecological distribution. The Sikkim 

Himalaya forms a part of the Eastern Himalaya and covers an elevation 

range of 984-28139 ft. above sea level. The climate is humid with high 

rainfall and the area exhibits luxuriant vegetation (Sundriyal and 

Sundriyal, 2000). 

Foraging 

Except sisnoo all others are collected by plucking with hand or by 

uprooting the young plant: All the selected wild leafy vegetables are 

collected and gathered from their natural habitats. Foraging of sisnoo and 
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ningro is comparatively technical and harder. Local people do not put any 

value to their own labour. And therefore even the low income in the form 

of hard cash, is considered as good profit because often the collectors are 

directly involved in selling of the produce (Sundriyal and Sundriyal, 

2000). 

Socio-economy 

Out of 26 WLVs documented nearly 8 reach the commercial market 

out of which the selected 5 species are preferred and consumed widely by 

the ethnic people of Sikkim. All the five WLVs have their specific 

importance in EM and TSM. All the five WLVs are used in moderate or 

large quantity for consumption by the ethnic communities of Sikkirn. It is 

interesting to note that collection of WLV is generally done by the female 

folk of the villages. Women were found to play a major role in the 

collection and preparation of wild leafy vegetables, whereas men and 

youth generally do not harvest or prepare wild vegetables {Modi et al., 

2006). It is equally interesting to note that in all the four districts the 

percentage of female vegetable vendors dealing with the marketing of 

wild leafy vegetables are higher than that of male. Historically, the 

collecting of leafy vegetables and the knowledge associated with this 

practice was a female domain among both the Khoisan (Fox and 
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Norwood, 1982; Parsons, 1993) and the Bantu-speaking tribes Gansen et 

al., 2004). In contemporary South Africa this practice continues to. be 

associated with women. However, the available evidence indicates that 

once a particular plant species becomes domesticated and is grown as a 

crop, men readily become involved, especially when its production is 

commercialized (Van Averbeke and Juma, 2006 a). As such, the female 

vendors involved in the trade of WLVs in the Sikkim Himalaya are 76.25 

% and male 23.75 %. This indicates a positive trend of traditional 

knowledge transmission, economic empowerment and participation in 

economic kinetics of rural lives in the hills. Leafy vegetables also tend to 

be regarded as a female food, but gender distinctions in terms of their 

consumption are much less universal than in terms of their collection 

(Whitbread, 1986; Hart and Vorster, 2006). The women and children 

collect plants while on their way to work in the fields and surrounding 

areas of their work place (Farooque, 2002). Also, interesting to note that 

there is no governmental control and intervention over the market price 

of WLVs commercialized in the Sikkim yet it is at a reasonable growth 

within the purchasing capacity of the people. Except Amaranthus viridis 

and Chenopodium album which are of moderate demand, Diplazium 

esculentum, Nasturtium officinale and Urtica dioica are of high demand in 

all the major, urban and rural markets of Sikkim. Nasturtium officinale, 
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Diplazium esculentum and Urtica dioica are all of high demand· and 

accordingly the supply of these species are at par. 

Out of 43 wild edible species that are sold in the three markets, S. 

axillaris was sold in the highest quantity followed by M. edulis, Diplazium 

esculentum, Urtica dioca, E. latifolia, Dendrocalamus hamiltonii, Agaricus sp. 

and B. sapida (Sundriyal and Sundriyal 2003). Amaranthus viridis and 

Chenopodium album are found growing luxuriantly in crop fields as weeds 

yet some people have started its small scale cultivation as a semi -

domesticated vegetable crop in home gardens and homesteads for 

meeting both commercial and domestic demand. As such the main 

supply source of Chenopodium album and Amaranthus viridis to meet the 

market and domestic demand is the crop fields and home gardens. It is 

found growing as weed in crop fields (Kumar et al., 2007). In maize, major 

source of allelochemicals is root exudates and maize is allelopathic to 

Chenopodium album, Amaranthus sp. (Das, 2001). While the main source of 

supply of Diplazium esculentum, Urtica dioica is still the wild habitat. 

