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Introduction



1. INTRODUCTION

Forests are precious endowment of nature to mankind bountifully bearing 

omnifarious resources of sustenance of humans, besides ensuring ecological, 

security. The forests are the original habitats of tribal groups in India which are 

the repository of nutritious food that grow wild and are neither cultivated nor 

marketed. Tribals living as a part of nature exploited nature to meet their food 

demands. They depend on these natural flora especially during the lean months.

The tribal groups form an important and sizeable segment of the Indian 

population constituting 30 millions and they vary in terms of race, religion, 

culture, language, economic condition and dietary pattern. The problem of 

providing adequate nutrition is very important in the tribal areas as the dietary 

standards of tribals are low that their diet hardly provides the essentials of food 

elements like proteins, fats, minerals and vitamins in proper proportion.

Green leafy vegetables, which are rich in vital nutrients like vitamins and 

minerals, are more or less used as a staple food by the tribals. Tewari (1992) has 

reported more than 1650 leafy vegetables in the forests of tropical countries. The 

tribal population of Bihar and West Bengal were found to consume 70 varieties of 

leafy vegetables (Kumari, 2001). Some of their foods are uncommon to us and 

nutritionally superior to overcome the micronutrient malnutrition prevalent in our 

country and also to bring nutritionally superior varieties.

It is important at this context the exploitation of edible wild stock of flora 

rich in nutrients. To promote the conservation of plant foodstuffs especially the 

leafy vegetables consumed by the tribal communities and to bring them under 

cultivation for their sustainable utilization and proper documentation, the quality 

parameters have to be evaluated.
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Food based strategy to combat raicronutrient malnutrition prevalent among 

the vulnerable segments of the population involves special consideration of 

identifying optimal food sources of micronutrients and ensuring their availability.

No systematic study has so far been conducted in Kerala to evaluate the 

important parameters like nutrient composition, anti-nutritional factors and 

acceptability of tribal green leafy vegetables. Hence,the present study on ‘Quality 

evaluation of selected leafy vegetables consumed by the tribes of Wayanad 

district’ was attempted with the following objectives.

i. To analyse the nutritional constituents, anti-nutritional factors and 

other chemical constituents in the leafy vegetables

ii. To assess the acceptability o f the leafy vegetables



(Review o f Literature



2. REVIEW OF LITERATURE

Literature relevant to the study entitled ‘Quality evaluation of selected 

leafy vegetables consumed by the tribes of Wayanad District’ is reviewed under 

the following sections.

2.1 Nutritional importance of leafy vegetables

2.2 Composition of leafy vegetables

2.3 Anti-nutritional factors in leafy vegetables

2.4 Organoleptic evaluation of leafy vegetables

2.1 NUTRITIONAL IMPORTANCE OF LEAFY VEGETABLES

Leafy vegetables are abundant and cheapest of all vegetables within 

the reach of poor man and being rich in nutrients, they are classified under 

protective foods (Srilakshmi, 2001).

A wide variety of leafy vegetables like amaranth, drumstick, mint, 

curry leaf, palak, fenugreek, spinach and chekkurmanis are used as vegetables in 

India. The leafy greens of all the cole crops are rich sources of easily available P 

carotene, vitamin C, calcium and iron which help to prevent various nutritional 

deficiency diseases (Gopalan, 1982a). Swaminathan (1987) suggested that green 

leafy vegetables being fair in proteins and rich in provitamin A, vitamin C, folic 

acid and calcium are excellent supplements to poor cereal diet.

Moringa leaves are the richest known source of provitamin A and 

several other mineral nutrients (Gopalan, 1982b). Certain estrogenic substances 

and some enzymes important for some pharmaceutical preparations are also 

present in moringa leaves. The author also reported that they are good sources of 

protective nutrients, which are essential for healthy vision, bones, blood and skin. 

According to Manay and Shadaksharasvvamy (1998), moringa leaves are useful to 

prevent scurvy and catarrhal afflictions. Chandrasekar (2003) indicated that
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moringa leaves are good for reducing premature ageing and for protection against 

functional sterility in men and women.

According to Imungi and Potter (1983), cowpea leaves are rich in 

minerals like iron, calcium, phosphorus and zinc. Nayar (1992) reported that 

colocasia leaves are superior to that of cabbage and reported high protein and 

minerals in them. Singh and Felkar (1998) reported cactus leaves as agood source 

of roughage. Kowsalya and Mohandas (1999) indicated that cauliflower leaves are 

rich in macro and micronutrients. Good amount of protein, calcium and fibre are 

present in curry leaves (Pathak et al., 2000).

Islam et al. (1987) identified Atriplex triangularis leaves for 

cultivation in parts of world where high salinity and desertification are serious 

problems. Even though these contain only moderate quantities of protein, ascorbic 

acid and provitamin A, they have the potential of making a significant impact on 

the dietary intake of the population living on desert and saline land.

Mathew (2000) and Kumaran (2003) analysed the nutritive value of 

leafy vegetables in Kerala and indicated that they are rich in various micro 

nutrients like beta carotene, vitamin C, calcium, iron and phosphorus. The authors 

also indicated significant variations in the nutrient content of leafy vegetables.

The leafy vegetables consumed by the Naga tribes of Nagaland and 

Manipur (NIN, 1988) were found to be rich in calcium, magnesium, iron and zinc. 

Chandrasekhar and Chitra (1990) reported that ‘Thadi keerai’ and ‘Puliari keerai’ 

consumed by the tribal community of Nilgiri hills are good sources of calcium, 

iron and ascorbic acid.

Murugesan and Ananthalakshmi (1991) analysed the leafy vegetables 

consumed by the Paliyar tribal group of Kodaikanal and reported Karuppu sambar 

keerai as good source of energy, protein, calcium, iron and phosphorus. Ce5flon
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spinach, a wild leafy vegetable used in Assam was found to be rich in protein and 

minerals (Saikia and Shadeque, 1994).

The unconventional leafy vegetables like Math, Katimath, Kawala and 

Bharangi found in the forest and cultivable waste lands of Konkan region 

contained comparitively high amounts of crude protein, crude fat, crude fibre and 

.total carbohydrate (Shingade et al.3 1995). Ragu and Kapoor (1997) reported 

‘Senchulaku’ (Digera muricata), an unconventional leafy vegetable of South 

India as a rich source o f protein, iron, phosphorus, carotenoids and ascorbic acid 

with moderate amounts of calcium and oxalate.

The green leafy vegetables consumed by the tribes o f North East India 

were found to be rich in iron and calcium, though low in protein and fat 

(Longvah, 2000). Wild leafy vegetables commonly, used by the people of Ladakh 

were found to be nutritious as the cultivated leafy vegetables (Chaurasia et al.t 

2000).

A study conducted by Sundriyal and Sundriyal (2001) on the nutritive 

value of wild edible plants of Sikkim indicated higher nutrient concentration in 

leaves than shoots and fruits. The authors also indicated good amount of crude 

fibre, vitamin C and iron in these leafy vegetables,

The underutilized leafy vegetables of Idukki, Pathanamthitta and 

Kottayam districts of Kerala were found to be rich in minerals and vitamins 

especially calcium, iron, provitamin A, vitamin C, thiamin and riboflavin 

(Mathew and Sivakumar, 2002).

The leafy vegetables used by the ethnic groups of North East India 

were reported to be good and cheap sources of proteins and minerals with low 

proportions of lipids and carbohydrates (Handique, 2003).
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Murugkar and Subhulakshmi (2003) analysed twenty seven wild 

edible green leaves consumed by the Khasi tribe of Meghalaya and reported that 

these are good in various micronutrients and were found to be comparable with 

the well known common species of leafy vegetables

The wild leafy vegetables used in Kenya were found to be rich in 

beta-carotene, ascorbic acid, iron and calcium (Mwajumwaet a/., 1991).

The indigenous leafy vegetables consumed by the Kekchi people of 

Alta Verapaz were found to be rich in 0 carotene and minerals (Booth et al., 

1992). Four wild leafy vegetables in Coted ’ Ivoire viz., Ceiba pentandra, Gewia 

carpinifolia, Hibiscus congestiflorus and Triplochiton seleroxylon were analysed 

by Herzog et al. (1993) and the leaves were found to be good in iron and calcium.

Wild leafy vegetables used in Nigeria were found to be good sources 

of crude protein, fat, total carbohydrate and ascorbic acid (Achinewhu et al., 

1995).

Greens like Adansonia digitata, Amaranthus viridis, Tamarindus 

indica, Allium cepa used in Kautiala of Southern Mali were found to be rich in 

energy, protein, 0 carotene and minerals like calcium and iron (Nordeide et al., 

1996).

Wallace et al. (1998) studied four unconventional leafy vegetables and 

reported that Euphorbia hirta are rich in protein, fibre and minerals like calcium, 

copper and iron. Guerrero et al. (1999) studied wild leafy vegetables of Europe 

and reported good amount o f minerals like potassium, calcium, zinc and iron in 

the leaves. Non conventional leafy vegetables consumed by the rural populace of 

Nigeria were found to be rich in iron, calcium, zinc and manganese (Barminas et 
al., 1999).
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Wild leafy vegetables consumed by the people of South Africa were 

reported to be rich in micronutrients, particularly beta carotene (Steyn et al., 

2001) .

Leaves of wild Plantago major, P. lanceolata and P. media consumed 

in south east of Spain (Guerrero, 2001) were found to be rich in ascorbic acid and 

calcium with low proportions of oxalic acid. Edeoga and Gomina (2001) reported 

that Hoslundia opposita, a non-conventional leafy vegetable of Nigeria as a rich 

source of ascorbic acid, carbohydrate and protein.

Turan et. al. (2003) indicated that wild edible leaves consumed in 

Eastern Anatolia are rich in protein, calcium, potassium, magnesium and nitrogen. 

Iron, zinc, manganese and copper content of these leaves were found to be equal 

to or higher than those of some commonly used vegetables like spinach, pepper, 

lettuce and cabbage species.

Green leafy vegetables are rich sources of micronutrients and 

phytochemicals having antioxidant properties which offer protection against heart 

diseases and certain types o f cancer (Saxena, 1999). According to Rajeshwari and 

Subhulakshmi (2004), green leafy vegetables constitute largest classes of phyto 

nutrients. Consumption of vegetables has been reported to reduce the incidence 

of major diseases like cancer, cardiovascular diseases, diabetes, cataracts and 

inflammatory diseases (Svilaas et al., 2004).

Padma et al. (1999) indicated that the maximum levels of antioxidants 

can be derived from the consumption of raw vegetables and fruits rather than 

cooked ones. Leaves of saltbush plant exhibited a high radicle scavenging 

activity, which may indicate a potential use of the natural compound for food 

preservation and medical application (Shachter and Mirsky, 2000). A study 

conducted by Thalang et al. (2001) reported that Neptunia oleracea, a commonly
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used leafy vegetable in Thailand had high antioxidant activity followed by Acacia 

pennata and Moringa citrifolia.

Dried powder from the leaf o f Ipamoea aquatica exhibited high free 

radicle scavenging activity of 85 per cent level against commercial antioxidant 

butylated hydroxy anisole (Prasak et a l, 2003). Rao et al. (2003) observed 

antioxidant property in curry leaves.

Beta carotene, glucosinolates and isothiocyanates are regarded as 

dietary protector against cancer due to their antioxidant property (Bravo, 1998). 

Cabbage, cauliflower, radish, spinach, mustard and methi leaves grown in 

Panchkula district of Haryana were found to have high amount o f glucosinolates 

(Booraef a/., 1998).

Sayed et al. (1999) isolated the flavanoids and alkaloids from 

Diplotaxis acris, which is consumed in Sinai as salad crop and reported their 

radicle scavenging activity. Gins et al. (2001) analysed the leaves of Amaranthus 

tricolor, Chrysanthemum coronarium, Nasturtium officinale and Lepidium 

meyenii and reported considerable amounts o f ascorbic acid, flavanoids, 

carotenoids, potassium, iron, calcium and phosphorus. According to Salucci and 

Stivala (2002), quercetin, which is a major flavanoid in vegetables was found to 

have anti carcinogenic activity.

Kaur and Kapoor (2002) reported high phenolic contents in mint, 

broccoli and coriander leaves which have antioxidant activity.

Pereira et al. (2001) analysed the alpha linolenic acid and other fatty 

acid content o f green leafy vegetables available in Australia and reported that 

watercress and mint contained high amount of fatty acids. Simopoulos and 

Clugston (2002) found how alpha linolenic acid in green leafy vegetables 

desaturates and gets elongated in the body to form eicosapentaenoic acid and
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docosahexaenoic acid and thus causes beneficial effect to the health and in the 

control of chronic diseases.

The unconventional leafy vegetables of India were found to be rich in 

fibre (Awasthi and Tandon,1988) and thus useful in supplementing the dietary 

constituents needed to prevent obesity and coronary diseases. Vadera et al. 

(2003) reported hypocholesterolemic and hypolipidemic effect of fibre from 

mustard and cuny leaves with a potential anti atherogenic property.

2.2 COMPOSITION OF LEAFY VEGETABLES

The bulk of green leafy vegetables available in India is comprised of 

water within the range of73.1 to 91.1 per cent (Jijiamma, 1989). Neeliyara(1998) 

analysed the moisture content of edible leaves of five winged bean genotypes 

available in Kerala and reported that it varied from 59 to 61.1 per cent.

Study conducted by Mathew (2000) indicated a moisture content of 

78.98 to 92.78 per cent in unconventional leaves of Kerala. Thangaraj and 

Shanmugasundaram (2000) reported a moisture content of 85 per cent.in 

coriander leaves.

Yadav and Sehgal (2002) reported the moisture content of bathua 

(Chenopodium album) and spinach (Spinacia oleracia) leaves as 89.04 per cent 

and 91.05 per cent respectively.

Ramaswamy and Sathya (2003) reported 77.9 per cent moisture in 

fresh coriander leaves. Kumaran (2003) obsreved 72.33 to 85.78 per cent 

moisture in green leafy vegetables.

Easwaran and Goswani (1989) analysed the leafy vegetables consumed 

by Khasis of Meghalaya and reported that the water content of the leafy
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vegetables varied from 81.0 to 94.2 per cent. The leafy vegetables consumed by 

the Kota community of Nilgiri hills were analysed by Chandrasekhar and Chitra 

(1990) and reported Thadi keerai to have a moisture content of 91 per cent

Shingade et a l  (1995) conducted a study on ten unconventional leafy 

vegetables found in forest and cultivable waste lands of Konkan region and 

reported that the moisture content varied from 76.4 to 91.9 per cent. Sixteen leafy 

vegetables consumed frequently by the rural and tribal population of Western 

region of India were analysed by Nambiar and Seshadri (1998) and reported a 

variation of 78.4 to 92.5 per cent moisture in these leaves.

The moisture content of green leafy vegetables from North East India 

was found to be 85 per cent (Longvah, 2000). The non traditional leafy vegetables 

growing in Nellore and Prakasanv districts of Andhra Pradesh were analysed by 

Bharathi and Umamaheshwari (2001) and reported a moisture content of about 

60.99 to 90.17 g 100 g '1, the highest being in Paliyaku (Trianthema

portulacastruni).

Sreeramulu (1982) conducted a study on the chemical composition 

of leafy vegetables grown in Tanzania and reported that the moisture content of 

these vegetables varied from 76.6 per cent to 90.8 per cent, the minimum being in 

Moringa olerifera and maximum in Portulaca oleracea. Mziray et a l  (2001) 

reported a moisture content of about 85.3 to 86.5 per cent in Amaranthus 

hybridus, which were collected from four different areas o f Tanzania

The moisture content of Basella alba and Talinum triangulare grown 

in Northern parts of Nigeria were found to be 93.9 per cent and 94,1 per cent 

respectively (Faboya, 1983). The water content of Heinsia crinita, a leafy 

vegetable used in South Eastern Nigeria was reported to be 45.2 per cent ( Etuk et 

a l y 1998). Ijomah et al. (2000) analysed five leafy vegetables o f Nigeria and 

reported a mean moisture content of 79.4 percent. Hoslundia opposita, a non
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conventional leafy vegetable of Nigeria provided a high moisture content of about 

95 per cent (Edeoga and Gomina, 2001).

The green leafy vegetables are reported to be good sources of protein 

and the dry matter of leaves contain as much protein as legumes (Reddy, 1999).

The protein content of cassava leaves were reported to be 6.S g 100 g'1 

(Babu and Nambisan, 1993). Awoyinka et al. (1995) reported high level of crude 

protein in cassava leaves compared to amaranthus. The crude protein content of 

Amaranthus sp. were reported to be 4 g 100 g '1 (Hemalatha et a l,  1999). Suman 

(2000) observed 3.34 percent of crude protein in fresh amaranth.

The protein content of five winged bean genotypes available in Kerala 

varied from 3 to 4 per cent (Neeliyara, 1998). Raghuvanshi e ta l  (2000) analysed 

the protein content of some lesser known leaves like Bauhenia purpurea Linn., 

Chenopodium album Linn., Fagopyrum esculentum Moench and reported the 

protein content as 2.37, 4.35 and 4.93 g 100 g*1 respectively.

