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INTRODUCTION

Vegetables being rich in nutrients, occupy a prominent position among 

foods and a distinct place in the balanced diet. Green leafy vegetables abound in 

our country are known to be the most inexpensive source of several vital nutrients. 

Leafy vegetables are appreciated because, they not only supply the protective 

nutrients and add variety to a monotonous diet, but also have an attractive taste, 

pleasing appearance and aroma.

The commonly consumed green leafy vegetables in India such as, 

amaranth, drumstick, spinach, etc., are termed as 'poor man’s luxury’ due to their 

unassuming way of production, response to basic health needs, their wide range of 

choices and essential cheapness. The severity of micronutrient malnutrition widely 

prevalent in India can be easily reduced, if the consumption of green leafy 

vegetables is actively promoted, especially among the low income groups of the 

population. The affluent lot can also benefit by eating these vegetables as these 

contain antioxidants which offer protection against many chronic diseases like 

heart disease and certain types of cancers (Saxena, 1999)

Green leafy vegetables are one of the best sources of vitamin C’. 

riboflavin and iron for vegetarians. They are a rich source of beta carotene, folic 

acid, calcium, and vitamin K. Leafy vegetables are also a good source of dietary 

fibre, particularly soluble fibre and fatty acids (a  linolenic acid) which has 

hypocholestcvolaermc and hypotriglycendaemic effects in humans. The dry mallei 

of leafy vegetables are good in proteins also (Saxena, 1999).

A daily intake of at least 100 g of fresh green leafy vegetables is 

recommended by the nutrition experts (Reddy, 1999). Besides the commonly 

consumed leafy vegetables in India, a great variety of less familiar green leafy 

vegetables are also used locally m different parts of the country. The lack of
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knowledge especially on the nutritive value of these leafy vegetables among the 

public in general is a main draw back in their production and consumption.

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

important quality parameters like nutrient composition, anti-nutritional factors and 

acceptability of different leafy vegetables. Hence the present study on the quality 

attributes of leafy vegetables was attempted with the following objectives.

1) To analyse the nutrient composition and antinutntional factors of different 

leafy vegetables.

2) To assess the organoleptic qualities of the leafy vegetables.
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2. REVIEW OF LITERATURE

Literature relevant to the study entitled Quality attributes of selected 

leafy vegetables' is reviewed in this chapter under the following sections.

1. Nutritional importance of leafy vegetables

2. Composition of leafy vegetables

3. Anti-nutritional factors in leafy vegetables

4. Seasonal variation m the composition of leafy vegetables

5. Organoleptic evaluation of leafy vegetables

2.1 Nutritional importance of leafy vegetables

Leafy' vegetables are chiefly the green leaves of certain species of plants 

which have no poisonous alkaloids and do not cause any gastrointestinal 

disturbance, when they are consumed as food (Aman, 1969).

A wide variety of leaves like amaranth, drumstick, mint, curryleaf, 

palak, fenugreek etc. are used as vegetables in India. Green leafy vegetables are in 

general the cheapest source of protective nutrients like calcium, iron, beta- 

carotene, riboflavin, folic acid and ascorbic acid, all of which are essential for 

growth and maintenance of normal health (Devadas and Saroja, 1979, Mohidean 

et al., 1982, Ramadasmurthy and Mohanram, 1984, Bressani et al., 1986, Gopalan 

et al., 1989, Luthra and Sadana, 1995). Despite their availability all the year round, 

leafy vegetables are not consumed in sufficient quantities or frequently enough to 

prevent the deficiencies of iron, vitamin A, riboflavin, folic acid and vitamin C 

(Emiru, 1971). Vyayaraghavan (1996) indicated that green leafy vegetables like 

spinach (palak), amaranth, creeper spinach (Basella alba), drumstick leaves, agathi 

(Sesbania grandijlora) etc., which are affordable by the rural or urban poor are 

ubiquitous in India and they are the major inexpensive dietary sources of 

provitamin A. The most rational and sustainable long term solution to control 

vitamin A deficiency and to improve vitamin A nutnture of individuals is to ensure
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regular inclusion of provitamin A rich foods in the daily diet (Vijayaraghavan. 

1996; Kowsalya and Chandrasekhar, 1999).

The commonly consumed green leafy vegetables in India such as 

spinach, amaranth, fenugreek, mustard, drumstick, mint, radish leaves, coriander 

leaves, curry leaves etc. are rich and inexpensive sources of beta-carotene and 

hence, the most convenient way of ensuring adequate vitamin A intake is to 

include green leafy vegetables in the diet (Bressani el al., 1986, Gopalan, 1989; 

NIN, 1993, Vijayaraghavan, 1994; Thimmayamma and Pasricha, 1996). Inclusion 

of 30-50 g of green leafy vegetables like amaranth in the daily diet can meet the 

daily requirement of vitamin A (Gopalan el al., 1989, Reddy, 1999).

The carotenoid content of several dark green vegetables is found to be 

associated with a lower risk of various epithelial cancers (Reddy, 1999).