Nasturtium officinale is collected from both its natural and semi

domesticated habitat. Major supply of Chenopodium album and Nasturtium 

officinale to the urban markets is observed to be from the agriculturally in

habitat regions situated in the peri-urban areas. Due to high market 

demands, some farmers have started rearing a few species that are still 
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found in wild habitats. Though in small numbers, these species are also in 

the semi-domesticated stage. A few farmers are willing to maintain wild 

edible plants in the private community forests (Sundriyal and Sundriyal, 

2003). WLVs have a significant share of economic return in the socio

economy of Sikkimese ethnic people. There is a significant growth in the 

market price of these WLVs. In 2001, per mutta urban market price of all 

five WLVs was Rs 2. In 2011, the per mutta price has increased to Rs.15. 

Similarly in rural markets lattey sag, bethu sag and simrayo per mutta 

market price were Rs.1 and that of sisnoo and ningro were Rs.1.50 where 

as in 2011, the price increased to Rs.12 for lattey sag and Rs.15 for bethu 

sag, sisnoo, ningro and simrayo. This shows a very high rise in price of 

about 7.5-10 times, within a decade. Since 1981 to 1996-97, the prices of 

various wild edible species have gone up by 3 to 6 times, at Gangtok 

(Sundriyal and Sundriyal, 2000). This indicates growing popularity, 

acceptability, preference and larger consumption volume of these wild 

leafy vegetables by the ethnic people of Sikkim. Except for labour cost, 

time and space these WLVs are almost zero investment economic-gain to 

the rural ethnic people of the Sikkim Himalaya, as they are collected from 

their natural habitat. According to Rai et al. (2005) the ethnic people of 

Sikkim, usually collect the edible wild plants from their natural habitats 

and sell in the local markets. In most cases, 100 % profit is made out of 

selling these plants. The profit is used for livelihood. 
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The results of assessment on, ethnic community-wise edibility 

acceptance percentage amongst the younger generation of 20-24 years age 

group has shown that, ningro and sisnoo are consumed by almost all the 

younger generation belonging to the three ethnic communities of Sikkim 

and the percentage range has been estimated within 82.2-90 %. The 

edibility acceptance percentage of Simrayo was also found to be almost 

equal for all the three ethnic communities which was within the range of 

85.5-87.7 %. Use of wild edibles as a supplement in the delicious 

indigenous cuisine of ethnic Bhotiya tribes is promising (Maikhuri et al., 

2001). Consumption of bethu is higher amongst Nepali younger 

generation with 55.5 % while 35.5% and 27.7 % of Lepcha and Bhutia 

younger generation respectively. It is quite interesting to note that 42.2 % 

of younger generation belonging to Nepali community accepts the 

edibility of lattey sag and only 28.8 % and 20 % values estimated for 

Lepcha and Bhutia communities respectively. The state of Sikkim is rich 

in cultural and biological diversity and the ethnic groups differ from each 

other in their food habits, dresses and living styles (Sundriyal and 

Sundriyal, 2000). 
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Mode of consumption 

The major diet of Sikkimese ethnic people are rice, dal, one or two 

varieties of vegetable preparations, meat/ egg, pickle, milk and milk 

products. The percentage of non- vegetarian is higher than vegetarian 

people. Tamang (2007) has recorded that 11.7 % of people in Sikkim are 

vegetarian and 88.3 % are non-vegetarians. 

Typically, the ethnic people in rural villages traditionally consume 

two heavy diets, morning lunch locally called be/zan ko bhat and evening 

dinner locally called belka ko bhat with a day time snacks locally called 

khaza (boiled tubers, beaten rice, roti etc.) and tea, in the late afternoon. 

Regular intake of fruits in rural villages is not much practiced. Therefore, 

the required vitamins, minerals and fibers are traditionally supplemented 

through the intake of leafy vegetables. 

The WLVs are consumed as potherbs, side dish, and relish with 

every other food items prepared for consumption. Bethu sag and Lattey sag 

are generally 'prepared with potatoes or meat. Sisnoo is prepared as 

potherb and soup. Bhutia community generally prefers to consume sisnoo 

with meat. Simrayo is prepared as a side dish, curry or soup. It is also 

prepared with potato and meat. Ningro is consumed as a side dish, curry 

and achaar. Ningro curry is mostly preferred with churpi (a fermented milk 
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product) or potato. Young fronds of Diplazium esculentum are eaten as 

vegetables, sometimes with chhurpi, a traditional cheese-like product 

(Tamang, 2005). 