Mathew (2000) reported .1.2 to 3.13 percent protein in nine 

unconventional leafy vegetables of Kerala with an higher protein content in Kang 

Kong ([pomoea aquatica Forsk.)

According to Pathak et a l  (2000), the protein content of curry leaf is 

6.1 g 100 g'1. The green leaves ofbathuaand spinach were reported to have 42.73 

per cent and 31.43 per cent of protein on dry weight basis (Yadav and Sehgal, 

2002). Kumaran (2003) reported a protein content of 1.12 to 6.18 per cent in 

leafy vegetables belonging to the conventional, spicy and tree leaves.

Chandrasekhar et a l  (1990) analysed the nutritive value o f four 

varieties of tribal greens viz., Seekaisappu, Gurukaku, Sokathi and Silkasi and 

found that these leaves contained 3.9, 1.7, 3.8 and 3.8 g 100 g '1 of protein
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respectively. Green leafy vegetables consumed by Paliyar tribal group of 

Kodaikanal were analysed by Murugesan and Ananthalakshmi (1991) and found 

that the protein content of the leaves ranged from 2.2 to 6.8 g 100 g \

The maximum crude protein content among the ten unconventional 

leafy vegetables found in the forest and cultivable waste lands of Konkan was 

observed to be 7 per cent in drumstick leaves while Tricholepis anipelxicaulis and 

phodsi contained the lowest amount of 1.8 per cent and 1.3 per cent respectively 

(Shingadee/a/., 1995).

Ragu and Kapoor (1997) reported that Senchulaku (Digera muricata) 

an unconventional leafy vegetable of South India is a rich source of protein.

The protein content of green leafy vegetables consumed by the tribes 

of North East India which varied from 3.1 to 4.9 g 100 g '1 was comparable to that 

of other commonly consumed green leafy vegetables like amaranth, brussel 

sprouts, fenugreek leaves and mustard leaves (Longvah, 2000).

Chaurasia et al. (2000) analysed the wild leafy vegetables of Ladakh 

and reported that the protein content of these leaves ranged from 18.3 to 31.7 per 

cent on dry weight basis.The non traditional leafy vegetables of Andhra Pradesh 

were analysed by Bharathi and Umamaheshwari (2001) and reported a protein 

content of 2.17 to 6.89 percent.

Handique (2003) analysed the nutritional composition of some non 

conventional leafy vegetables from ethnic sources of North-East India and 

reported that the crude protein content of these leaves varied from 18.18 to 29.45 

per cent on dry weight basis.
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Murugkar and Subhulakshmi (2003) reported 21.5 per cent and 14 per 

cent o f orotein in Plantago major and Diplazium esculentum respectively that 

are consumed by the Khasis of Meghalaya.

The crude protein content of Tanzanian leafy vegetables like 

amaranth, cowpea, pumpkin and sweet potato was found to be in the range of 

20.64 to 46.54 per cent (Mosha et al., 1995). Eight green vegetables commonly 

grown in Dar es salaam was analysed by Raja et al. (1997) for crude protein and 

reported that the protein content varied from 1.03 to 5.23 per cent on fresh weight 

basis. Amaranthus hybridus grown in different locations of Tanzania exhibited a 

protein content in the range of 28.2 to 31.6 per cent (Mziray et al., 2001).

Study conducted by Wallace et al. (1998) on the non conventional leafy 

vegetables used in Ghana reported that these leaves had a protein content 

between 2.6 and 3.42 per cent. Freyre et al. (2000) determined the nutritive value 

of wild under exploited vegetables and observed a higher protein content of 3.74 g 

100 g'1mPortulaca oleracea leaves.

Ijomah et al. (2000) reported that the leafy vegetables of Adamawa 

state in Nigeria contained low protein concentration ( 58.8 to 127.5 mg per 100 

g"1). Thirty non conventional leafy vegetables of Nigeria were analysed by 

Edeoga and Gomina (2001) and reported that Hoslundia opposita which was best 

in terms of nutritive value had a low protein content of 0.15 per cent.

Although, the total quantity of protein is limited in green leafy 

vegetables, certain leaves contain proteins of good quality (Pike and Brown, 

1970). High quality protein is reported in Tete (.Amaranthus hybridus), Euredu 

(Corchorus olitoricus), Igbo (Solatium africana]), Ogunmo (Salanum nudijlorium), 

Gbure (Talinum triangulare) and Ewuro (Vernonia amygdalirta) (Fafunso and 

Bassir, 1976). The true digestibility values of the proteins in four vegetables were 

almost similar and varied from 80 per cent in Celosia argentea to 82.6 per cent in
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Amaranthus hybridus. The protein efficiency of leaf proteins varied from 1.58 to 

1.61.

The protein efficiency ratio, biological value and net protein 

utilization in leafy vegetables widely consumed in Africa were found to have 

high potency in promoting growth (Fokou and Domngang, 1989).

The amino acid composition o f cytoplasmic fraction of leaf protein 

from Ailanthus excelsa was evaluated by Nag and Matai (1991) and reported an 

excellent balance of essential amino acids in leaf proteins. Handique (1993) 

analysed the free amino acid content in certain unconventional leafy vegetables 

and detected twelve amino acids including seven amino acids in various 

concentrations.

Wallace et a t (1998) studied four unconventional leafy vegetables 

and reported methionine as the most limiting amino acid in Xanthosomas 

tnafaffia, Euphorbia hirta and Launaea taxaracifolia while lysine was the most 

limiting amino acid in Ipomoea involucrata.

Crude fat of leafy vegetables, though lower in concentration has a 

special significance because of the presence of carotenoids, vitamin E, vitamin K 

and some poly unsaturated fatty acids among its major constituents (Davidson et 

a t ,1973)

NIN (1990) suggested that leafy vegetables like amaranth, gogu and 

fenugreek provide an average of 0.34 per cent of fat and these leaves contain high 

amount of alpha linolenic acid. An average 60g of leafy vegetable provide 0.1 g 

of linolenic acid (NIN, 1999).

Neeliyara (1998) observed a fat content of 0.6 to 0.7 per cent in 

winged bean leaves. The fat content of curry leaves and tender tamarind leaves
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varied from 0.5 to 2.1 per cent (Shankaracharya, 1998). Pathak et a l  (2000) 

reported a fat content of one per cent in curry leaves which was found to be higher 

than the fat content of radish (0.3%), carrot (0.2%) and cauliflower (0.4%).

The fat content of selected leafy vegetables like cabbage, coltard, 

peanut, turnip and sweet potato leaves were analysed by Mosha and Gaga (1999) 

and indicated that the fat content varied from 1.4 to 6.5 per cent. Yadav and 

Sehgal (2002) reported a fat content of 5.14 and 5.05 per cent on dry weight basis 

in bathua (Chenopodium album) and spinach (Spinacia oleracea) leaves.

Raw leaves of Bauhenia purpurea Lina, Chenopodium album Linn., 

Fagopyrum esculentum Moench were reported to have 0.42, 0.31 and 1.11 g 

100g-1 of crude fat (Raghuvanshi et al., 2000). Mathew (2000) studied the fat 

content of nine leafy vegetables and reported a variation of 0.18 percent to 0.65 

percent wiUnAmaranthus tristis Roxb. having the highest value.

Chandrasekhar and Chitra (1990) analysed the fat content of leafy 

vegetables consumed by Kota community of Nilgiris hills and reported a fat 

content of 2.15 and 2.13g per cent in ‘Thadi keerari’ and ‘Puliara keerai’ 

respectively. The fat content of leafy vegetables consumed by the Paliyar tribal 

group in Kodaikanal varied from 0.2 to 1.5 per cent (Murugesan and 

Ananthalakshmi, 1991).

Shingade et al. (1995) estimated the fat content of ten unconventional 

leafy vegetables and found that these were poor sources of fat which ranged 

between 0.2 and 0.96 per cent. The author also observed a maximum crude fat 

content of 0.96 per cent in drumstick leaves, 0.8 per cent in Amaranthus tricolor 

and 0.7 per cent in kawala while the rest of the vegetables contained 0.4 per cent 
of crude fat.
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Fat content of leafy vegetables consumed by the tribes of Norlh-Easl 

India varied from 0.4 to 1.9 percent (Longvah, 2000). Chaurasia et «/.(2000) 

analysed the wild leafy vegetables from Ladakh and reported a fat content in the 

range of 3.2 to 6.4 per cent. Bharathi and Umamaheshwari (2001) indicated that 

the non conventional leafy vegetables in Nellore and Prakasam districts of Andhra 

Pradesh had a fat content of 2.85 to 6.52 g 100 g '1 on dry weight basis.

The non conventional leafy vegetables viz. Amaranthus viridis, 

Boerhavia diffusa, Alteranthera sessilis, Polygonum Chinense and Ipomoea 

aquatica from ethnic sources of North-East India were found to be low in lipid 

content which varied from 2.42 to 6.00 per cent on dry weight basis (Handique, 

2003).

Different green leafy vegetables grown in Nigeria were analysed for 

fat content by Achinewhu el a l (1995), Akpanyung et a l  (1995), Aletor and 

Adeogun (1995) and reported a variation of 2.7 per cent to 22.6 per cent on dry 

weight basis. Comparitive evaluation of three local varieties of Heinsia crinita of 

South East Nigeria by Etuk et a l (1998) revealed low lipid levels o f 1.4 percent 

on dry weight basis.

Tanzanian vegetables provided crude fat in the range of 2.57 to 4.34 

per cent, the lowest being in Amaranthus and highest being in cowpea leaves 

(M oshae/a/., 1995)

The alpha linolenic acid content of leafy vegetables in Australia 

varied from 44 mg 100 g'1 in Chinese cabbage to 372 mg 100 g'1 in watercress 

(Pereira etaL , 2001).

The predominant fatty acids of spinach were analysed by Murcia et 

al. (1992) and reported that the leafy vegetables contained different fatty acids
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like palmitic, hexadecadienoic, hexadecenoic, stearic, hexadecatrienioc, oleic, 

linoleic and linolenic acids .

The predominant fatty acid in Chenopodium was found to be from 

the omega series and Chenopodium album contained 4.33 per cent of fatty acids 

of omega series (Guerrero and Isasa, 1997).

Etuk et al. (1998) reported the most abundant fatty acid in Heinsia 

crinita as linolenic acid . Pereira et al. (2001) reported high concentration of 

PUF A in mint leaves with a value of 195 mg per 1 OOg.

Dietary fibre, the sum of polysaccharides and lignin which are not 

digested by endogenous secretions of gastro intestinal tract are effective in 

reducing the incidence of obesity, hypercholesterolemia, heart diseases, 

diverticular diseases and colon diseases (Trowell, 1976). Increased consumption 

of green leafy vegetables increases the intake of dietary fibre which in turn 

increases the faecal bulk and thus prevents constipation. Gupta and Wagle (1988) 

reported a crude fibre content of 7.2 to 13.95 per cent in green leafy vegetables 

on dry weight basis.

The crude fibre content of Basetta alba and Talinium triangulare were 

found to be 14.1 and 19.6 per cent of dry matter respectively (Lucas, 1988). Gupta 

and Wagle (1988) reported 1.6 and 2.1 per cent crude fibre in ghol and cowpea 

leaves respectively.

Total fibre content of four green leafy vegetables viz. amaranth, 

spinach, gogu and bacchali varied from 1.6 to 2.6 g per cent (NIN, 19941). The 

fibre content of chekkurmanis leaves, curry leaves, drumstick leaves and tender 

tamarind leaves was found to be 2.5, 6.4, 0.9, 1.9-3 percent respectively 

(Shankaracharya, 1998). According to Rao and Ramulu (1998), Alteramhera 

sessile (8%), Sesbania grandiflora (8.4%), drumstick leaves (9%), tender
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tamarind leaves (10.6%) and curiy leaves (16.3%) contained relatively higher 

amount of dietary fibre. Suman (2000) reported 1.72 percent o f fibre in fresh 

amaranth.

Leaves of Chenopodium species had a high fibre content of 4 to 6 g 

100 g'1 (Guerrero and Isasa , 1997). Yadav and Sehgal (2002) reported the fibre 

content o f bathua (<Chenopodium album) and spinach (Spinacia oleracia) leaves as 

6.53 and 7.29gper lOOg respectively.

Easwaran and Goswani (1989) analysed fifteen unconventional plant 

foods consumed by Khasis of Meghalaya and reported 0.4 to 2.5 per cent of 

crude fibre in the leafy vegetables. Thadi keerai and Puliari keerai consumed by 

the tribal community of Nilgiris were found to have a fibre content of 0.055 to 

0.1 g 100 g-1 respectively.(Chandrasekhar and Chitra, 1990).

Crude fibre content of four varieties of tribal greens viz. Seekai sappu, 

Gurukaku, Sokathi and Silkasi used by the tribal communities of Attapadi and 

Katchuvadi hills varied from 0.9 to 2,9 g 100 g '1 (Chandrsekharetn/., 1990).

The leafy vegetables consumed by the Paliyar tribal group of 

Kodaikanal had a crude fibre content of 0.2 to 3.0 per cent. (Murugesan and 

Ananthalakshmi, 1991). The unconventional leafy vegetables found in the 

cultivable lands of Konkan region were analysed by Shingade et al. (1995) and 

reported that the species with more succulent growth contained less fibre than the 

woody perennials. The study revealed that bharangi (2.4%), kawala (2.4%), 

drumstick leaves (2.2%) and cowpea leaves (2.1%) contained high amount of 

fibre, while spinach (0.7%) and phodsi (1.0%) were low in fibre.

Chaurasia et al. (2000) reported a fibre content of 6.4 to 10.8 per cent 

in wild leafy vegetables of Ladakh. The fibre content of non traditional leafy
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vegetables of Nellore and Prakasam districts of Andhra Pradesh varied from 4.75 

to 14.53 g IGOg'1 on dry weight basis (Bharathi and Umamaheshwari, 2001).

Handique (2003) analysed the non conventional leafy vegetables used 

in North East India like Amaranthus viridis , Boerhavia diffusa, Alternanthera 

sessilis, Polygonum chinense and Jpomoea aquatica and the fibre content of the 

leaves varied from 4.9 to!4.25 per cent.

Murugkar and Subhulakshmi (2003) analysed wild edible leaves used 

by Khasis of Meghalaya and reported the fibre content of Begonia roxhburghii 

and Diplazium esculenium as 22.9g and 18.8 glOO g'1 respectively on dry weight 

basis.

According to Sreeramulu (1982,1, Cassia tora, Gynandropsis 

gynandra, Solanum nigrum, Moringa olerifera and Basella argentea, the 

vegetables grown in Tanzania contained 11.8, 8.0, 8.3, 5.7 and 7 per cent of fibre 

respectively on dry weight basis. Fibre content of Alteranthera sessils, Basella 

alba and Ipomoea aquatica were 10.4, 7.0 and 12.3 per cent respectively.

Dietary fibre content of Chinese vegetables varied from 1.1 to 4.6 g 

100 g with the highest fibre in Amaranthus tricolor. Ipomoea aquatica had 3 g per 

100 g of dietary fibre (Wills et ah, 1984).

The fibre content of Nigerian green leafy vegetables varied from 

8.5 to 20.9 per cent (Ifon and Bassir, 1980). The mean crude fibre content of 

seventeen dry leafy vegetable species in Nigeria was found to be 15.3 g per 100 

g, while the fresh counter parts contained 3.2 g crude fibre per 100 g (Aletor and 

Adeogun, 1995). Fibre content o f Pterocarpus mildbraedii found in Nigeria was 

found to be 7.56 per cent on dry weight basis (Akpanyung et ah,1995). Heinsia 

crinita, a leafy vegetable commonly consumed in South Eastern Nigeria was 

found to have a fibre content of 12.5 g 100 g '1 of diymatter (Etuk et ah, 1998).
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The fibre content of four unconvenetional leafy vegetables viz. 

Xanthosomas mafaffa, Ipomoea involucrata, Launaea taxaracifolia and 

Euphorbia hirta ranged in between 1.15 to 7.73 per cent (Wallace et al., 1998).

The most commonly consumed green leafy vegetables were 

analysed for their dietary fibre fractions by Rao and Ramulu (1998) and indicated 

that majority of them contained 2.5 to 6.6 per cent total dietary fibre (TDF), 1.6 

to 5.1 g of insoluble dietary fibre (IDF), and 0.9 to 1.5 per cent of soluble dietary 

fibre (SDF).

Escudera et al. (1999) reported a total dietary fibre content of 53.81g 

lOOg'1 in Amaranthus muricatus on dry weight basis.

Carbohydrates in green leafy vegetables differ from non leafy 

vegetables in that it is stored in the form of starchy grains (Aman,l 969).

Rao et al. (1979) and Ramachandran et al. (1980) analysed the 

carbohydrate content o f Trianthema portulacastrum, Amaranthus tristis, 

drumstick leaves and chekkurmanis and reported that these leaves contained 1.6, 

6.4, 2.9 and 11.6 g per 100 g o f carbohydrate respectively.

Mosha et al. (1995) reported a carbohydrate content of about 42.4 per 

cent in amaranthus on dry weight basis. Suman (2000) reported a soluble 

carbohydrate content of 1.68 percent in amaranthus.