Nutritional composition 

Traditionally wild edible species have been meeting the protein, 

carbohydrate, fat, vitamin, and mineral requirement of the local residents 

to a greater extent (Sundriyal, 1999). All the five selected species come to 

the market and are sold, therefore information on the chemical 

constituents of these food plants adds to the existing knowledge about the 

nutritional values of wild leafy vegetables in the Himalaya. Wild edible 

plants are also good source of vitamin-C (Sundriyal et al., 2001) 

The moisture content was high (> 90 % wet weight) in the leaves of 

Diplazium esculentum and Nasturtium officinale and 86.7 %, 84.8 %and 84.5 

% in Amaranthus viridis, Chenopodium album and Urtica dioica respectively. 

These values were within the range estimated for some wild edible plants 

reported by Vishwakarma and Dubey, (2011) and Rai et. al., (2005). 

Among all vegetables, the lowest value for moisture content was 

observed in white goosefoot (Chenopodium album) 71.3 % (Khanzadi, 201 1). 

Ejoh et al. (2007) 

reported that non conventional leafy vegetables contain as high as 89.01 % 

water. High moisture content provides for greater activity of water 
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soluble enzymes and co-enzymes needed for metabolic activities of leafy 

vegetables (Iheanacho and Udenbuani, 2009). The high moisture content 

of vegetables makes them to aid the digestion of food. Their shelf life is 

very short because the high moisture facilitates bacterial action resulting 

into spoilage (Olaiya and Adebisi, 2010). It may be due to the high 

moisture content, as such Diplazium esculentum and Nasturtium officinale 

are the most perishable amongst the five selected WLVs. Ash content 

which is an index of mineral contents in biota (Adepado, 2011) varied 

from 12.2-24.9 % DM. Except in Amaranthus viridis, the values were 

higher than the values reported for other edible leaves such as Veronia 

colorate (15.86 % DM) and Moringa oliefera (15.09 % DM) as reported by 

Lockett et al. (2000). These results were in agreement with the results of 

Ajayi et al. (2006) who reported an ash content of some leafy vegetables 

that ranged from 0.6-34 %. Crude fiber was estimated highest in the 

leaves of Urtica dioica (13.2 %) fallowed by Chenopodium album with 12.9 

%. Lowest crude fiber was estimated in Diplazium esculentum with 4.6 %. 

These values were within the range, 8.50-20.90 % reported for some 

Nigerian vegetables by !song and Idiong, (1997). Dietary fiber helps to 

prevent constipation, bowel problems and piles (Asaolu et al., (2012). Fat 

content was determined quite low in all the five selected species. The 

highest fat content was recorded in Nasturtium officinale (9.6 %) fallowed 

by 8.3 and 5.2 % in Diplazium esculentum and Urtica dioica respectively. 
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Diplazium esculentum is rather a good source of protein (Irawan, et al., 

2006). According to Handique, (1993), young leaves of Diplazium 

esculentum contain low fat and a moderate amount of fiber. Much low fat 

content was estimated in Chenopodium album and Amaranthus viridis, less 

than 5 %. Crude fat content of Amaranthus viridis (0.47 %) were lower 

when compared to that of the Moringa leaf (2.63 %) (Sharma et al., 2012). 

Except Nasturtium officinale and Diplazium esculentum, the fat content of 

other three WLVs were found to be less than the range 8.3-27.0 % DM 

reported by !song and Idiong, (1997) for some vegetables consumed in the 

Republic of Nigeria. A diet providing 1-2 % of its caloric energy as fat is 

said to be sufficient to human beings, as excess fat consumption yields to 

certain cardiovascular disorders such as atherosclerosis, cancer and aging 

(Davidson et al., 1975). All the five selected species showed quite 

remarkable percentage of protein. It was determined highest in the leaves 

of Nasturtium officnale with 33~8 % fallowed by Diplazium esculentum with 

31.2 % and Urtica dioica with 28.5 %. The leaves and twigs of sisnoo have 

high content of protein (Rai et al., 2005). Protein content in Chenopodium 

album and Amaranthus viridis were estimated as 23% and 19.8 % 

respectively. Gopalan et al. (1971), has also reported 7% to 32% protein in 

common leafy vegetables in India. Plant food that provides more than 

12% of its calorific value from protein is considered as a good source of 

protein (Pearson, 1976). In that context, all the five WLVs contain more 
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than 12 % protein hence can be considered as good sources for protein for 

human diet. The protein content percentage range of top 20 leafy 

vegetables (wet matter basis) by protein is 3.75 % in Lepidium sativum to 

7.6 % in Sauropus androgtjnus (Chapman and Hall, 1997). Urtica dioica, 

Chenopodium album and Nasturtium officina/e thus compete with these 

exotic leafy vegetables of the world. Carbohydrate content varied from 

31.7-64.6 %.Highest carbohydrate content was determined in Amaranthus 

viridis. Gopalan et al. (1996) reported 20.0-66.8 % carbohydrate in some 

conventional Indian leafy vegetables. The energy expressed in terms of 

calorific value (food value) varied from 343.0-376.7 kcal/100 g DM. Diplazium 

esculentum was determined to have the highest calorific value of 376.7 

kcal/100 g amongst the five selected species, followed by Amaranthus 

viridis having 368.2 kcal/100 g. Lowest calorific value was estimated in 

Chenopodium album with 343.0 kcal/100 g. These values support the 

previously reported findings of Vishwakarma and Dubey, (2011) within 

the range of 134.6-431.6 kcalj100 g. 

Minerals 

Consumption of wild leafy vegetables as a source of micronutrients 

in many tropical areas is significant in small children's diet to ensure 

normal growth and intellectual development (FAO, 2010). Sodium and 

potassium are important intracellular and extracellular cations 
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respectively. Sodium is involved in the regulation of plasma volume, 

acid-base balance, nerve and muscle contraction (Akpanyung, 2005). 

Potassium was the most abundant element estimated within the 

range of 917.2-382 mg/100g in the samples investigated. Sodium content 

was recorded within the range of 7.4-68.8mg/100g which suggested the 

possibility of incorporating the selected WLVs into the diets of obese 

patient. These values are in agreement with the results reported for edible 

wild plants of Sikkim by Rai et.al. (2005)." Sodium concentrations in the 

samples were low in comparison to the concentration of potassium. This 

result agreed with the results reported for leafy vegetables (Hassan and 

Umar, 2006; 2008). Calcium content values were estimated within the 

range of 24.7-192.7 mg/100g. These values are similar to those reported in 

common green leafy vegetables of Peshawar District of Pakistan by 

Nasiruddin et al. (2012). 

Iron content of selected WLVs was estimated within the range of 

5.4-11.2 mg/100 g. These values were found to be within the range 

estimated by Pankaj and Dibakar (2013) for some wild green leafy 

vegetables of North-East India. The consequences of iron deficiency 

include reduced work capacity, impairments in behavior and intellectual 

performance and decrease resistance to infection (Dioxin and Harris, 

2004). Sufficient amount of elemental Copper were present in the samples 

tested. The copper content was within the range of 0.32-1.22 mg/100 g. 
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Copper content values estimated for Diplazium esculentum, Nasturtium 

officnale and Urtica dioica were similar to those estimated for some leafy 

vegetables consumed in Kano, Nigeria by Mohammed et al. (2011 ), while 

Amaranthus viridis and Chenopodium album had slightly higher values of 

Cu content. Zinc was present within the range of 2.04-9.73 mg/100 g. Our 

results for Copper and Zinc were in close agreement to Singh et al. (2001) 

who r~ported 0.8-1.9 copper and 1.8-10.2 mg 100-1 g Zinc J.n different leafy 

vegetables. The difference in copper level could be due to the fact that 

many soils are geographically deficient in certain minerals and therefore 

foods plants grown in them lack those nutrients (Mohammed and Sharif, 

2011). A similar problem can be caused by over farming or poor soil 

management (Nielson, 1996). Magnesium content was determined within 

the range of 0.22-0.48 %. The differences in the mineral content of the 

vegetable plant might be due to soil compositions and the rate of uptake 

of minerals by indiyidual plant (Anjorin et al., 2010; Asaolu and Asaolu, 

2010). 

Vitamin-C 

The vitamin-C content in the selected common and less familiar 

leafy vegetables were recorded within the range of 3-44 mg/100 g. 