Neeliyara (1998) reported 27.5 per cent of starch in winged bean 

leaves on dry weight basis. The carbohydrate content of cabbage, collard, turnip, 

peanut and sweet potato leaves were analysed by Mosha and Gaga (1999) and 

reported that the carbohydrate content varied from 60.4 to 73.1 per cent.
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Pathak et al. (2000) reported 18.7 per cent of carbohydrates in curry 

leaves on fresh weight basis, which is highest when compared to radish (6.8%), 

carrot (10.6%), and cauliflower (4.0%).

Mathew (2000) analysed the nutritional composition of selected 

greens like kang kong, basella, waterleaf, arakeera, centella, horse purslane, 

akshara keera, and bengal keera and reported that the soluble carbohydrate content 

of these leaves varied from 0.63 to 2.12 g 100 g'1 with the highest content in 

centella. The starch content varied from 0.07 to 1.70 percent with the highest in 

bengal keera.

Kumaran (2003) revealed a starch content ranging from 0.04 to 0.31 

per cent in green leafy vegetables, with the highest in coriander leaves.

The leafy vegetables consumed by Khasis o f Meghalaya contained 6.4 

to 23.2 g 100 g^carbohydrate (Easwaran and Goswani, 1989). Murugesan and 

Ananthalakshmi (1991) analysed the leafy vegetables consumed by the Paliyar 

tribal group of Kodaikanal and reported 3.8 to 8.1 per cent carbohydrate.

Shingade et al. (1995) reported that the non conventional leafy 

vegetables like drumstick leaves, bharangi, kawala, Amaranthus spinosus and 

takala were superior in carbohydrate than the conventional leaves like math, 

spinach, ghol, phodsi, cowpea, Ipomoea aquatica and dhandhgi. Amaranthus 

tricolor contained 3.7 per cent carbohydrates and Ipomoea aquatica contained 

3.5 per cent carbohydrates. The carbohydrate content of the wild leafy vegetables 

of Ladakh varied from 25.7g to 38.0g per lOOg (Chaurasia et al., 2000).

Handique (2003) analysed five unconventional leafy vegetables from 

ethnic sources o f North East India and reported a carbohydrate content of 6.15 to 

17.00 per cent.
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Ifon and Bassir (1980) reported a carbohydrate content of 51.0 to 66.1 

percent in some Nigerian green leafy vegetables. Achinewhu et a l  (1995) 

indicated that carbohydrate content of the leafy vegetables in Nigeria varied from 

24.6 to 51.4 percent. Edeoga and Gomina (2001) analysed non conventional leafy 

vegetables of Nigeria and reported 6.6 percent of carbohydrate in Hoslundia 

opposita, which was the best in terms of nutritive value among the thirty leafy 

vegetables investigated.

Wills et a l  (1984) analysed the nutritional composition of Chinese 

vegetables and found that Amaranthus tricolor had a starch content of 0.2 g 100 

g'1 of the edible portion while Ipomoea aquatica contained no starch.

The leaves of wild Plantago major, Plantago lanceolata and Plantago 

medi were analysed by Guerrero (2001) and reported low proportions of available 

carbohydrates, ranging from 1.99 g to 2.81g per lOOg with highest in Plantago 

lanceolata.

Green leafy vegetables are rich in minerals especially iron and 

calcium (Gopalan, 1982a; Smith, 1982). Reddy (1999) reported an average 

calcium and iron content of 300 mg and 4.7mg respectively in 100 g of green 

leafy vegetables.

Amaranthus species are known to contain high levels of calcium 

(Castanedac et a l, 1986). According to Gopalan et al. (1989), iron and calcium 

contents of Amaranthus gangeticus are 25.5 mg and 397 mg per lOOg 

respectively, while that o f Amaranthus tricolor are 3.49mg and 397 mg per lOOg 

respectively.

According to Hemalatha et a l  (1999), Amaranthus species contained 

340 mg o f calcium per lOOg which is greater when compared to kanni keerai
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Moringa olerifera is a good source of calcium, iron and phosphorus 

(Nautiyal and Raman, 1987; Shingade and Chavan, 1996). According to Gopalan 

(1982b), the calcium, phosphorus and iron contents of drumstick leaves are 440 

mg, 7 mg, and 7.6 mg respectively. In addition to calcium, iron, phosphorus, 

potassium and magnesium, Moringa olerifera is rich in sulphur, zinc and boron.

Total minerals in green leafy vegetables varied from 12.54 to 26.16 

per cent (Gupta and Wagle, 1988). The ash content of amaranths, colocassia, 

drumstick, fenugreek, neem and pumpkin leaves varied from 15.7 to 28.5 per cent 

(Gupta eta l.} 1989).

Calcium and iron contents of leaves like Mentha spicata, Rumex 

acetosa, coriander, palak, spinach, chekkurmanis, Solamum nigrum,

Gynandropsis gynandra, Amaranthus hybridus, colocasia, drumstick, fenugreek, 

neem, pumpkin, Acacia concinna, trianthema, chenopodium and tender tamarind 

varied from 0.43 to 0.48 g and 2 to 70 mg 100 g'1 respectively (Cnewya, 1985; 

Bawa and Yadav, 1986; Gupta et a l,  1989; Chandrasekhar et al., 1990 and 

Shankarachaiya, 1998).

Yadav and Sehgal (1997) reported an iron content o f26.54 to 34.4 mg 

in lOOg of Spinacia oleracea and Amaranthus tricolour. The iron content of 

bathua (Chenopodium album) and spinach (Spinacia oleracia) were reported to be 

20.63 mg and 26.54 mg respectively (Yadav and Sehgal, 2002).

The ash contents of fresh mustard greens, spinach, mint and coriander 

leaves varied from 1.7 to 2.0 per cent, the highest being in coriander followed by 

mint, spinach and mustard greens (Kaur and Manjrekar, 1975). The mineral 

content of curry leaves is reported to be 4.2 per cent (Philip et al., 1981). 

According to Pathak et n/.(2000), calcium, iron and phosphorus contents of curry 

leaves were 830 mg, 70 mg and 57 mg per 100 g respectively.
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Nesliyara (1998) analysed the calcium and iron contents of winged 

bean leaves o f five genotypes grown in Kerala and reported a mean calcium and 

iron content of 245.46 mg and 2.2 mg 100 g'1 of leaves respectively.

The iron content o f Chenopodium album and Spinacia oleracea leaves 

varied from 20 to 26 mg 100 g'*(Yadav and Sehgal, 2002).

Kumaran (2003) reported high calcium (2000 mg 100 g '1) and iron 

(14.63 mg 100 g '1) in burmese coriander. The author also indicated that pisonia 

leaves contained 233.91 mg of phosphorus and colocassia leaves provided 

427.88 mg potassium per 100 g.

Phosphorus content of nine green leafy vegetables commonly grown 

in Easten Uttar Pradesh varied from 0.34 to 1.43 per cent (Awasthi and Abidi, 

1985).

According to Bawa and Yadav (1986), the ash content of green leafy 

vegetables consumed by Sokoto population varied from 7 to 18.6 per cent

High amount of calcium (690.9 mg per 100 g), phosphorus (184.0 mg 

per 100 g) and iron (36.4 mg per 100 g) was found in ‘Thadi keerai’ consumed by 

the Kota community of Nilgiris (Chandrasekhar and Chitra, 1990).

The leafy vegetables consumed by the Paliyar tribal group were 

analysed by Murugesan and Ananthalakshmi (1991) and reported that the 

calcium, phosphorus and iron content in these leaves varied from 180 to 400 mg

per 100 g, 20 to 80 mg per 100 g and 1.8 to 20 mg 100 g'1 respectively.

Shadiza (1993) analysed the non cultivated leafy vegetables of Bihar, 

Bengal and Orissa and reported that the calcium, phosphorus, iron, magnesium,
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manganese, zinc and copper in these leaves varied from 0.63-1.42 per cent, 0.14- 

0.28 per cent, 0.03-0.06 per cent, 0.45-1.30 percent, 0.005-0.210 percent, 0.003- 

0.028 per cent and 0.002-0.004 per cent respectively.

Ragu and Kapoor (1997) estimated the mineral content of some 

unconventional leafy vegetables of South India and reported high amount of iron 

and phosphorus and moderate amount of calcium in Senchulaku (Digerct 

muricata). Gangeeraku (Trianthema portulacastrum) was found to be rich in 

calcium and phosphorus.

Wild leafy vegetables of Ladakh analysed by Chaurasia et al.(20Q0) 

contained good amount of calcium with values in between 0.88-4.29 per cent. Iron 

content of these leaves varied from 19 mg to 120 mg per 100 g where as 

phosphorus content ranged from 274 mg to 574 mg per 100 g.

Longvah (2000) reported fairly good amount of calcium (100 mg to 

267 mg 100 g*1) in the green leafy vegetables of Ladakh. Mean iron content of 

these leaves was found to be 4.4 mg 100 g’1 whereas the phosphorus content 

ranged in between 23 mg 100 g '1 and 57 mg 100 g’1.

Nutritive value of some non conventional leafy vegetables from ethnic 

sources o f North East India was analysed by Handique (2003) and reported that 

total mineral in the form of ash varied from 11.80 to 16.87 per cent

Murugkar and Subhulakshmi (2003) reported a calcium content of 

0.57g to 4.61g lOOg'1 in the leafy vegetables consumed by the Khasis of 

Meghalaya with Begonia roxhburghii having the highest amount of calcium. The 

iron content o f Begonia roxhburghii and Plantago major were reported to be 

29.51mg and 57.7 mg 100g_1.
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Oyejola and Bassir (1975) studied the iron content of leafy Nigerian 

plants and the content varied from 190 mg in Vernonia amygdalina to 1010 mg 

kg*1 diy matter in Solarium incamum. The twenty one Nigerian leafy vegetables 

analysed by Smith (1982) contributed significant proportion of zinc, iron and 

calcium to the traditional Nigerian diet and these leaves contained 0.3 to 1.9 mg 

zinc, 1.4 to 12.3 mg iron and 70 to 280 mg calcium 100 g'1.

Faboya (1983) analysed green leafy vegetables commonly found in 

Western parts of Nigeria and reported that the leaves contained ash (11-25 g), 

sodium (0.11-0.76 mg), potassium (0.36-1.55 mg), calcium (0.24-0.73 mg), 

phosphorus (0.18-0.39 mg), magnesium (0.66-1.76 mg), iron (0.35-0.56 mg), zinc 

(0.04-0.12 mg) and manganese (0.03-0.12 mg) per gram of dry matter.

The average ash content of seventeen leafy vegetable species found in 

Nigeria was found to be 17.4 g 100 g '1 diy matter (Aletor and Adeogun, 1995). 

The authors also reported that these vegetables on an average contained 3.7, 3.8, 

2.5 and 1.2 g 100 g '1 o f potassium, sodium, calcium and phosphorus respectively 

on dry weight basis.

Six non-conventional leafy vegetables consumed by the rural populace 

of Nigeria were analysed by Barminas et al. (1999) and reported that Amaranthus 

spinosus contained high level of iron (38.4 mg 100 g*1). Zinc level was found to 

be high mMoringa olerifera (25.5 mg), Adansonia digitata (22.4 mg) and Cassia 

tora leaves (20.9 mg) per 100 g of dry weight.

Ash contents of leafy vegetables grown in Tanzania varied from 0.5 g 

to 24.5 g 100 g_1 (Sreeramulu, 1982). Green vegetables grown in Dar es Salaam 

were found to be rich in macro minerals (Raja et al., 1997). The predominant 

metal present in all leaves was potassium followed by calcium. Among the micro 

minerals, iron was the predominant one and the content varied from 3.09 to 53.04 

mg 100 g '1. Mziray e ta l  (2001) analysed fresh amaranth from four sites of Dar es
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Salaam and reported that the level of calcium, iron and phosphorus varied from 

2062 to 2263 mg 100 g '1, 108 to 128 mg 100 g‘l and 500 to 553 mg 100 g'1 

respectively on dry weight basis.

Wills et al. (1984) studied the nutrient composition of Chinese 

vegetables and reported that all the non-brassica leafy vegetables had useful levels 

o f iron ranging from 0.9 to 1.7 mg 100 g '1. The level of potassium was higher in 

Amaranthus tricolor, garland chrysanthemum and watercress containing about 

600 mg 100 g '1. Calcium content was found to be greater than 100 mg 100 g '1 in 

mustard, cabbage, A. tricolor and garland chrysanthemum.

Rozycki et al. (1997) analysed the wild leafy vegetables of Argentina 

and reported Amaranthus quitensis to have 274.3 mg calcium, 6.4 mg iron and 

136.2 mg per 100 g mangnesium.

Ash contents of Zanthomonas mafaffa, Ipomoea involucrata, Launaea 

taxracifolia and Euphorbia hirta varied from 1.15 per cent to 7.73 per cent 

(Wallace et a l ,  1998). E. hirta leaves contained highest concentration of calcium 

(175 mg %), copper (14.7 mg %)and iron (45.8 mg %),

Guerrero et a l  (1999) analysed the mineral contents of some wild 

edible plants and reported that Malva Sylvestris and Parietaria diffusa contained 

high amount of minerals. Sodium content ranged between 42.1 mg per 100 g in 

Portulaca oleracea to 884.7 mg per 100 g in Salicornia europaea, while 

potassium content ranged from 293.7 mg in Cakile maritima to 757.4 mg in 

Malva sylvestris. Variation in calcium content was observed with Parietaria 

diffusa (882.5 mg 100 g'1) having highest value. High amount o f zinc (1.98 mg%) 

and iron (5.82 mg%) were found in Malva sylvestris .

Leaves of wild Plantago major, P. lanceolata and P. media from 

different locations of South East Spain was analysed by Guerrero (2001) and
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reported the calcium content of P. major as 108 mg per 100 g on fresh weight 

basis.

Leafy vegetables contain considerably more carotenoids than tuberous 

vegetables and fruits and is mainly deposited in the leaves, which have a higher 

relative beta carotene content than stalks (Speek and Schreuss, 1988). It is 

observed that the concentration of carotene is directly proportional to the intensity 

o f the green colour. Light coloured vegetables such as lettuce and cabbage are 

hence poor sources of carotene (Reddy, 1999).

The beta carotene content of leaves like Amaranthus tricolor, agathi, 

curry leaves, Amaranthus spinosus, Moringa olerifera, Coriandrum sativam, 

Mentha spicata, Beta vulgaris, mustard greens, spinach, Rumex acetosa, tender 

tamarind leaves and fenugreek leaves were reported to vary from 1100 to 9000 pg 

100 g'1 (Jayarajan et al., 1980; Menon, 1980; Shankarachaiya, 1998; and Reddy, 

1999).

Study conducted by Reddy (1996) in seventeen commonly consumed 

and twenty one less familiar green leafy vegetables revealed that beta carotene 

was the most predominant provitamin A in all green leafy vegetables constituting 

30 to 50 per cent o f the total carotene except in fenugreek leaves which contained 

more than 80 per cent of beta carotene. Amaranth, fenugreek leaves, tulasi, and 

ponnanganni contained 8 to 10 mg 100 g’1 of beta carotene while hibiscus and 

colocassia contained about 5 mg 100 g 1.

Erandan keera contained more vitamin A than Amaranthus white 

(KAU, 1984). CO-3 amaranthus contained 11.04 mg of carotene in 100 g of fresh 

matter (Mohideen et al., 1985). ‘Arka Suguna’, a pure line selection amaranth, 

from Taiwanese introduction was found to be rich in vitamin A (Varalakshmi et 

a l , 1998). Suman (2000) reported beta carotene of 15064 pg per 100 g in 

Amaranthus.
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Chekkurmanis leaves contained 9510 IU of vitamin A in 100 g of fresh 

leaves (Ramachandran et al., 1980) while Philip et al. (1981) reported the 

carotene content of curry leaf as 12600 IU 100 g'1.

According to Bushway and Bureau (1986), the most prominent 

carotenoid in lettuce is beta carotene and the greenest outer layer had the highest 

vitamin A activity. Islam et al. (1987) observed 2690 IU of vitamin A in 100 g of 

Atriplex triangularis leaves.

In Brassica species, beta carotene accounted for about 99 per cent of 

active pigment (Rodrigues and Penteado, 1989).

According to Peter (1979), drumstick leaves have an equal amount of 

vitamin A (11,300 IU 100 g '1) as carrot. Drumstick leaves contained the highest 

level of p carotene among the green leafy vegetables (Gopalan, 1982b).

The beta carotene content of palak, bacchali, amaranth, drumstick 

leaves, agathi and gogu ranged from 1,8 mg to 14.1 mg 100 g‘l and its leaf 

concentrates contained higher levels of beta carotene (NIN, 1993). The beta 

carotene content and percentage beta carotene were found to be higher as medium 

textured leaves than in the tender and coarse samples (NIN, 1994b).

Mathew (2000) analysed selected leafy vegetables and reported a beta 

carotene content of 4007 pg to 22147 pg with highest content in kang kong 

leaves.

The total beta carotene content of drumstick leaves and arai keerai was 

found to be 39.81 and 30.73 mg 100 g'1 (Kowsalya and Chandrasekhar, 2003). 

Kumaran (2003) reported a beta carotene content ranging from 565.78 to
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Kumaran (2003) reported a beta carotene content ranging from 565.78 to 

18942.53 pg per 100 g in leafy vegetables with the highest in burmese coriander 

leaves.

Su et a l  (2002) reported the beta carotene content of sow thistle and 

Amaranth as 3.3 mg and 4 mg per 100 g respectively.

Nambiar and Seshadri (1998) analysed sixteen leafy vegetables of the 

western regions of India consumed frequently by the rural and tribal population 

and found that seven out of the sixteen are rich sources o f beta carotene 

contributing more than 5000 pg per 100 g on fresh weight basis.

The total carotenoids and beta carotene content of thirty six green leafy 

vegetables collected and consumed by tribes of five districts from Eastern Ghats, 

Andhra Pradesh were found to be in between 12.22-36.13 mg and 5.21-14.05 mg 

per 100 g respectively (Rajalakshmi et a l,  2001).

Bharathi and Umamaheshwari (2001) analysed the proximate 

composition o f non traditional leafy vegetables in Nellore and Prakasam districts 

of Andhra Pradesh and found that the total carotenoids varied from 11.73 to 

37.41 mg 100 g 1.

Carotene content of indigenous green leafy vegetables in Kenya exceeded 

7000 pg 100 g-1 (Cnewya, 1985). Mercadante and Amaya (1990) analysed five 

native Brazilian leafy vegetable viz. Amaranthus viridis, Lepidum 

pseudodidymum, Xanthosoma spp., Sonchus oleraceus and Portulaca oleracea 

and beta carotene content varied from 14.1 to 110 mg 100 g*1. These leaves 

contained 4.99 to 62.9 retinol equivalents per g o f the leaves.

The beta carotene content of 14 commonly eaten green leafy 

vegetables in Bangladesh, ranged in between 5400 and 16000 pg 100 g'1 (Rahman 
et a l ,  1990).
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The common leafy vegetables available in Machakos district, Kenya 

had high values of beta carotene and satisfied more than 100 per cent of the daily 

requirement of retinol (Mwajumwa et al., 1991).

Leaves o f Amaranthus viridis, a cultivated leafy vegetable in Southern 

Mali, are reported to be rich in beta carotene (3290 pg 100 g'1) (Nordeide et al., 

1996).

The carotenoid content of several dark green leaves of China viz., 

Malva crispa, Ipomoea acquatica, Spinacia oleracea,Apium graneolens, Lactuca 

sativa, Basella alba and Pisum sativum were analysed by Yang et al. (1996) and 

reported that the beta carotene ranged from 0.04 to 9.36 mg 100 g '1.

Leaves of Chenopodium album collected from locations o f Almaria of 

Spain contained high proportion of carotenoids (12.5 mg 100 g"1) (Guerrero and 

Isasa, 1997). The beta carotene content of 12 genotypes of Chinese cabbage 

varied from 0.88 to 1.62 mg 100 g'1 (Kundu etal., 1998).

Nesamvuni et al. (2001) analysed the Mid leafy vegetables of Venda, 

South Africa and reported a beta carotene content of Murudi (Cleome gyanadra) 

as 9.22 mg per 100 g.

The leafy vegetables from four sites of Dar es Salaam were reported to 

have a beta carotene content in the range of 25.2 mg to 37.3 mg per 100 g (Mziray 

et al., 2001). Herdren et al. (2002) reported a beta carotene content of 1211 and 

3659 jig per 100 g in leafy vegetables of Tanzania.

Some green leafy vegetables like spinach, amaranth, fenugreek, 

mustard, drumstick, mint, coriander are good sources of vitamin C as fruits 

(Thimmayamma and Pasricha, 1996).
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According to Reddy (1999) amaranth, agathi, mustard leaves, 

drumstick leaves and broccoli contain adequate amounts of vitamin C in the range 

of 120-220 mg 100 g '\

The ascorbic acid content of raw amaranth was found to be in the 

range of 96 to 99 mg 100 g'1 (Gopalan et al., 1989). Varalakshmi et a l  (1998) 

stated that leaves and tender stalks of amaranth are rich in vitamin C. According to 

Hemalatha et a l  (1999), the ascorbic acid content of Amaranth is 120 mg 100 g']. 

Suman (2000) reported a vitamin C content of 136.55 mg per 100 g in Amaranth. 

The vitamin C content of dhantu (Amaranthus gangeticus) was found to be 72.1 

mg 100 g '1 (Premavalli et a l , 2001).

Gopalan et a l  (1989) reported 220 mg of ascorbic acid in drumstick 

leaves which was much higher than tomato, radish, pear and carrot. According to 

Placida and Meena (1991) ascorbic acid content of sauropus leaves is 280 mg 100 

g'1 and therefore these leaves can be recommended especially to low income 

groups as a regular and cheap source of vitamin C.

Prakash et a l  (1995) reported that vitamin C content of different green 

leafy vegetables varied from 0.05 to 0.26 per cent

The fresh leaves of bathua iChenopodium album) and fenugreek 

(Trigonella foenum graecum) contained ascorbic acid in the range of 220.97 to 

377.65 mg per cent (Yadav and Sehgal, 1997).

Neeliyara (1998) observed a mean vitamin C content of 12.16 mg 100 

g*1 in five genotypes of winged bean leaves. According to Pathak et a l  (2000) the 

vitamin C content o f cuny leaf is 4 mg per 100 g.
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Mathew (2000) analysed eight leafy vegetables and reported an 

ascorbic acid content in the range of 51.77 mg to 127.27 mg per 100 g with 

centella having the highest value.

Nutrient analysis of the leaves of Bauhenia purpurea Linn, 

Chenopodium album Linn, Fagopyrum esculentum Moench by Raghuvanshi et al. 

(2000) indicated an ascorbic acid content of 84.93, 33.64 and 173.13 mg 

respectively in these leaves.

Singh et al. (2001) analysed the vitamin C content of selected leafy 

vegetables, herbs and carrots and reported highest ascorbic acid content in bengal 

gram leaves.

Kumaran (2003) indicated an ascorbic acid content in the range of 

32.26 mg to 523 mg per 100 g in nine leafy vegetables with ponnaviram having 

the highest value.

The tribal greens viz. Acacia concinna, trianthema, chenopodium and 

amaranthus used by tribals of Attapadi and Katchuvadi hills were reported to have 

an ascorbic acid content in the range o f 99 to 175.2 mg 100 g '1 (Chandrasekhar et 

al., 1990).

Chandrasekhar and Chitra (1990) analysed the leafy vegetables 

consumed by the Kota community of Nilgiri and reported the ascorbic acid 

content of ‘Thadi keerai’ and ‘Puliari keerai’ as 77.8 and 53.6 mg per 100 g 

respectively.

Shingade et al. (1995) analysed the unconventional vegetables from 

Konkan region and reported an ascorbic acid content of 48.8 mg 100 g l in 

Kankong and 45.1 mg 100 g*1 in bharangi leaves. The non traditional leaves of
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Andhra Pradesh were reported to have ascorbic acid content in the range of 22.24 

mg to 119.06 mg 100 g '1 (Bharathi and Umamaheshwari, 2001).

Murugkar and Subhulakshmi (2003) analysed the wild edible leaves 

used by Khasis o f Meghalaya and reported an ascorbic acid content of 469 mg per 

lOOg in Plantago major.

Ten commonly eaten leafy vegetables of Nigeria were analysed and 

reported that the ascorbic acid content varied from 20.6 to 160.2 mg 100 g '1 dry 

matter (Ifon and Bassir, 1980). Keshinro and Ketiku (1979) reported the mean 

ascorbic acid levels of 31 to 63 mg 100 g '1 in some leafy vegetables like 

Amaranthus chorostachys, Basella alba, Talinum triangulare and Vernonia 

amygdalina. The indigenous leafy vegetables of Nigeria were reported to have 

high ascorbic acid content that varied from 23-232 mg 100 g '1 (Achinewhu etal., 

1995). Study on non conventional leafy vegetables of Nigeria indicated 9.75 mg 

100 g'1 of ascorbic acid inHoslundia opposita (Edeoga and Gomina, 2001).

Sreeramulu et al. (1983b) analysed the vitamin C content of sixteen 

Tanzanian wild green leafy vegetables and reported that the content varied from 2 

to 204 mg 100 g '1, withMoringa olerifera being the richest sources of vitamin C. 

Fresh foliage of fenugreek contained 276 mg 100 g'1 of ascorbic acid and that of 

Polygomum plebium 58 mg 100 g'1 on fresh weight basis (Sreeramulu, 3983a). 

Vitamin C content of Tanzanian leafy vegetables viz., amaranth, cowpea, peanut, 

pumpkin and sweet potato leaves varied from 43.78 to 89 mg 100 g*1 of fresh 

vegetable (Mosha et al., 1995). Amaranthus hybridus from four sites of Dar es 

Salaam Tanzania were analysed by Mziray et al. (2001) and reported an ascorbic 

acid content in the range of 455 mg to 535 mg 100 g"1.
a

According to Wills et al. (1984), the level of vitamin C in watercress 

and mustard cabbage, two popular Chinese green leafy vegetables is about 100 

mg 100 g"1 and are therefore good sources of vitamin C. Kundu et al. (1998)



35

analysed 12 genotypes o f Chinese cabbage and reported an ascorbic acid content 

in the range of 7.36 to 12.11 mg per 100 g.

The ascorbic acid content in three indigenous Kenyan leafy vegetables 

viz., Amaranthus hybridus, Gynandropsis gynandra and Solatium nigrum varied 

from 123.8 mg in A. hybridus to 189.2 mg 100 g_1 fresh weight in Gynandropsis 

gynanmra (Mathooka and Imungi, 1994).

Rozycki et al. (1997) analysed the leafy vegetables of Argentina and 

reported the ascorbic acid content of Rumex sp. as 48.9 mg per 100 g.

Nutrient analysis of Plantago major, Plantago lanceolata and 

Plantago media from different locations of South East Spain indicated 45.1 mg 

100 g"1 of ascorbic acid inP. major (Guerrero, 2001).

Phenols are bioactive compounds that has beneficial effects (Saltmarch 

et a l,  2003). Kaur and Kapoor (2002) analysd the total phenolic content of some 

Asian vegetables and reported that the content varied from 34 to 400 mg per lOOg 

on fresh weight basis. Mint, bathua, broccoli and coriander, were reported to 

have high phenolic content.

Flavanoids, the most common group o f plant phenols provide much of 

the flavour and colour to the fruits and vegetables. Justesen et cr/.(2000) observed 

a flavanoid intake of about 20-26 mg per day through the comsumption of fruit 

and vegetables in Denmark.

The chemical composition of Amaranthus tricolor cv valentina, 

Chrysanthimum coronarium cv uzorchaty, Nasturtium officinale cv podmoskovny 

and Lepidium meyenni were analysed by Gins et a l (2001) and L. meyenni was 

reported to have high alkaloid content of 5.85 per cent.
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2.3 ANTI-NUTRITIONAL FACTORS IN LEAFY VEGETABLES.

Despite high level of nutrients , the main constraint to the nutritive 

value of green leafy vegetables is the presence of some anti-nutritional factors 

like oxalates and nitrates (Cheeke and Bronson,1980: Gupta and Wagle, 1988).

Oxalic acid, a dicarboxylic acid or its salts (oxalates) are widely 

distributed in the plant foods (Gopalane/a/., 1989).

Free oxalates may bind with essential divalent minerals like calcium 

and make them nutritionally unavailable. The calcium oxalate may accumulate 

resulting in oxaluria or kidney stones (Gopalan et a l,  1989; Sukumar, 1997). 

According to Reddy (1999), certain green leafy vegetables are rich in oxalic acid 

and hence individuals prone to renal calculi should avoid such foods.

The oxalate content of different vegetable types of the amranthus 

species as reported by various authors varied from 0.3 to 1.92 per cent on dry 

weight basis (Devadas et a l ,  1989; Prakash and Pal, 1991; Prakash et a l, 1993; 

Thamburaj et al., 1994). However, Mallika (1987) and Vityakon and Standal 

(1989) observed an oxalate content of 3.6 to 12.78 per cent on dry weight in 

various Amaranthus species. Gupta and Wagle (1988) observed an oxalate content 

of 8.69 per cent in spinach, while oxalate content varied from 0.87 to 3.93 per 

centinchenopodium and celosia.(Prakashefa/., 1993; Prakashe ta l ,  1995).

Guerrero and Isasa (1997) analysed the oxalic acid content of 

Chenopodium species and found moderate levels o f oxalic acid and oxalic/ 

(Ca+Mg) ratio in the leaves. Tender leaves of tamarind were reported to contain 

196 mg 100g”‘ of oxalic acid and observed a Calcium /oxalate ratio of 1:1 

(Shankaracharya, 1998).
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High quantity of oxalates and hydrocyanic acid was found in Ceylon 

spinach, a wild leafy vegetable of Assam (Saikia and Shadeque, 1994).

According to Shingade et al. (1995), the unconventional leafy 

vegetables in general contained less oxalates as compared to cultivated 

vegetables, thereby indicating good payability.

Mathew (2000) analysed selected leafy vegetables of Kerala and 

reported that the oxalic acid content of the leafy vegetables varied from 0.23 to 

1.08 g with the highest in bengal keera. Kumaran (2003) reported an oxalic 

content of 0.004 to 2.97g in different leafy vegetables with coriander leaves 

having the lowest value.

According to Ndyanab (1974) the oxalate content of some commonly 

grazed pasture forages in Uganda was reported to have high levels of total 

oxalates with low levels of soluble oxalates.

Aletor and Adeogun (1995) analysed the anti-nutrient components of 

seventeen leafy vegetables found in Nigeria and observed that the dry vegetables 

generally had higher oxalates than fresh ones.

The anti-nutritional composition of four unconventional leafy 

vegetables viz. Xanthomonas majfafa, Euphorbia hirta, Launcea taxarifolia and 

Ipomoea involucrate grown in Ghana were reported to have low levels of 

oxalates, phytates, tannins, alkaloids and saponins (Wallace et a /.,1998) Anti- 

nutritional composition of Amaranihus hybridus from four locations of Dar es 

Salaam were studied by Mziray et al. (2001) and reported an oxalate content of 

3383 to 4333 mg 100g~*. The leaves of wild P. laceolata and P. media from 

South East Spain were analysed by Guerrero (2001) and reported an oxalic acid 

content of 88.2 mg and 33.5mg 100g~‘ respectively on fresh weight basis.
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Brogren and Savage (2003) reported that the frozen commercially 

available spinach in New Zealand contained 736.6 mg per 100 g soluble oxalate 

and 220.1 mg per 100 g insoluble oxalate (wet matter). The oxalate calcium ratio 

of frozen spinach was reported to be 4.73.

The usual human dietary intake of nitrate is about 100 mg per lOOg 

(White, 1975). The nitrate may get converted into nitrite and nitrosamines in the. 

body (Tannenbaum et a l, 1978). Only in such circumstances, the level of nitrate 

in the diet is of concern. Normally dietary nitrate is excreted in urine without 

further conversion (Tannenbaum, 1979).

Nitrates present in the soil and water accumulate in the plants in toxic 

concentration which is ingested by animals and gets converted into nitriles in the 

digestive tract (Singh and Govindarajan, 2001).

Devadas (1982) studied the nitrate content of 25 genotypes of 

vegetable amaranths and reported that the content varied from 0.25 to 0.7 percent 

on dry weight basis. The author also reported that among eight species, the lowest 

nitrate content was in Amaranthus dubius. Prakash et al. (1993) found a nitrate 

content of 0.31 to 0.92 per cent in Amaranthus hypochondriacus.

Gupta and Wagle (1988) reported a nitrate content of 5.36 per cent in 

spinach. According to Prakash et al.(\993), nitrate content o f Chenopodium 

auinva and celosia varied from 0.26 to 0.51 and 0.46 to 0.91 per cent respectively.

Mathew (2000) analysed eight leafy vegetables and reported a 

variation of 0.11 to 0.35 per cent in the nitrate content with the highest in 

Amaranthus tricolor and lowest in basella leaves.

In Andhra Pradesh , the nitrate content of the leafy vegetables 

contributed to 1.38 per cent of the total nitrate intake (Gundimeda et al., 1993).
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Goswani et al (2000) analysed the nitrate content of fifteen vegetables in Assam 

and found that Coriander sativam had the highest nitrate level of220mg per 1 OOg.

Kulkami et a l  (2003) analysed nine leafy vegetables and reported that 

the nitrate content of these leaves ranged from 52.8 to 312.4 mg on fresh weight 

basis.

Among the nine leaves analysed by Kumaran (2003) high nitrate 

content was found in pisonia leaves (2.80%) and lowest in tamarind 

Ieaves(1.94%).

Santamaria et al. (1999) reported higher levels of nitrates in green 

leafy vegetables than bulb, root, shoot, inflorescence and tuber vegetables. The 

authors also indicated a daily nitrate intake of 71 mg from vegetables of which 

30 per cent was derived from lettuce and swiss chard.