Similar observations have been recorded by Gupta et al. (2005) who 

reported 3-295 mg 100-1 gin thirteen locally available vegetables. 
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Antioxidant capacity 

Free radicals are involved in many disorders like 

neurodegenerative diseases, cancer and AIDS. Antioxidants through their 

scavenging power are useful for the management of those diseases. 1,1-

diphenyl-2-picrylhydrazyl (DPPH) stable free radical method is an easy, 

rapid and sensitive way to survey the antioxidant activity of a specific 

compound or plant extracts (Kaleva et al., 2002). The model of scavenging 

the s~able DPPH is a widely used method to evaluate antioxidant 

activities compared to other methods (Potterat, 1997). DPPH stable free 

radical method is an easy, rapid and sensitive way to survey the 

antioxidant activity of a specific compound or plant extracts (Kaleva et al., 

2002). 

At 10 ]lg/ml of methanolic extracts of plant samples the highest 

inhibition percentage was determined in Amaranthus viridis (38.39 %) and 

lowest was recorded in Urtica dioica (27.24 %). Similarly at 100 ]lg/ml the . . 

inhibition percentage value of Amaranthus viridis was estimated as 61.87 % 

and that of Urtica dioica was 53.19 %. The DPPH free radical scavenging 

activities (inhibition percentage) of 100 ]lg/ml methanolic extract the 

selected common and less familiar WLVs decreased in the following 

order : Amaranthus viridis > Chenopodium album > Diplazium esculentum > 

Nasturtium officinale > Urtica dioica. The highest antioxidant activity was 

therefore shown by Amaranthus viridis (ICso 38 J.lg/ml) and lowest was 

201 



shown by Urtica dioica (ICso 87!lg/ml). The methanolic extracts of selected 

five WLVs exhibited ICso values below 100 p.g/ml, indicating to have very 

good potential as free radical scavengers. Similar result has been reported 

in some uncommon vegetables of Pakistan by Khanzadi, (2011). The 

methanolic extract of all the plants under investigation exhibited different 

extent of antioxidant activity and thus provide a valuable source of 

nutraceutical supplements. 

Total Phenolic Content 

Phenolic compounds are generated by plants in response to 

environmental stress. It has been reported that light stimulates the 

synthesis of flavonoids, especially anthocyanins and flavones via 

phenylalanine ammonia lyase (PAL) (Dixon and Paiva, 1995) and 

phenolics are thought to provide a means of protection against UV-B 

damage and subsequent cell death by protecting DNA from dimerization 

and breakage (Strack, 1997). Therefore plants in high-mountain areas 

which are exposed to a number of stress factors such as low air 

temperature, decreased partial pressure, increased UV radiation and 

unfavorable water regime have generally increased accumulation of 

antioxidants such as flavonoids (Chanishvili et al., 2007). 

A wide variation in the amount of total phenolic content ranging 

from 18-176 mg/g in GAE, was observed in the samples investigated. The 
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total phenolic content of methanolic extract of selected five WLVs 

decreased in the following order: Urtica dioica > Chenopodium album > 

Amaranthus viridis > Nasturtium officinale > Diplazium esculentum. The TPC 

of Urtica dioica was recorded about 9.7 times higher than that of Diplazium 

esculentum. Several factors such as environmental, climatic, or geographic 

factors as well as extraction techniques may significantly influence the 

quality and the quantity of phenolic components present in nettle (Zoran 

et al., 2012., Ozkan et a/.,2011; Pourmorad et al., 2006). 

Although some studies have demonstrated a correlation between 

phenolic content and antioxidant capacity (Yang et al., 2002), in general 

our results show no correlation between total phenolic content and 

antioxidant activity. As such it is in agreement with several the other 

findings. Bajpai et al. (2005); Modarresi et al. (2009). reported no correlation 

between total phenolic content and antioxidant capacities of a number of 

medicinal plant extracts. Some plants showed high phenol contents but 

comparatively low DPPH activity (Khanzadi, 2011). No correlation 

between total phenolic content and antioxidant capacity in our plant 

samples is possible owing to the presence of the following factors: the 

antioxidant capacity observed was not solely from the phenolic contents, 

but could possibly be due to the presence of some other photochemical 

such as ascorbic acid, tocopherol and pigments as well as the synergistic 

effects among them, which also contribute to the total antioxidant 
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capacity. According to Winston, (1999), the leafy part of the vegetables 

contain the active component which consist of the flavonoid, terpenoid, 

lignan, sulphide, polyphenol, carotenoid, caumarin, saponin, curcumin 

and sterol. 