Anti-nutritional composition of Amaranthus hybridus from four 

locations o f Dar es Salaam was studied by Mziray et al. (2001) and reported a 

nitrate content of 501 to 560 mg per lOOg.

High levels of nitrate in a number o f vegetables such as spinach, 

cabbage, amaranthus and mustard greens is due to excess use of nitrogen 

containing fertilizer (Lee et al., 1971; Palis and Bustrillos, 1976; Vera et a l, 

1992)

2.4 ORGANOLEPTIC EVALUATION OF LEAFY VEGETABLES

Quality is the ultimate criteria of the desirability o f any food product to 

the consumer. Overall quality depends on quantity, nutritional and other hidden 

attributes and sensoiy quality (Ranganna, 1977). Sensory quality is a combination
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of different senses o f perception coming into play in choosing and eating a food 

(Ranganna, 1986).

According to Bodyfelt et al. (1988), measuring the sensory properties 

and determining the importance of these properties as a basis for predicting 

acceptance by the consumer represent major accomplishments for sensory 

evaluation. For consumers, the perceivable sensory attributes like colour, 

appearance, feel, aroma, taste and texture are the deciding factors in food 

acceptance (Pal et a /.,1995).

Allenam et al. (1996) evaluated six Amaranthus genotypes in South 

Africa, for taste and acceptability as a source of nutrition. Acceptability of the leaf 

material for human consumption was tested for both taste and texture. According 

to the authors A. tricolor and A hypochondriacus had the best tasting, significantly 

better than that of A.cruentus and among the A.hybridus cultivars, A.tricolor had 

the best texture.

Kala et el. (1998) compared the sensory attributes of microwave 

cooked and conventionally cooked green vegetables viz amaranth, kilkeerai, 

shepu and spinach. Results showed that only the colour of cooked green was 

significantly affected due to cooking methods and microwave cooked greens were 

preferred to conventionally cooked greens. However, Fathima and Beegum (1998) 

and Fathima et al. (2001) reported that the microwave drying adversely affected 

the physical characteristics like the colour, appearance and odour, of the green 

leafy vegetables.

Neeliyara (1998) studied the acceptability of the five winged bean 

genotypes and reported higher acceptability in these leaves. Leafy vegetables 

grown in summer was found to be more acceptable than in rainy season (Mathew, 
2000 ) .
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Rumaran (2003) studied the acceptability of conventional, spicy and 

tree leaves and chutney, thoran and salads prepared out of these leaves were 

found to be highly acceptable.



iMaterials and Methods



3. MATERIALS AND METHODS

The methods used to evaluate the quality attributes of the selected 

leafy vegetables consumed by the tribes of Wayanad District are given under the 

following heads.

1. Selection of the leafy vegetables

2. Analysis o f chemical constituents

3. Computation of average nutritive value

4. Evaluation o f acceptability

5. Statistical analysis

3 .1 SELECTION OF THE LEAFY VEGETABLES

Among the different leafy vegetables consumed by the tribal 

communities of Wayanad District, ten most commonly used leafy vegetables were 

selected for the study. The leafy vegetables were identified on the basis of a 

dietary survey conducted among the tribal communities of Wayanad district in the 

ICAR adhoc scheme entitled * Nutrient and anti-nutrient composition of ethnic 

plant foods consumed by the tribes of Kerala’. The leafy vegetables selected are

i) Ambasheppu (Bidens pilora Linn.)

ii) Chumalacheera (Alternanthera amabilis)

iii) Churuli (Diplazium esculentum)

iv) Kandariyila (Capsicum frutescens Linn.)

v) Kannisoup (Commelina benghalensis Linn.)

vi) Kozhuppa (Portulaca oleracea)

vii) Murikkila (Erythrina stricta Roxb.)

viii) Ponnankanni (Alteranthera triandra)

ix) Thakara (Cassia alata Lina)

x) Valiya kadaladi (Aerva wightii Hook)
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The edible portion of the above ten leafy vegetables were collected 

from Wayanad district during their availability with the help of tribal people.

Plate 1 and 2 shows the different leafy vegetables selected for the

study.

3.2 ANALYSIS OF CHEMICAL CONSTITUENTS

The selected leafy vegetables were analysed for the following 

chemical constituents.

1) Moisture

2) Protein

3) Fat

4) Crude fibre

5) Total carbohydrates

6) Calcium

7) Phosphorus

8) Iron

9) Sodium

10) Potassium

11) p carotene

12) Vitamin C

13) Phenol

14) Flavanoids

15) Methanol extractable crude alkaloid

16) Oxalates and

17) Nitrates



Ambasheppu Chumalacheera

Churuli

Kandariyila Kannisoup

Plate. 1 GREEN LEAFY VEGETABLES



Kozhuppa M urikk ila

Ponnankanni

Thakara

Plate.2 GREEN LEAFY VEGETABLES
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3.2.1 Moisture

Moisture content of the selected leafy vegetables was estimated using 

the method of A.O.A.C. (1980).

To determine the moisture content, ten gram of the fresh leaf sample 

was weighed into a weighed moisture box and dried in an oven at 100 to 105°C 

and cooled in a desiccator. The process of heating and cooling was repeated till 

constant weight was achieved. The moisture content of the sample was calculated 

from the loss in weight during drying.

3.2.2 Protein

The estimation of protein was done by the method of A.O.A.C (1980).

0.3 g of the sample was digested with 6 ml sulphuric acid after adding 

0,4 g of copper sulphate and 3.5 g of potassium sulphate in a digestion flask until 

the colour of the sample is converted to green. After digestion it was diluted with 

water and 25 ml of 40 per cent sodium hydroxide was pumped. The distillate was 

collected in 2 per cent boric acid containing mixed indicators and then titrated 

with 0.2 N hydrochloric acid.

3.2.3 Fat

The fat content of the samples was estimated using the method of 

A.O.A.C. (1955).

The fresh leaf samples were oven dried and powdered. Five gram of 

the sample was weighed accurately into a thimble and placed in a soxhlet 

apparatus and extracted with anhydrous ether until the green colour o f the sample 

was completely extracted by the solvent. The efher extract was filtered into a
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weighed conical flask and the ether was then removed by evaporation. The flask 

with the residue was dried in an oven at 80-100°C, cooled and weighed. Fat 

content of the sample was calculated from the weight of the ether extract, and then 

converted into fresh weight basis.

3.2.4 Crude fibre

Crude fibre content was estimated by acid-alkali digestion method as 

suggested by Chopra and Kanw'ar (1978).

Two gram of the dried and powdered leaf sample was boiled with 200 

ml of 1.25 per cent sulphuric acid for thirty minutes. It was filtered through a 

muslin cloth and washed with boiling water and again boiled with 200 ml of 1.25 

per cent sodium hydroxide for thirty minutes. Again, it was filtered through a 

muslin cloth and washed with sulphuric acid, water and alcohol. The residue was 

transferred to a pre weighed ashing dish, dried, cooled and weighed. The residue 

was then ignited fo r thirty minutes in a muffle furnace at 600°C, cooled in a 

desiccator and reweighed. The fibre content of the sample was calculated from the 

loss in weight on ignition and then converted to fresh weight basis.

3.2.5 Total carbohydrate

The total carbohydrate content was analysed colorimetrically using 

anthrone reagent (Sadasivam and Manikam, 1992).

The powdered and dried sample was hydrolysed with 5 ml of 2.5 N 

hydrochloric acid and then cooled to room temperature. The residue was then 

neutralised with solid sodium carbonate until the effervescence ceases. Made up 

the volume to 100 ml and centrifuged. Pipetted 0.5 ml of supernatant and made 

upto 1 ml, added 4 ml anthrone reagent, heated for eight minutes, cooled rapidly 

and the intensity of green to dark green colour was read at 630 nm. A standard
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graph was prepared using standard glucose at serial dilutions and glucose content 

was found out from the standard graph and converted to fresh weight basis.

3.2.6 Calcium

The calcium content was estimated using titration method with EDTA 

as suggested by Hesse (1971).

One gram of dried and powdered sample was pre digested with 12 ml 

o f 9:4 diacid and volume made upto 100 ml. One ml of aliquot was taken and 

added 10 ml water, 10 drops of five per cent hydroxylamine, 10 drops of 

triethanolamine and 2.5 ml of ten per cent sodium hydroxide and 10 drops of 

calcon. Then it was titrated using EDTA till the appearance of permanent blue 

colour. It was expressed in mg per 100 g of sample and converted to fresh weight 

basis.

3.2.7 Phosphorus

The phosphorus content was analysed colorimetrically after preparing 

a diacid extract, by vanadomolybdophosphoric yellow colour method in nitric 

acid medium (Jackson, 1973).

One gram of dried and powdered plant sample was pre digested with 

12 ml of 9:4 diacid and volume made up to 100 ml. Five ml of the aliquot was 

pipetted into a 25 ml volumetric flask, and five ml of nitric acid -  vanadate 

molybdate reagent and made up to 25 ml. After 10 minutes the intensity ofyellow 

colour was read at 470 nm in a spectrophotometer. A standard graph was prepared 

using serial dilutions o f standard phosphorus solution. From the standard graph 

the phosphoms content o f the sample was estimated and converted to fresh weight 
basis.
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3.2.8 Iron

The iron content was analysed colorimetrically using ferric iron, which 

gives a blood red colour with potassium thiocyanate (Raghuramulu et al., 2003).

To an aliquot of the mineral solution enough water was added to make 

up to a volume of 6.5 ml followed by one ml of 30 per cent sulphuric acid, one ml 

of potassium persulphate solution and 1.5 ml of 40 per cent potassium thiocyanate 

solution. The intensity of the red colour was measured within 20 minutes at 540 

nm. A standard graph was prepared using serial dilutions of standard iron 

solution. From the standard graph the iron content of the sample was estimated 

and converted to fresh weight basis.

3.2.9 Sodium

The sodium content was estimated using flame photometer as 

suggested by Jackson (1973).

One gram of the dried and powdered sample was digested in diacid 

and made up to 100 ml. The solution was directly fed in the flame photometer and 

converted to fresh weight basis.

3.2.10 Potassium

The potassium content was estimated using flame photometer as 

suggested by Jackson (1973).

Powdered one gram of diy sample was digested in diacid and made up 

to 100 ml. One ml of the sample solution was made up to 25 ml and read directly 

in flame photometer.
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3.2.11 Beta-carotene

Beta-carotene content was estimated by the method of A.O.A.C. 

(1970) using saturated n-butanol.

Five gram of powdered and dried sample was placed in a 125 ml glass 

flask and added 50 ml water saturated n-butanol from pipette. The flask was 

stoppered tightly, shook well for one minute and kept overnight, protected from 

sunlight. Decanted the supernatant, pipetted 0.5 ml of the supernatant and diluted 

with 10 ml water saturated butanol and read the colour intensity in a 

spectrophotometer at 435.8 nm. Beta-carotene content of the sample was 

calculated from the reading and converted to fresh weight basis.

3.2.12 Vitamin C

The vitamin C content of the fresh sample was estimated by the 

method of A.O.A.C. (1955) using 2,6 dichlorophenol indophenoi dye.

One gram of the fresh sample was extracted in four per cent oxalic 

acid using a mortar and pestle and made up to 100 ml. Five ml of the extract was 

pipetted, added 10 ml of 4 per cent oxalic acid and titrated against the dye. 

Ascorbic acid content o f the fresh sample was calculated from the titre value.

3.2.13 Phenol

The phenol content was estimated colorimetrically using the method 

suggested by Sadasivam and Manikkam (1992).

One gram of fresh sample was extracted with 80 per cent ethanol twice 

and the supernatant was pooled. Evaporated the supernatant to dryness. The 

residue was dissolved in a known volume of distilled water, from which one ml
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was pipetted and made up the volume to 3 ml with distilled water to which 0.5 ml 

of Folin-Ciocalteau reagent was added. After 3 minutes, two ml of 20 per cent 

sodium carbonate was added and mixed thoroughly and heated for exactly one 

minute, cooled and measured the absorbance in spectrophotometer at 650 nm 

against a reagent blank. A standard graph was prepared using serial dilutions of 

standard catechol solutions. From the standard graph, the phenol content of the 

sample was estimated.

3.2.14 Flavanoids

The flavanoid content was analysed colorimetrically using the method 

suggested by Chang et al. (2002).

One gram of the fresh sample was extracted twice with 80 per cent 

ethanol. Pooled the supernatants and made upto 25 ml with 80 per cent ethanol. 

0.5 ml of the ethanol extract was then mixed with 1.5 ml of 95 per cent ethanol, 

0.1 ml of 10 per cent aluminium chloride, 0.1 ml of 1M potassium acetate and 2.8 

ml of distilled water. After incubation at room temperature for 30 minutes, the 

absorbance of the reaction mixture was measured at 415 nm in a 

spectrophotometer. A standard graph was prepared using serial dilutions of 

standard flavanoid solution. From the standard graph the flavanoid content of the 

sample was estimated.

3.2.15 Methanol extractable crude alkaloid

Methanol extractable crude alkaloid content was estimated using 

soxhlet method suggested by Harbome (1973).

The fresh leaf sample was oven dried at 37°C and powdered. Three 

gram of the sample was weighed accurately into a thimble and placed in a soxhlet 

apparatus and extracted with 150 ml of methanol for 6 hrs. The methanol was
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removed by evaporation. The flask with the residue was dried in an oven at 50- 

60°C, cooled and weighed. Methanol extractable crude alkaloid was calculated by 

substracting the weight of the methanol extract residue from the initial weight of 

the sample.

3.2.16 Oxalate

The oxalate content in the sample was analysed colorimetrically as 

suggested by Marderosian et al. (1979).

The dried plant material was powdered and 0.5 g of the sample was 

added to 10 ml of distilled water and added 10 ml of citric acid reagent. The 

sample was extracted by shaking for 10 minutes at room temperature. The extract 

was filtered and the precipitate dissolved in 50 ml of 0.4 N hydrochloric acid by 

shaking for 10 minutes. The sample was filtered and two ml of the filterate was 

added to two ml o f diluted iron ferron reagent and absorbance read at 540 nm in a 

spectrophotometer. The oxalate content of the dried sample was calculated from 

the standard graph and converted to fresh weight basis.

3.2.17 Nitrate

Nitrate content was estimated colorimetrically using diphenol 

sulphonic add as suggested by Bharghava and Raghupati (1993).

The dried and powdered sample of 0.5 g was extracted with 50 ml of 

water and filtered. Two ml of aliquot from water extract was taken in a porcelain 

dish and evaporated to dryness. Three ml o f phenol disulphonic acid was added 

followed by 15 ml of water, cooled and washed down into a 100 ml volumetric 

flask. Added 1:1 ammonia till the , solution developed yellowish colour. The 

volume was made up and colour was read at 420 nm. The nitrate content o f the
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dried sample was calculated from the standard graph and converted to fresh 

weight basis.

3.2 COMPUTATION OF AVERAGE NUTRITIVE VALUE

Average nutritive value of the leafy vegetable was computed using the 

procedure suggested by Grubben (1977).

Protein (g) Calcium (mg) Iron (mg)

Average Nutritive Value = + Fibre (g) + +

5 100 2

Vitamin C (mg)

+ Beta-carotene (mg)
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3.3 EVALUATION OF ACCEPTABILITY

Organoleptic evaluation of the selected leafy vegetables was conducted 

after cooking at the laboratory level.

3.4.1 Selection of judges

A series o f acceptability trials were carried out using simple triangle 

tests at the laboratory level to select a panel of ten judges between the age group 

of 18-35 years as suggested by Jellenik (1985).

3.4.2 Preparation of the sample for acceptability studies

The fresh leaves (100 g) were washed thoroughly in water to remove 

the adhering dirt and cut into small pieces using a stainless steel knife. The leaves 

were sprinkled with little water and salt, and cooked under low flame.



3.4.3 Sensory evaluation

Acceptability of the cooked leafy vegetable was assessed using the 

score card (Swaminathan, 1974) by the selected ten judges. Five quality attributes 

like appearance, colour, flavour, texture and taste were evaluated using the score 

card. Each of the above mentioned quality attributes was assessed by a five point 

hedonic scale. The score card used for the sensory evaluation is given in 

Appendix I

3.5 STATISTICAL ANALYSIS

Data were analysed using analysis of variance, cluster analysis and 

Kendall’s coefficient
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4. RESULTS

The results pertaining to the study entitled ‘Quality evaluation of 

selected leafy vegetables consumed by the tribes o f Wayanad District’ are 

presented under the following heads.

1. Chemical comp osition of leafy vegetables.

2. Acceptability o f leafy vegetables.

3. Cluster analysis of leafy vegetables.

4.1 CHEMICAL COMPOSITION OF LEAFY VEGETABLES

4.1.1 Nutritional composition of leafy vegetables

Ten leafy vegetables consumed by the tribes of Wayanad District 

were analysed for twelve constituents i.e,, moisture, protein, fat, crude fibre, total 

carbohydrate, calcium, phosphorus, iron, sodium, potassium, p carotene and 

vitamin C. The results of the nutrient composition of the selected leafy vegetables 

are presented in Table 1.

4.1.1.1 Moisture

The moisture content of the leafy vegetables varied from 74.84 per 

cent in Valiya kadaladi to 90.42 per cent in Kozhuppa.

On the basis of Duncan’s Multiple Range Test (DMRT), the 

different leafy vegetables were classified into five groups based on moisture 

content. Kozhuppa with the highest moisture content was included in a separate 

group (a), which showed that it had significant difference from all the other leafy 

vegetables selected for the study. Kandariyila and Valiya kadaladi were included 

in two separate groups namely ‘d’ and ‘e’. Chumalacheera, Kannisoup, Churuli, 

Ponnankanni and Thakara were included in a separate group (c). These five leaves 

were not significantly different from each other with respect to moisture content.



Table 1. Nutritional composition of leafy vegetables on fresh weight basis, per 100 g

Leafy
vegetables

Moisture
(g)

Protein
(g>

Fat
(g)

Crude
fibre
(g)

Total
carbohydrates

(g)

Calcium
(mg)

Phosphorus
(mg)

Iron
(mg)

Sodium
(mg)

Potassium
(mg)

P carotene 
(gg)

VitC
(mg)

Ambasheppu 85.73“ 3.31s 0.52b 0.98° 2.85° 144.81* 61.501 70.3"? 5.69b 633.03d 1177.04* 37.07s
Chumalacheera 81.62c 4.83° 0.54b " 2.04b 2.27* 161.81“* 22.86h 31.58° 5.26b 1119.6b 1465.27° 222.22“
Churuli 82.42° 3.551 0.77a 2.076- 3.78° 142.43* 85.38° 29.71° 8.76“ 764.75° 967.77*1 31.61“
Kandariyila 78.38?1 5.34b 0.79“ 1.58““ 4.28b 280.82° 124.61a 15.25s 8.95“ 774.58° 1354.37° 97.32d
Kannisoup 82.78° 4 .0 l“ 0.24“ 1.24d“ 5.46a 193.26de 101.79b 75.81“ 8.52a 1231.37“ 1025.89s 119.98°
Kozhuppa 90.42“ 2.2411 0.18d ~o a $t 1.51“ 214.13d 134.51s 20.88* 2.59° 266.00* 340.51 37.99s
Murikkila 85.82“ 3.77° 0^53 b 1.68° 2.128 184.76d° 60.30* 1.59b T T ? 572.3?° 967.48“ 60.71°
Ponnankanni 82.70° 4.88° 0.34° 2.24atr 2.35* 275.40° 86.35° 41.42“ 8.67“ 553.63° 1435.39“ 48.81*
Thakara 81.01° 5.65“ 0.50“ 1.58cd 3.19d 569.23b 65.35° 46.44° 8.62“ 732.36° 1584.29b 151.79b
Valiya kadaladi 74.84° 5.56a 0.73a 2.56a 3.81° 669.67a 83.76d 70.23d 8.67“ 1170.83ab 1879.41a 34.07s11
Mean 82.57 4.31 0.52 1.63 3.16 283.63 72.64 40.32 7.09 781.85 1219.74 84.15

Values having different superscripts differ significantly at 5% level
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The moisture content of the leafy vegetables is shown in Figure 1.

4.1.1.2 Protein

The crude protein content of the leafy vegetables ranged from 2.24 to 

5.65 per cent (Figure 2). The highest protein content was observed in Thakara and 

lowest in Kozhuppa.

On the basis of protein content, the leafy vegetables were grouped 

statistically into eight groups. All the groups contained one leafy vegetable each 

except the groups ‘c’ and ‘a’, which had two members. Thakara with the 

maximum protein content was found to be at par with Valiya kadaladi in group’a’, 

which had a protein content of 5.56 percent Ponnankanni and Chumalacheera 

were included in group ‘c’ with a protein content of 4.88 percent and 4.83 percent 

respectively. Statistically significant variation in the protein content of other six 

leaves was observed.

4.1.1.3 Fat

The fat content of the leaves varied from 0.18 percent to 0.79 percent 

with the highest and lowest fat content in Kandariyila and Kozhuppa respectively.

The leafy vegetables were classified into four groups according to their 

fat content on the basis o f DMRT. Group ‘a’ and ‘b’ had three and four members 

each. Kandariyila with the highest fat content was included along with Churuli 

and Valiya kadaladi in group ‘ a’, which showed that the fat content of Kandariyila 

was not significantly different from Churuli and Valiya kadaladi but significantly 

different from other leafy vegetables. Other two groups namely ‘c’ and ‘d’ had 

one and two members respectively. The leafy vegetables included in the same 

class were not significantly different from each other but differ from the leafy 

vegetables of other classes.



Fig. 1. Moisture content of the leafy vegetables

L1 L2 L3 L4 L5 L6 L7 L8 L9 L10 

Leafy uagetables

Fig. 2. Protein content of the leafy vegetables

L I -  Ambasheppu 
L2 -  Chumalacheera 
L3 -  Churuli 
L4 -  Kandariyila 
L5 -  Kannisoup

L6 - Kozhuppa 
L7  - Murikkila 
L8  - Ponnankanni 
L9  - Thakara 
L IO  -Valiya kadaladi



The fat content of the leafy1 vegetables selected for the study is 

represented in Figure 2.

4.1.1.4 Crude fibre

The crude fibre content of the leafy1 vegetables varied from 0.48 per 

cent to 2.56 per cent with Kozhuppa having the lowest and Valiya kadaladi with 

the highest value

Statistically the leafy vegetables were differentiated into eight groups on 

the basis of "he fibre content . The group ‘b’ and ‘cd had two members each and 

the other groups namely ‘a’, ‘afc’, ‘c’, 4f , ‘de* ana ‘e’ had one member in them. 

Except the leaves included in ‘b ’ and ‘ab1, ‘cd’ and ‘de’, ‘e and ‘de’, ‘c’ and 

‘cd:, ‘b’ and ‘ab’ , ‘a’ and ab* the leafy vegetables included in other groups 

differed significantly with respect to fibre content

The fibre content of the leafy vegetables are represented in Figure 4.

4.1.1.5 Total carbohydrat es

As revealed in Table 1 and Figure 5, the total carbohydrate content of 

the leafy vegetables varied from 1.51 per cent to 5.46 per cent. Kannisoup was 

found to have the highest total carbohydrate content and Kozhuppa, the lowest.

Statistically, the vaiious leafy vegetables were differentiated into eight 

categories. The category ‘f  and ‘c’ had two members each and the rest six leafy 

vegetables were included in separate groups. The leaves included in the same 

group were not significantly different from each other but different from the leafy 

vegetables of other classes.



L1 L2 L3 L4 L5 L6 L7 L8 L9 L10 

Leafy vegetables

Fig. 3. Fat content of the leafy vegetables

L1 L2 L3 L4 L5 L6 L7 L8 L9 L10 

Leafy vegetables

Fig. 4. Crude fibre content of the leafy vegetables

L  l -  Ambasheppu 
L2 -  Chumalacheera 
L3 -  Churuli 
L4  -  Kandariyila 
L5  -  Kannisoup

L6 - Kozhuppa 
L7  - M urikk ila  
L8  -  Ponnankanni 
L 9  -  Thakara 
L IO  -Valiya kadaladi
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4.1.1.6 Calcium

Calcium content of the leafy vegetables varied from 142.43 mg in 

Churuli to 669.67 mg per 100 g in Valiya kadalaai.

Statistically the different leafy vegetables were arranged into seven 

groups with group T ,  ‘de’ and ‘c’ having two members in each group. Valiya 

kadaladi with the hignest calcium content was included as the sole member of 

group ‘a’, which indicated that this leaf is significantly different from all the other 

leaves included in the study with respect to calcium content.

The calcium content of the leafy vegetables is illustrated in Figure 6.

4.1.1.7 Phosphorus

The phosphorus content of the leaf}' vegetables varied from 22.86 mg 

to 124.61 mg per lOOg. The highest phosphorus content was observed in 

Kandariyila. and the lowest in Cfcumalacheera These two leafy vegetables were 

included as a single entity in two different groups namely ‘a’ and 4h’ which 

indicated that the phosphorus content of the leaves differed significantly from 

other leaves included in the study. Altogether the ten leaves included in the study
ft

were grouped in eight categories on the basis of phosphorus content. Except group 

T  and 'c ’, which had two leaves each all the other leaves were included in 

separate groups.

The phosphorus content of the leafy vegetables is shown in Figure 7.



L1 12 L3 L4 L5 L6 L7 L8 L9 L10 

Leafy \«getables

Fig. 5. Total carbohydrate content of the leafy vegetables

L1 L2 L3 L4 L5 L6 L7 L8 L9 L10 

Leafy \egetables

Fig. 6. Calcium  content of the leafy vegetables

L  l -  Ambasheppu 
L.2 -  Chumalacheera 
L3 -  Chum li 
L4 -  Kandariyila 
L5 -  Kannisoup

L6 - Kozhuppa 
L7  - Murikkila 
L8 -  Ponnankanni 
L9  -  Thakara 
L10  -Valiya kadaladi
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The iron content of the leafy vegetables varied from 1.59 mg to 75.81 

mg per lOOg with Kannisoup having the highest and Murikkila the lowest 

value(Fig. 8).

On the basis of iron content the leaves were categorized into eight 

groups with group ‘e’ and ‘d’ having two members each. Murikkila and 

Karnisoup with the lowest and highest iron content respectively were included as 

a single entity in two different groups. Except the leaves included in the same 

group, all the leafy vegetables differed significantly with respect to the iron 

content.

4.1.1.8 Iron

4.1.1.9 Sodium

The sodium content of the leafy vegetables varied from 2.59 mg to 8.95 

mg 190 g '1 with the highest and lcv/est sodium content in Kandariyila and 

Kozhuppa respectively.

Statistically the various leafy vegetables were differentiated into three 

categories. Kandariyfa with the highest sodium content was included in a separate 

group (a) with other five leaves namely Churuli, Kannisoup, Ponnankanni, 

Thakara and Vanya kadaladi indicating no significant difference in the sod’um 

content of these leaves. The other two groups ‘b’ and ‘c’ had three and one 

member respectively. The leafy’ vegetables included in. the same class were not 

significantly different from each, other but different from the leafy vegetables of 

other classes.

The sodium content of the leafy vegetables is dep;cted in Figure 9.



L1 L2 L3 L4 L5 L6 L7 L8 L9 L10 

Leafy vegetables

Fig. 7. Phospho rus content of the leafy vegetables
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Leafy vegetables

Fig. 8. Iron content of the leafy vegetables

L I  -  Ambasheppu 
L2 -  Chumalacheera 
L3 -  Churuli 
L4 -  Kandariyila 
L5 -  Kannisoup

L6 - Kozhuppa 
L7 - M urikk ila  
L8 - Ponnankanni 
L9  -  Thakara 
L IO  -Valiya kadaladi



4. 1.1.10 Potassium

The potassium content of the leafy vegetables varied from 266.00 to 

1231.37 mg per 100 g with Ksnnisoup having the highest value and kozhuppa, 

the lowest.

Statistically the leafy vegetables were differentiated into seven groups 

on the basis o f the potassium content. ICannisoup with the highest potassium 

content was included in a separate group ‘a \  The group ‘c’ contained three leafy 

vegetables. Except the leaves included in ‘a’ and ‘ab’, ‘ab’ and ‘b \  ‘d’ and ‘de’, 

‘de’ and ‘e’, the leafy vegetables included in other groups differed significantly 

with respect to potassium content

The potassium content of the leafy vegetables is represented in Figure 10. 

4.1.1.11 p Carotene

The p carotene content of the leafy vegetables varied from 340.5 pg to 

1879.41 ug per lOOg. Highest B carotene was observed in Valiya kadaladi and 

lowest in Kozhuppa. The p carotene content o f the leafy vegetables is represented 

in Figure 11.

Statistically the leafy vegetables were arranged into nine groups. All 

the groups had only one member each except for group ‘h \  which had two 

members in it namely Churuli and Murikkila Significant difference was seen in 

the p carotene content of the leafy vegetables included in different groups except 

the two leaves including in group *h\
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Leafy vegetables

Fig. 9. Sod ium  content of the leafy vegetables

Leafy vegetables

F ig. 10. P o ta s s iu m  c o n te n t  o f the leafy  v e g e ta b le s

L I -A m basheppu  
L2 -  Chumalacheera 
L3 -  Churuli 
L4  -  Kandariyila 
L5 -  Kannisoup

L6 - Kozhuppa 
L7 - Murikkila 
L8 - Ponnankanni 
L9  -  Thakara 
L I0  -Valiya kadaladi



4.1.1.12 Vitamin C

The vitamin C content of the leafy vegetables varied from 31.61 mg in

Churali to 222.22 mg per 100 g in Chumalacheera (Figure 12).

On the basis o f DMRT, the leafy vegetables were differentiated into 

nine categories. Category ‘g’ included two leafy vegetables namely Ambasheppu 

and Kozhuppa and the vitamin C content of these leafy vegetables were found to 

be at par. Significant difference was seen in the vitamin C content of the leafy 

vegetables included in different categories except the members included in group 

‘g’ and *gh\ ‘h ’ and ‘gh’ and ‘g’.

4.1.2 Anti-nutritional factors in leafy vegetables

The anti-nutritional factors namely oxalates and nitrates of the leafy 

vegetables were analysed and the results are furnished in Table 2.

Table 2. Anti-nutritional factors in leafy vegetables on fresh weight basis, per lOOg

Sl.no. Leafy vegetable Oxalate(g) Nilrate(g)

1 Ambasheppu 0.117c 0.019c

Chumalacheera 0.143° 0.030ft

3 Churuli 0.103c 0.0181

4 Kandariyila 0.30C3 0.0313
< Kannisoup 0.096c 0.0131

6 Kozhuppa C.015d o o j

7 Murikkila 0.217& 0.026°

8 Ponnankanni 0.099° 0.016s

9 Thakara 0.248a° 0.029°

10 Valiya kadaladi 0.093c 0.025d

Mean 0.143 0.022

Values having different superscripts differ significantly at 5% level.
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Fig. 11. Beta  carotene  content of the leafy v e g e ta b le s
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Fig. 12. Vitam in C content of the leafy vegetables

L I -  Ambasheppu 
L2 -  Chumalacheera 
L3 -  Churuli 
L4  -  Kandariyila 
L5 -  Kannisoup

L6 - Kozhuppa 
L7  - Murikkila 
L8  - Ponnankanni 
L9  -  Thakara 
L10 -Valiya kadaladi
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4.1.2.1 Oxalate

The oxalate content of the leafy vegetables varied from 0.015 to 0.300 

per cent. The highest oxalate content was observed in Kandariyila and the lowest 

in Kozhuppa,

On the basis of the oxalate, content, the leafy vegetables were 

categorized into five groups. Group V  with an oxalate content in file range of 

0.093g to 0,117 g per lOOg had six members namely Ambasheppu, 

Chumalacheera, Churuli, Kannisoup, Ponnankaoni and Valiya kadaladi. The other 

four groups had only one leafy vegetable each indicating significant difference in 

the oxalate content between the leafy vegetables included in most of the groups 

except ‘a ' and ‘ah’ and V  and ‘ab*.

The oxalate content of the leafy vegetables is represented in Figure 13.

4.1.2.2 Nitrate

The nitrate content of the leafy vegetables varied from 0.013 to 0.031 

per cent with Kandariyila having the highest value and Kannisoup having the 

lowest.

Statistically the different leafy vegetables were arranged, into nine 

groups on the basis of nitrate content All the groups had only one member each, 

except group ‘b ’, which had two members namely Chumalacheera and Thakara 

indicating that the leafy vegetable included in this group had no significant 

difference among themselves but the members of the other groups had significant 

difference between themselves and between the leafy vegetables included in 

group ‘b* with respect to nitrate content.
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Fig. 13. Oxalate content of the leafy vegetables
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Fig. 14. Nitrate content of the leafy vegetables
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L2  -  Chumalacheera 
L3  -  Churuli 
L 4  -  Kandariyila  
L5  -  Kann isoup
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L8  -  Ponnankanni 
L 9  -  Thakara 
L IO  -Va liya  kadaladi
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The nitrate content of the leafy vegetables is depicted in Figure 14.

4*1,3 O ther constituents in leafy vegetables.

Other chemical constituents like phenols, flavanoids and methanol 

extractable crude alkaloids present in the leafy vegetables were analysed and the 

results are furnished in Table 3.

Table 3. Other chemical constituents in leafy vegetables on fresh weight basis,

per lOOg.

Values

Sl.no. Leafy
vegetable

Phenol(mg) Flavanoids(mg) ME crude 
alkaloids(g)

1 Ambasheppu 36.97° 874.52° 0.91*
2 Chumalaeheera 49.713 579.57d 1.62°
3 Churuli 11.97s 539.17° 1.53“
4 Kandariyila 33.47d 962.56a 1.99°
5 Kannisoup 33.58° 298.59s 1.873°
6 Kozhuppa 13.021

Gr*!
r**COC"* O o 35

7 Murikkila 20.35° 368,02* 1.29°
S Pormankanni 38.24b 640,09c I7 8 5
9 Thakara 34.28° 534.92° 0.72s

10 Valiya kadaladi 38.06° 890.49° 1.943

Mean 30.97 586.61 1.51
laving different superscrip ts differ significantly at 5% level.