Pathogenic bacteria 

The count of enterobacteriaceae and Staphylococcus aureus in 

Amaranthu virdis and Chenopodium album was recorded at the level of 101 

cfu/ g. The detection level of Bacillus cereus was less than 10 cfu/ g in few 

samples. These pathogens might have introduced during handling. 

Otherwise, no other pathogenic bacteria such as Listeria sp., Salmonella sp., 

and Shigella sp., were detected in the samples analyzed. Small number of 

Bacillus cereus in foods is not considered significant (Roberts et al., 1996). 

Domestication model 

Today, we rely on a narrow range of foods which additionally was 

selected for a narrower and lower spectrum of phytochemicals. Useful 

biochemical and minerals may fall short in our westernized urban 

culinary scheme. Wild natural habitat is the major source of foraging of 

WLVs in the sub-himalayan region. Local inhabitants incur both socio

economic return and environmental return from this source. However, 

over exploitation of these sources lead to several adverse effects which 
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has subsequently led to the irreparable loss of biodiversity and 

marginalization of wild bio resources and environment. There are large 

numbers of wild plants that are being exploited at maximum level. It is 

very difficult to answer how could the harvest levels be reduced, income 

of local residents is increased and conservation is ensured for wild edible 

plants (Shanker et al., 1998). 

Under this situation, these wild leafy vegetables are to be minutely 

focused for intensive research and wide literature corpus, field works, 

aspects on people-plant interaction, and socio-political negotiations. 

Results of these parameters should firmly justify the selection of plant 

species based on positive traits desired for domestication. This shall be 

followed by pre-domestication cultivation which is subjected to intensive 

research on population biology, habitat dynamics, microhabitat 

requirements and propagation and cultivation prospects. Once all these 

are ascertained, the plant is decided for domestication. Successful 

domestication leads to local and socio-political acceptance which in tum 

receives governmental concern and eventually gets included in the 

governmental programmes and policies. Use of wild edible plants as a 

supplementary food resource holds promise. This aspect needs thorough 

investigation, so that economically important species are promoted for 

domestication. (Sundriyal and Sundriyal, 2003). Some progressive farmers 

have started rearing a few selected species in the private or community 
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forests if planting materials are made available to them. Such attitudes of 

the farmers need to be harvested for adoption of these species in 

traditional agro forestry systems and subsequently in enterprise 

development (Sundriyal and Sundriyal, 2000). Modi et al. (2006) stated 

that cultivated lands are more suitable for the growth and development of 

wild leafy vegetables, and the availability of wild leafy vegetables could 

therefore be enhanced by cultural practices associated with crop 

management. Liphadzi and Kirkham, (2006) argued that production of 

wild leafy vegetables in home gardens or availability thereof in local 

markets would be advantageous as these vegetables are relatively 

drought tolerant and grow on soils of limited fertility (Shiundu, 2002). 

Crop production systems should aim to increase the use of under

exploited natural resources such as traditional food crops (FAO, 1997). 

Conclusion 

Traditional knowledge, knowledge on ethnic values, data on 

ecological distribution, socio economy and documentation of wild leafy 

vegetables of the Sikkim Himalayas is sparse outside this region. 

Foraging from wild is an age old tradition of the ethnic communities of 

this Sub-Himalayan region however; it has several adverse effects as 

identified during the study. 
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The present study has shown that the wild leafy vegetables 

examined are nutritionally rich in terms of calorific value, fiber content, 

protein content, mineral content, vitamin-C content, low fat content 

which altogether indicate the potentiality of these WLVs as good source 

of non-conventional vegetables. Due to their demonstrated nutritional 

qualities they can help to overcome nutritional deficiency. The results on 

antioxidant activities and total phenolic content reasonably support their 

ethnomedicinal values and that they can be consumed for normal growth 

and adequate protection against several diseases. The study on 

marketing and socioeconomic profile has surfaced out the commercial 

viability of all the wild leafy vegetables examined. Moreover, the study 

on gender percentage has shown a clear avenue of womens' economic 

empowerment. Based on the synergetic inference of all these results we 

believe to draw that these selected common and less familiar wild leafy 

vegetables can be introduced for further intensive research including the 

antinutritional or toxicological factors and biological evaluation of the 

nutrient contents and subsequently in the line of pre-domestication and 

domestication strategy as proposed in the Ethnic Food, Health and 

Evironment (EFHE) model of WL V species, domestication. 
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SUMMARY 



The major objective of this thesis were twofold: (a) the ecological 

distribution and socio economy of the common and less familiar wild leafy 

vegetables consumed by the ethnic people of the Sikkim Himalayas, and (b) 

the nutritional value of some common and less familiar wild leafy vegetables 

consumed by the ethnic people of the Sikkim. Out of 26 WL V s documented, 

05 species were prioritized for detailed assessment. During the first phase a 

substantial documentation has been made on the ecological distribution and 

socio-economy of WLVs consumed by the ethnic people of Sikkim. 