4.1.3.1 Phenols

The phenol content of the leafy' vegetables varied from 11.97 to 49.71 

mg per lOOg. Highest value was observed in Chumalaeheera, which was found to 

be significantly different from other leafy vegetables with respect to the phenol 

content.

On the basis o f DMRT, the leafy vegetables were differentiated into 

seven groups. Pormankanni and Valiya kadaladi with a phenol content of 38.24 

and 38.06mg per 100 g respectively were included in group ‘b’ and Kandariyila,
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Kannisoup and Thakara with a phenol content in the range of 33.47 to 34.28 mg 

per 100 g were included in group ‘d’ indicating significant difference in the 

phenol content o f the leafy vegetables between the two groups. All the other five 

groups had only one leafy vegetable in them indicating that the phenol content of 

the leafy vegetable is significantly different from each other and from the leafy 

vegetables included in group ‘b* and ‘d \

The phenol content of the leafy vegetables is illustrated in Figure 15. 

4.1.3.2 Flavanoids

The flavanoid content of the leafy vegetables varied from 178.12 to 

962.56 mg per 100 g with Kandariyila showing highest value and Kozhuppa, the 

lowest. The flavanoid content of the selected leafy vegetable is depicted in Figure

16.

On the basis of flavanoid content of the leafy vegetables, they were 

statistically classified into eight categories. Each category included one leafy 

vegetable except group ‘b ’ and ‘e’, which had two members each namely 

Ambasheppu and Valiya kadaladi in group ‘b ’ and Churuli and Thakara in group 

‘e’. Significant difference existed in the flavanoid content of the leafy vegetables 

included in all the groups except the leafy vegetables included in group ‘b’ and 

‘e \

4.1.3.3 Methanol extractable crude alkaloids

The methanol extractable crude alkaloid content of the leafy 

vegetables varied from 0.72 per cent in Thakara to 1.99 per cent in Kandariyila 

(Figure 17).

On the basis of DMRT, the leafy vegetables were differentiated into 

nine categories with group ‘a’ having two leafy vegetables namely Kandariyila
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Fig. 18. Average  Nutritive Value of the leafy vegetables
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and Valiya kadaladi. The crude alkaloid content of these two leafy vegetables was 

found to be on par. The crude alkaloid content of the leafy vegetables included in 

group ‘c’ and ‘cd’, ‘a’ and ‘ab’, ‘cd’ and ‘d e \ ‘e’ and ‘de’ and *b* and ‘ab’ 

showed no significant difference among themselves with respect to the methanol 

extractable crude alkaloid content.

4.1.4 Average Nutritive Value

Average nutritive value of the leafy vegetables computed from the 

protein, fibre, calcium, iron, p carotene and vitamin C contents are presented in 

Table 4 and Figure 18.

Table 4. Average Nutritive Value of the leafy vegetables

SI. No. Leafy vegetable Average Nutritive 
Value

1 Ambasheppu 40.34c
2 Chumalacheera 27.44c
3 Churuli 20.821
4 Kandariyila 16.87s
5 Kannisoup 45.91b
6 Kozhuppa 14.79h
7 Murikkila 7.561
8 Ponnankanni 29.33c
9 Thakara 37.00d
10 Valiya kadaladi 48.11*

Values having the different superscripts differ significantly at 5% level

The average nutritive value of the leafy vegetables varied from 7.56 to 

48.11. The highest value was obtained for Valiya kadaladi and the lowest for 

Murikkila. Statistical analysis indicated significant variation in the average 

nutritive value of leafy vegetables except the two leafy vegetables included in 

group ‘e’ namely Chumalacherera and Ponnankanni.
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4.2 ACCEPTABILITY OF THE LEAFY VEGETABLES

The acceptability of the leafy vegetables was assessed by score card 

method for five quality attributes namely appearance, colour, flavour, texture and 

taste after cooking. Each character was scored using five point hedonic scale by a 

panel of ten judges. The five quality attributes were described as a five point scale 

and the total score was obtained out of twenty five.

Table. 5. Organoleptic evaluation of cooked leafy vegetables.

SI.
No.

Leafy
vegetables

Mean scores

Appearance Colour Flavour Texture Taste Total

1 Ambasheppu 3.2 3.4 1.6 3.4 1.8 13.4
2 Chumalacheera 3.8 3.6 . 3.5 3.6 3.7 18.2
3 Churuli 4.9 4.7 3.3 3.8 3.3 20.0
4 Kandariyila 3.9 4.0 4.0 3.2 3.6 18.7
5 Kannisoup 4.0 4.3 2.8 3.6 4.0 18.7
6 Kozhuppa 2.9 2.4 2.9 2.2 2.8 13.2
7 Ponnankanni 4.4 4.1 3.7 3.9 3.8 19.9
8 Murikkila 4.0 3.7 3.5 4.1 3.5 18.8
9 Thakara 3.1 3.3 2.5 2.9 2.5 14.3
10 Valiya

kadaladi
4.0 3.7 1.4 3.6 1.9 14.6

W 0.598** 0.595** 0.594** 0.448** 0.571** 0.695**
** Significant at 1% level

From the table, it can be seen that the scores for appearance was 

highest in Churuli (4.9) and lowest in Kozhuppa (2.9). The Kendall’s coefficient 

of concordance (W) among the judges on the appearance was found to be 0.598 

and it was found to be highly significant.

For the second quality attribute namely colour, the mean score varied 

from 2.4 to 4.7. The lowest score was assigned to Kozhuppa and highest for 

Churuli. The degree of agreement among the judges on colour was found to be 

0.595 and it was found to be highly significant.
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The mean score for flavour ranged from 1.4 to 4.0 with Valiya 

kadaladi having the lowest and Kandariyila having the highest score. The 

Kendall's coefficient of concordance (W) among the judges on flavour was found 

to be 0.594 and was found to be highly significant.

The mean score for texture varied from 2.2 to 4.1. The lowest score 

was assigned to Kozhuppa and the highest for Murikkila. The Kendall’s 

coefficient o f concordance (W) among the judges on texture was found to be 

0.448 and was highly significant.

The mean score for taste ranged from 1.8 to 4.0. Ambasheppu was 

found to have the lowest score and Kannisoup, the highest. The degree of 

agreement among the judges on taste was found to be 0.571 and was highly 

significant.

Statistical analysis (Kendall’s coefficient of concordance) indicated 

that all the quality attributes namely appearance, colour, flavour, texture and taste 

of the cooked leaves were acceptable.

The total mean scores varied from 13.2 to 20.0. Churuli with the 

highest mean score was found to be highly acceptable and Kozhuppa with total 

mean score of 13.2 was found to be the least acceptable.

4.3 CLUSTER ANALYSIS OF LEAFY VEGETABLES

Inorder to find out the homogenous groups of leaves, based on the 

nutrient and anti-nutrient composition of the selected leaves, Non Hierarchial 

Euclidean Cluster Analysis was worked out. Based on this the leaves were 

grouped into four clusters (Table 6).
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Table 6. Leafy vegetables included in each cluster

Cluster Members
I Churuli, Kandariyila and Murikkila
n Kozhuppa
m Valiva kadaladi
IV Ambasheppu, Chumalacheera, Kannisoup, 

Ponnankanni and Thakara

The average intra and inter cluster distance matrix is shown in Table 7 

and represented in Fig. 19

Table 7. Average intra and inter cluster distance matrix

Cluster No. 1 2 3 4

1 2.783
— — —

2 6.691 0.000 — —
3 5.821 10.353 0.000 -
4 3.350 6.708 4.79 3.276

On the basis of duster analysis, Churuli, Kandariyila and Murikkila 

were grouped in the first cluster. The members of cluster I were found to be high 

in phosphorus and anti-nutritional factors namely oxalates and nitrates. The mean 

phosphorus content o f the leafy vegetables included in cluster I was found to be 

90.10 mg lOOg'1. Within the cluster the phosphorus content of the cluster 

members varied from 60.30 to 124.61 mg lOOg"1. The mean cluster value for 

oxalates and nitrates were 0.21g and 0.02 g lOOg'1 respectively. The inter cluster 

values for oxalates and nitrates varied from 0.103 to 0.300 per cent and 0.018 to

0.031 per cent respectively.

Cluster II and cluster III had only one member each. Kozhuppa was 

included in cluster II which was found to be high only in moisture (90.42%)with 

low oxalate(0.02%) and nitrate content (0.01%).
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Table 8. Cluster means for nutritional and anti- nutritional composition of the leafy vegetables, per lOOg

Cl. Moisture
(g)

Protein
(s)

Fat
(g)

Crude 
fibre (g)

Total
carbo
hydrate
(e)

Calcium
(mg)

Phosphorus
(mg)

Iron
(mg)

Sodium
(mg)

Potassium
(mg)

pcarotene
(Pg)

Vitam in C
(m g)

Phenol
(mg)

Flavanoid
(mg)

M E
crude
alkaloid

is)___

N itrate
(g)

Oxalate
(g)

1 82.21 4.22 0.70 1.78 3.40 202.67 90.10 15.52 7.63 703.90 1096.54 63.21 21.93 623.25 1.61 0.02 0 .2 1

2 90.42 2.24 0.18 0.48 1.51 214.13 34.51 20.88 2.59 266.00 340.50 37.99 13.02 178.12 1.40 0.01- 0 .0 2

3 74.84 5.56 0.73 2.56 3.81 669.67 83.76 70.23 8.67 1170.83 1879.41 34.07 38.06 890.49 1.94 0.02 0.09
4 82.77 4.53 0.43 1.62 3.22 268.90 67.57 53.12 7.35 854.00 1337.58 115.98 38.56 585.54 1.38 0.02 0.14
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Fig. 19 Cluster analysis of leafy vegetables

Cluster III which had Valiya kadaladi as the sole member was found 

to be rich in protein (5.56%), fat (0.73%), crude fibre (2.56%), total carbohydrate 

(3.81%), calcium (669.67 mg %), iron (70.23 mg %), sodium (8.67 mg %), 

potassium (1170.83 mg %), p carotene (1879.41 (ig % ), flavanoids (890.49 mg 

%) and methanol extractable crude alkaloid (1.94%). The oxalate and nitrate 

content of Valiya kadaladi were found to be 0.09 and 0.02 per cent respectively.

Cluster IV which included Ambasheppu, Chumalacheera, Kannisoup, 

Ponnankanni and Thakara were found to be high in vitamin C and phenols. The 

mean vitamin C and phenol content of cluster IV are 115.98 mg and 38.56 mg 

lOOg'1 respectively. The vitamin C and phenol content of the leafy vegetables 

included in cluster IV varied from 37.07 to 222.22 mg 100 g '1 and 33.58 to 49.71 

mg 100 g-1 respectively.
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5. DISCUSSION

The study on ‘Quality evaluation of selected leafy vegetables consumed by 

the tribes of Wayanad District’ was attempted to assess the nutritional 

composition, anti-nutritional factors, other chemical constituents and the 

acceptability o ften  leafy vegetables consumed by the tribes of Wayanad district. 

The ten leafy vegetables under the study includes Ambasheppu, Chumalacheera, 

Churuli, Kandariyila, Kannisoup, Kozhuppa, Murikkila, Ponnankanni, Thakara 

and Valiya kadaladi.

The leafy vegetables were analysed for different nutrients like moisture, 

protein, fat, crude fibre, total carbohydrates, calcium, phosphorus, iron, sodium, 

potassium, (3 carotene and vitamin C. Other chemical constituents analysed were 

phenols, flavanoids and methanol extractable crude alkaloids. The anti-nutritional 

factors like oxalates and nitrates were also analysed. The acceptability of the leafy 

vegetables was assessed through organoleptic evaluation using score card based 

on five point hedonic scale for different parameters like appearance, colour, 

flavour, texture and taste. The results are discussed under the following heads.

1. Chemical composition of leafy vegetables

2. Acceptability of leafy vegetables

3. Cluster analysis of the leafy vegetables

5.1 CHEMICAL COMPOSITION OF LEAFY VEGETABLES

5.1.1 Nutritional composition of leafy vegetables

The moisture content of the leafy vegetables varied from 74.84 to 90.42 

per cent with the highest and the lowest moisture content in Kozhuppa and Valiya 

kadaladi respectively. Significant variation in the moisture content of the leaves 

was also observed. Bharathi and Umamaheshwari (2001), Longvah (2000) and 

Mziray et al. (2001) reported almost similar moisture content in the leafy 

vegetables of Andhra Pradesh, North East India and Tanzania respectively.
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However, Edeoga and Gomina(2001) reported a moisture content of about 91 per 

cent in the leafy vegetables of Nigeria, which was slightly higher than the values 

observed in the present study.

Significant variation in the protein content of the leafy vegetables was 

observed with a protein content ranging from 2.24 to 5.65 per cent and a mean 

protein content of 4.31 per cent. Thakara had the highest and Kozhuppa had the 

lowest protein content. The protein content of the leaf vegetables included in the 

present study was found to be similar to the protein content of the leaves 

consumed by the Paliyar tribal groups of Kodaikanal (Murugesan and 

Ananthalakshmi, 1991) and tribes of North East India (Longvah, 2000). Chaurasia 

etal. (20d0) reported aprotein content in the range of 18.3 to 31.7 percentinthe 

wild leafy vegetables of Ladakh on diy weight basis which will be similar to the 

present findings when expressed in fresh weight basis . In contrast to these 

findings, ljomah et al. (2000) and Edeoga and Gomina (2001) reported a lower 

content of 0.05 to 0.15 per cent in the leafy vegetables of Nigeria. This variation 

may be due to the varietal variation and differences in the location.

The fat content of the leaves varied from 0.18 to 0.79 per cent with the 

highest and lowest values in Kandariyila and Kozhuppa respectively. The mean 

fat content of the leaves was found to be 0.52 per cent. Shingade et al. (1995) 

reported a lipid content in the range of 0.2 to 0.96 per cent in leafy vegetables of 

Konkan region which is almost similar to the fat content of the leafy vegetables 

observed in the present study. However, Chaurasia et al. (2000) and Bharathi and 

Umamaheshwari (2001) reported a fat content of 2.85 to 6.52 per cent in the leafy 

vegetables of Andhra Pradesh and Ladakh respectively.

Significant variation was observed in the fibre content of the leafy 

vegetables in the present study which varied from 0.48 to 2.56 per cent with 

Kozhuppa having the lowest and Valiya kadaladi having the highest value. These 

values were found to be in accordance with the fibre content of the leafy



vegetables consumed by the Paliyar tribal community (Murugesan and 

Anathalakshmi, 1991) and the leafy vegetables found in the Konkan region 

(Shingade et a i ,  1995). Wallace et n/.(1998) and Chaurasia et al. (2000) reported 

a fibre content of 1.15 to 10.8 per cent on dry weight basis in wild leafy 

vegetables. Handique (2003) and Murugkar and Subhulakshmi (2003) reported a 

fibre content o f 4.9 to 22.9 per cent on dry weight basis in leafy vegetables of 

North East India and the unconventional leafy vegetables used by Khasis of 

Meghalaya respectively which will be similar to the fibre content of the leafy 

vegetables in the present study when expressed in fresh weight.

The total carbohydrate content of the leafy vegetables varied ffoml.51 to 

5.46 per cent with the highest and lowest value in Kannisoup and Kozhuppa 

respectively. The mean total carbohydrate content was found to be 3.16 per cent. 

Edeoga and Gomina (2001) reported a carbohydrate content of 6.6 per cent in the 

wild leafy vegetables of Nigeria which was slightly higher than the values 

observed in the present study. Chaurasia et al. (2000) and Handique (2003) 

observed a total carbohydrate content of 6.15 to 38.0 per cent on dry weight basis 

in the leafy vegetables of various parts of India which will be almost equal to the 

value observed in the study when it is expressed on fresh weight basis.

The calcium content of the leafy vegetables varied from 142.43 to 669.67 

mg 100 g‘l with the highest and lowest calcium content in Valiya kadaladi and 

Churuli respectively with a mean calcium of 281.63 mg 100 g-1. Significant 

variation was observed in the calcium content of different leafy vegetables. The 

calcium content observed in the present study was in tune with the values reported 

by Chandrasekhar and Chitra (1990), Murugesan and Ananthalakshmi (1991), 

Rozycki et al.(1997), Neeliyara (1998) and Chaurasia et n/.(2000) in different 

leafy vegetables. However, Longvah (2000) and Mathew (2000) reported lower
i

calcium content of 100 to 267 mg 100g-1 in the unconventional leafy vegetables 

of North East India and Kerala. In contrast to the present findings, very high
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calcium content (17.4%) in the leafy vegetables of Nigeria was reported by 

Aletor and Adeogun (1995).

The phosphorus content of the leafy vegetables varied from 22.86 to 

124.61 mg 100 g '1. The highest and the lowest values were observed in 

Kandariyila and Chumalacheera and the mean phosphorus content was 72.64 mg 

100 g"1. Significant variation was observed in the phosphorus content of the 

selected leafy vegetables. Longvah (2000) and Murugesan and Ananthalakshmi 

(1991) reported a phosphorus content of 20 to 80 mg 100 g'1 in the leafy 

vegetables consumed by the Paliyar tribal group and North East India 

respectively. The phosphorus content of the selected leafy vegetables evaluated in 

the present study was in accordance with these findings. Mziray et al. (2001) also 

reported a phosphorus content ranging from 500 to 553 mg 100 g'1 on dry weight 

basis in amaranth from different locations of Tanzania.

The iron content of the selected leafy vegetables varied from 1.59 to 75.8] 

mg 100 g '1 with Kannisoup having the highest and Murikkila having the lowest 

value. Significant variation was seen in the iron content of selected leafy 

vegetables. Shadiza (1993) reported an iron content of 0.03 to 0.06 per cent in the 

non cultivated leafy vegetables of Bihar, Bengal and Orissa. Similar findings 

were reported by Pathak et al. (2000) and Shankaracharya (1998) in various 

leafy vegetables. However, Murugesan and Ananthalakshmi reported low iron 

content of 1.8 to 20 mg 100 g*1 in the leafy vegetables consumed by the Paliyar 

tribal group.This may be due to the difference in the varieties selected for the 

study.

The sodium content of the leafy vegetables varied from 2.59 to 8.95 mg 

100 g_I with the highest and lowest sodium content in Kandariyila and Kozhuppa 

respectively with the mean sodium content of 7.09 mg 100 g*1. Faboya (1983) 

reported a sodium content o f 0.11 to 0.76 mg 100 g '1 in wild leafy vegetables of 

Nigeria which was found to be lower than the sodium content observed in the
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present study. But Guerrero et a l  (1999) reported higher sodium content of 42.1 

to 884.7 mg 100 g-1 on dry weight basis.

The potassium content of the leafy vegetables varied from 266.00 to 

1231.37 mg 100 g-1 with Kozhuppa having the lowest value and Kannisoup, the 

highest and with a mean potassium content of 781.85 mg 100 g"1. Almost similar 

findings were reported by Guerrero et a l  (1999) and Kumaran (2003) in the 

unconventional leafy vegetables which varied from 116.96 to 757.4 mg lOOg'1. 

Aletor and Adeogun (1995) reported an average potassium content of 3.7 mg 

100g_I on dry weight basis in leafy vegetables. Faboya (1983) reported low 

potassium content of 0.36 to 1.55 mg 100g_1in leafy vegetables.

Highest beta carotene (1879.41 pg 100 g '1) was observed in Valiya 

kadaladi and lowest (340.5 pg 100 g'1) in Kozhuppa with a mean beta carotene 

content of 1219.74 jag 100 g '1. Significant variation in the beta carotene content 

of the leafy vegetables was observed. Bharathi and Umamaheshwari (2001), 

Rajalakshmi et at. (2001) and Kumaran (2003) reported higher beta carotene in 

the leafy vegetables o f Andhra Pradesh, South India and Kerala respectively.

The vitamin C content of the leafy vegetables varied from 31.61 to 222.22 

mg 1 OOg -1 with Chumalacheera having the highest value and Churuli, having the 

lowest Significant variation in the vitamin C content was observed with a mean 

content of 84.15 mg 100 g -1. Achinewhu et al. (1995) reported similar ascorbic 

acid content of 23 to 232 mg 100 g*1 in the indigenous leafy vegetables of Nigeria. 

The vitamin C content of the present study was in accordance with the vitamin C 

content reported by Chandrasekhar and Chitra (1990), Chandrasekhar et a l 

(1990), Shingade et al. (1995) and Bharathi and Umamaheshwari (2001) in the 

leafy vegetables of different parts of India.
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5.1.2 Anti-nutritional factors in leafy vegetables

The oxalate content of the leafy vegetables varied from 0.015 to 0.300 

per cent. The highest oxalate content was observed in Kandariyila and lowest in 

Kozhuppa with a mean content of 0.143 per cent. Thamburaj et ah (1994) 

reported an oxalate content of 0.3 to 1.92 per cent on dry weight basis in different 

types of leafy vegetables. Guerrero (2001) reported an oxalate content of 0.03 to 

0.08 mg 100 g '1 in the unconventional leaves of South East Spain . Kumaran 

(2003) reported an oxalate content ranging from 0.004 to 1.57 per cent in the 

unconventional leafy vegetables of Kerala. Mziray et al. (2001) reported an 

oxalate content of 3.38 to 4.33 per cent which was found to be higher than the 

leafy vegetables under study. Shingade et al. (1995) reported that the 

unconventional leafy vegetables in general contained less oxalates as compared to 

cultivated vegetables. The lower oxalate content of the leafy vegetables may be 

due to the fact that these leaves are grown under natural habitat.

The nitrate content of the leafy vegetables varied from 0.013 to 0.031 

per cent with Kandariyila having the highest value and Kannisoup having the 

lowest. Significant variation was found in the nitrate content of most of the leafy 

vegetables with mean nitrate content of 0.022 per cent. The nitrate content of the 

selected leafy vegetables evaluated in the present study was lower than the nitrate 

content of leafy vegetables of different parts.of India (Devadas,1982; Prakash et 

al.,1993; Goswani et al., 2000 and Kulkami et al., 2003).Vera et al.{1992) 

reported higher levels o f nitrate in leafy vegetables due to excess use o f nitrogen 

containing fertilizer. The variation in the nitrate content is due to differences in 

the location and fertilizer applications.
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5.1.3 Other chemical constituents in the leafy vegetables

The phenol content of the leafy vegetables varied from 11.97 (Churuli) to 

49.71 mg (Chumalacheera) per 100 g. The mean phenol content was found to be 

30.97 mg lOOg'1. Kaur and Kapoor (2002) reported aphenol content ranging from 

34 to 400 mg 1 OOg'1 in some Asian vegetables.

Significant variation was observed in the flavanoid content of most of the 

leafy vegetables under study, which varied from 178.12 to 962.56 mg 100 g '1. The 

mean flavanoid content was found to be 586.61 mg 100 g '1.

The methanol extractable crude alkaloid content of the leafy vegetables 

varied from 0.72 to 1.99 per cent with the lowest in-Thakara and the highest value 

in Kandariyila. Significant variation was observed in the leafy vegetables under 

study with a mean alkaloid content of 1.51 per cent. The value obtained in the 

study was found to be lower than the value reported by Gins et al. (2001) who 

reported high alkaloid content of 5.85 per cent in some leaves.

5.2 ACCEPTABILITY OF LEAFY VEGETABLES

The acceptability of the ten selected leafy vegetables were determined 

using score card method. Attributes such as appearance, colour, flavour, texture 

and taste were the various criteria evaluated for this method.

Significant variation was seen in the quality parameters among the leafy 

vegetables under study. Colour and appearance were found to be highest for 

Churuli while for flavour, the highest score was for Kandariyila. Taste and 

texture were found to be highest in Kannisoup and Murikkila respectively. An 

overall acceptability score of above 18 out of the total score of 25 was obtained 

for Chumalacheera, Churuli, Kandariyila, Kannisoup, Murikkila and Ponnankanni 

while the rest of the leaves namely Ambasheppu, Kozhuppa, Thakara and Valiya
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kadaladi had an overall acceptability score in between 13 and 14.6Among the 

leafy vegetables, Churuli was found to be the best with respect to the overall 

acceptability and the least score was obtained for Kozhuppa. The lowest score 

obtained for the various quality parameters and overall acceptability may be due 

to the unfamiliarity of these leafy vegetables in our dietMathew (2000) also 

reported similar findings in which the authors observed high acceptability for 

Amaranthus (21.15) when compared to other eight leafy vegetables m which the 

score varied from 16.30 to 18.90.

5.3 CLUSTER ANALYSIS OF LEAFY VEGETABLES

Based on the chemical composition, the green leafy vegetables were 

grouped into four clusters, cluster I comprised of Churuli, Kandariyila and 

Murukkila, while cluster II and cluster III had only one member each with 

Kozhuppa and Valiyakadaladi respectively. Ambasheppu, Chumalacheera, 

Kannisoup, Ponnankanni and Thakara were included in cluster IV.

The cluster means for phosphorus, oxalates and nitrates were 90.10 mg, 

0.21 g and 0.02 g 100 g'1 respectively in cluster I. Kozhuppa was the only member 

o f cluster II which had a moisture content o f 90.42 per cent. The protein (5.56 g), 

fat (0.73 g), fibre (2.56 g), total carbohydrates (3.81 g), calcium (669.67 mg), iron 

(70.23 mg), sodium (8.67 mg), potassium (1170.83 mg), p carotene (1879.41pg) 

and flavanoid (890.49 mg) per 100 g was found to be high in Valiya kadaladi 

which was included as the sole member of cluster HI . The mean oxalate and 

nitrate content were 0.09 and 0.02 per cent respectively. In cluster IV, the cluster 

means for vitamin C and phenol were 115.98 mg and 38.56 mg 100 g '1 . The 

mean nitrate content was found to be 0.02 per cent.

The cluster I, IH and IV were found to have a similar nitrate content of 

0.02 per cent. The oxalate content was found to be high in clusterl (0.21 g lOOg'1)
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The intra-cluster distance was found to be maximum for cluster IV (3.276) 

among the four intra-cluster distances. This may be due to more number of leafy 

vegetables included in this cluster. As cluster II and III had only one member 

each, no intra-cluster distance is measurable.

Maximum intercluster distance was found in between cluster II and 

cluster III. This wide variation is mainly attributed to Valiya kadaladi, whose 

nutrient contents were higher in comparison with that of the leaves of Kozhuppa 

The inter cluster distance between cluster III and cluster IV (4.79) were found to 

be higher than between IH and I (3.35).

Valiya kadaladi which was included as the sole member of cluster III was 

found to be the best with respect to higher nutrients and lower anti-nutritional 

factors. Though Valiya kadaladi was having a high content of macro and micro 

nutrients, the overall acceptability was found to be low when compared to other 

leafy vegetables under study. The acceptability can be improved by incorporating 

ingredients to improve the taste and other quality attributes of the recipe according 

to the taste preference of the consumers.

Since the leafy vegetables included in the present investigation are rich in 

nutrients, future research should be focused to develop value added products using 

these leafy vegetables. Moreover the leafy vegetables can be subjected to genetic 

improvement to further enhance the various quality attributes.
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SUMMARY

The study on ‘Quality evaluation of selected leafy vegetables consumed by 

the tribes of Wayanad District’ was undertaken to evaluate the chemical 

composition and acceptability of ten leafy vegetables. The ten leafy vegetables 

selected for the study were Ambasheppu, Chumalacheera, Churuli, Kandariyila, 

Kannisoup, Kozhuppa, Murikkila, Ponnankanni, Thakara and Valiya kadaladi.

The nutrient constituents such as moisture, protein, fat, crude fibre, total 

carbohydrates, calcium, phosphorus, iron, sodium, potassium, p carotene and 

vitamin C were analysed. Other constituents like phenols, flavanoids and 

methanol extractable crude alkaloids were also estimated. The anti-nutritional 

factors namely oxalates and nitrates were estimated in the leafy vegetables under 

study. All the values were expressed on fresh weight.

The study revealed that the moisture content of the selected leafy 

vegetables varied from 74.84 per cent to 90.42 per cent with Kozhuppa having 

the highest moisture content. The protein content of the leafy vegetables varied 

from 2.24 to 5.65 per cent, with Thakara having the highest protein content. The 

fat content was in the range of 0.18 to 0.79 per cent, with the highest fat content in 

Kandariyila.

The crude fibre content of the ten leafy vegetables varied from 0.48 to 

2.56 per cent. Valiya kadaladi was found to have the highest crude fibre content 

among the ten leafy vegetables analysed. Total carbohydrate content of the leaves 

was found to be higher in Kannisoup (5.46%) and lowest in Kozhuppa (1.51%).

Among the minerals, the calcium content varied from 142.43 to 669.67 mg 

100 g-1 in the ten leafy vegetables. The highest calcium content was observed in 

Valiya kadaladi. The phosphorus content o f the leafy vegetables varied from
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22.86 to 124.61 mg 100 g*1 with Kandariyila having the highest phosphorus 

content. The iron content of the leafy vegetables varied from 1.59 to 75.81 mg 

100 g '1. Kannisoup was found to have the highest iron content among the selected 

leafy vegetables.

The sodium content was in the range of 2.59 to 8.95 mg 100 g'1 in the 

selected leafy vegetables, with Kandariyila having the highest sodium content. 

The potassium content <?f the ten leafy vegetables varied from 266.00 to 1231.37 

mg 100 g"1 . Kannisoup was found to have the highest potassium content among 

the ten leafy vegetables analysed.

The P carotene content of the leafy vegetables was in the range of 3,40.5 to 

1879.41 irg 100 g"1 with Valiya kadaladi having the highest content. The study 

revealed that the vitamin C content of the ten leafy vegetables varied from 31.61 

to 222,22 mg 100 g '1 with Chumalacheera having the highest value.

Considering the anti-nutritional factors in the leafy vegetables, the oxalate 

content varied from 0.015 to 0.300 per cent with Kandariyila having the highest 

content and Kozhuppa, the lowest. The nitrate content of the leafy vegetables 

varied from 0.013 to 0.031 per cent with Kandariyila having the highest and 

Kannisoup having the lowest nitrate content.

The total phenol content varied from 11.97 to 49.71 mg lOOg’1 with 

Chumalacheera having the highest phenol content. The flavanoid content of the 

leafy vegetables varied from 178.12 to 962.56 mg 100g_i with Kandariyila 

showing the highest value.

The methanol extractable crude alkaloid content of the leafy vegetables 

varied from 0.72 to 3.99 per cent. Kandariyila was found to have the highest 

methanol extractable crude alkaloid content among the ten leafy vegetables under 

study.
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Average nutritive value of the leafy vegetables varied from 7.56 to 48.11 

with Valiya kadaladi having the highest value and Murikkila with the lowest 

value.

The acceptability of the selected leafy vegetables was assessed after 

cooking using five point hedonic scale by ten judges. The attributes evaluated 

were appearance, colour, flavour, texture and taste. The total scores ranged from

13.2 to 20.0 for the selected leafy vegetables. Churuli with the highest mean score 

was found to be highly acceptable. The leafy vegetables were found to be 

acceptable organoleptically.

On the basis o f cluster analysis, the leafy vegetables were grouped into 

four clusters. Cluster I included Churuli, Kandariyila and Murikkila, which were 

found to be high in anti-nutritional factors namely oxalates and nitrates. 

Kozhuppa, which was high in the moisture content was included in cluster II. 

Valiya kadaladi was included in Cluster III. Cluster IV includes Ambasheppu, 

Chumalacheera, Kannisoup, Ponnankanni and Thakara which were found to be 

high in vitamin C and phenol. Valiya kadaladi which was the sole member of 

cluster III was found to be the best in terms of nutrient contents and lower anti- 

nutritional factors.
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ABSTRACT

The study entitled ‘Quality evaluation of selected leafy vegetables 

consumed by the tribes of Wayanad District’ was undertaken to estimate the 

nutrient composition, anti- nutritional factors and organoleptic qualities of the ten 

leafy vegetables consumed by the tribal communities of Wayanad district.

The leaves were analysed for moisture, protein, fat, crude fibre, total 

carbohydrates, calcium, phosphorus, iron, sodium, potassium, carotene and 

vitamin C. The results revealed that among the nutritional constituents, protein 

content was highest in Thakara than the other nine leafy vegetables. The fat , 

phosphorus, and sodium were highest in Kandariyila, where as Kannisoup had the 

highest value for total carbohydrates, iron and potassium. The highest crude fibre, 

calcium and p carotene were in Valiya kadaladi. Chumalacheera was found to 

have the highest vitamin C content among the ten leafy vegetables studied.

The anti-nutritional factors namely oxalates and nitrates in the leaves 

indicated that Kandariyila had the highest oxalate and nitrate content. Oxalate 

content was found to be low in Kozhuppa, while Kannisoup had the lowest nitrate 

content.

Other chemical constituents like phenols, flavanoids and methanol 

extractable crude alkaloids were also estimated. The total phenol content was 

highest in Chumalacheera whereas, the flaVanoid and methanol extractable crude 

alkaloid contents were found to be highest in Kandariyila.

The average nutritive value computed on the basis of nutrient content of 

the leafy vegetables revealed that Valiya kadaladi had the highest nutritive value 

among the leafy vegetables selected for the study.



Organoleptic evaluation of the leafy vegetables indicated Churuli as the 

most acceptable one.

Based on the nutrient and anti nutrient composition, the leafy vegetables 

were grouped into four clusters, each cluster containing similar leafy vegetables. 

Cluster I contained Churuli, Kandariyila and Murikkila. Kozhuppa and Valiya 

kadaladi were included in Cluster II and III respectively. Ambasheppu, 

Chumalacheera, Kannisoup, Ponnankanni and Thakara were included in Cluster 

IV. Valiya kadaladi, which was included as the sole member of Cluster III, was 

found to be the best with respect to higher nutrients and lower anti-nutritional 

factors.