Traditional knowledge of the ethnic people on the ethnic value, foraging, 

mode of consumption, culinary, trade and prospects of the selected common 

and less familiar WLVs were well documented. All these WLVs were 

recorded to have important bearing in the food habit and food security of 

ethnic people of the Sub-Himalayan region. 

A major emphasis in this thesis has been the analysis of nutritional 

value of the selected common and less familiar WLVs. The investigations 

included the analysis of proximate composition, food value, mineral 

estimation, estimation of vitamin-C content, estimation of antioxidant 

activity, estimation of total phenolic content and examination on the 

microbial safety of five selected common and less familiar WL Vs. 
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For the selected WLVs Amaranthus viridis, Chenopodium album, 

Diplazium esculentum, Nasturtium officinale and Urtica dioica, a wide range of 

adaptability with their specific ecological habitat from a cultivated field to a 

wasteland, home garden to a reserve forest, ditches to a stream and a 

furrow to the vertical margins of the field were recorded. In terms of 

altitudinal distribution, these WLVs were found luxuriantly growing from 

an elevation of 1000 ft to 12000 ft and were found to have distribution 

efficiency across the low hills to upper hills of the Himalaya. All the selected 

WLVs were recorded to have their specific ethnic value, socio-economic 

importance and were detected to be the vegetables generally available 

during the time of scarcity and emergency. All the selected species appeared 

to be multi-prospective plants and were found to be consumed by all the 

ethnic communities in large quantity. The market demand of Amaranthus 

viridis and Chenopodium album were found to be moderate while Diplazium 

esculentum, Nasturtium officinale and Urtica dioica were of high demand. 

Continuous rise in the market price, high demand and high supply equation 

with moderate or high edibility acceptance by the ethnic younger generation 

were observed to be the indicators of growing popularity and commercial 

viability of the selected five WLVs in the Himalayan region. Foraging and 
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trade of such WLVs in the hills were mostly done by the female members of 

the family. 

With an aim towards ascertaining the nutritive value, different 

parameters were considered for investigation. All the five WLVs studied 

were found to have high protein content, high crude fiber content and high 

calorific value with comparatively low fat content The findings indicated 

that the WLVs studied, could be identified as good quality greens for 

nutrient supplement and human health management. With an objective to 

examine the variability in mineral content the WLVs were subjected to 

different test parameters. The findings indicated that the WLVs studied 

could make significant contribution to the recommended dietary allowances 

for the nutrients. 

Similarly with the objective to find out the phytonutrient content, the 

selected WLVs were investigated for antioxidant activity, total phenolic 

content and vitamin-c content. All the five WLVs were found to exhibit 

moderate antioxidant activity with variability in total phenolic content and 

vitamin-c content Further, with an aim to ascertain the microbiological 

safety for human consumption, these wild leafy vegetables in raw state 

were examined for the occurrence of pathogenic bacteria such as Listeria sp., 

Salmonella sp., Shigella sp. Staphylococcus aureus and Bacillus cereus. The 
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results indicated that they were microbiologically safe for human 

consumption. Altogether it firmly establishes rich nutritional efficiency of all 

the five selected WLVs which can be recommended for human dietary 

supplement, nutritional management and medicinal alternatives. 

Having established the benefit exponents of the selected WLVs, their 

traditional method of foraging from wild habitat however, has been 

observed to have some serious adverse effects on the environment and its 

biodiversity. It was well felt that, it is very difficult to answer how could the 

indiscriminative foraging level of WLVs be reduced, food security and 

income of local residents is increased and biodiversity conservation is 

ensured for such wild leafy vegetables. 

Thus, with the benchmark of twofold objectives and observation on 

the adverse effects of foraging, an Ethnic Food, Health and Environment (EFHE) 

domestication model of WL V species, have been proposed in this thesis. 
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