Devadas and Saroja (1979), conducted a study on the availability of iron 

and beta-carotene from amaranth among children and indicated that Amaranthus 

species are excellent sources of iron and beta-carotene and daily inclusion of 

amaranth in the diet of children could help to alleviate iron and vitamin A 

deficiencies. Beegum and Pererta (1990) reported that the daily inclusion of about 

50-80 g of amaranth in our diet would considerably help to meet the 

Recommended Dietary Allowance (RDA) of vitamins and minerals. Among the 

leafy vegetables amaranth is the best to improve the iron nutritional status of 

adolescents (Devadas et a/.. 1992)

Chekkurmams, one of the popular green leafy vegetables in South India, 

'commonly known as multi-vitamin and multi-mineral packed leafy vegetable, is 

very high in nutritive value as compared to the annual vegetables such as 

amaranthus, Ceylone spinach, water leaf, spinach and palak (Ramachandran cl al.. 

1980)
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According to Peter (1979) and Nautiyal and Raman (1987) drumstick 

leaves are more nutritious than most of the commonly used vegetables Apart from 

calcium, phosphorus, iron and trace minerals like copper and iodine, drumstick 

leaves also contain tocopherols (vitamin E), estrogenic substances and some 

important enzymes (Gopalan, 1982). These leaves are good sources of protective 

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

to Manay and Shadaksharaswamy (1995), drumstick leaves are considered useful 

in scurvy and catarrhal affliction.

The young shoots and tender leaves of Chaya’ an underexploited 

vegetable are reported to be high in protein, calcium, iron, thiamin, riboflavin, 

niacin and ascorbic acid.(National Academy of Sciences (NAS) 1975). According 

to Imungi and Potter (1983) Cowpea leaves are rich in minerals like iron, calcium, 

phosphorus and zinc.

Islam el al. (1987) identified Atriplex triangularis leaves as a viable 

candidate for introduction as a new leafy vegetable particularly in parts of the 

world were high salinity and desertification are serious problems Even though, 

these contain only moderate quantities of protein, ascorbic acid and vitamin A, 

they have the potential of making a significant impact on the dietary intake of the 

population living on deserts and saline land.

The unconventional leafy vegetables like drumstick leaves, math, 

katemath, bharangi and kawala, found in the forest and cultivable waste land of 

Konkan region contained comparatively higher amounts of crude protein, crude 

fat, ash, crude fibre and total carbohydrate (Shingade el at., 1995).

Almazan and Begum (1996) analysed peanut greens to determine the 

nutritional quality and reported variation in the nutrient and ami-nutrient 

concentrations of different varieties of peanut greens grown under different 

production methods
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Results of the study conducted by Kowsalya and Mohandas (1999) 

indicated that cauliflower leaves are rich in macro and micro nutrients. The leaves 

are an excellent source of anti-oxidants like beta-carotene, vitamin C and minerals 

like iron, selenium, copper and zinc that are related to anti-oxidant enzymes.

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

carpinifolia, Hibiscus congestiflorus and Triplochiton scleroxylon were analysed 

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

Survey conducted by Uiso and Johns (1996) in Tarime District of 

Tanzania revealed that the leaves of cultivated or wild species of Crotalanu 

brevidens were eaten at least weekly by 69 per cent of the respondents and 

provided better nutritional contribution in their diet.

Owing to the high nutritive value of green leafy vegetables, several 

preservation techniques and products based on dried leaves have been formulated. 

Fathima and Begum (1998) reported microwave drying as a highly suitable method 

for greens such as amaranth, where as it is moderately suitable for shepu and 

fenugreek and less suitable for coriander and mint. Dned powder of green leafy 

vegetables, a rich source of iron and beta-carotene was exploited in preparation of 

snack products by Kushwaha et al. (1998) and the results showed that spinach leaf 

powder and cauliflower leaf' powder can be used to alleviate the problem of 

micronutrient deficiencies.

Lakshmi and Vimala (1998) conducted studies for the development of 

nutritious dehydrated green leafy vegetable powders and blends usmg amaranth 

(Amaranthus gangeticus), curry leaves (Murraya koenigis), gogu (,Hibiscus 

cannabinus) and mint (Mentha spicata). Amaranth powder was found to be rich in 

proteins, calcium, iron, magnesium and zinc. Curryleaf powder was found to be 

rich m fibre, ascorbic acid, beta-carotene and copper while gogu and mint powders 

were fair sources of all the nutrients.
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In order to make green leafy vegetables available to Armed Forces 

deployed at high altitudes, deserts and seas, instant vegetable-dhal curry mixes 

based on spinach (Spinacia oleraceae), fenugreek (Trigonelia fuenum graecum), 

drumstick leaves (Mortnga oleifera), khatipalak (Rumex vesicarius) and shepu 

(Peuceciani/m gmvcoleus) were developed at the Defence Food Research 

Laboratory. Mysore (Palki el a/., 1998). Premavalli cl al (1998) analysed two 

instant savoury mixes based on fenugreek leaves and chakota leaves with turdhal 

and green gram dhal with suitable spice mixtures which have been developed to 

supplement the vitamins, minerals and proteins in the packed rations of Armed 

Forces. According to the authors, these products contained 28 and 15 per cent fat 

and 13 and 25 peT cent protein and had good stability during storage.

Inorder to incorporate green leafy vegetables in the food supplements of 

children in the low socioeconomic groups of Banglore and Mysore as a source of 

iron and vitamin A, Rau cl al. (1998), formulated six food products, viz., uppittu, 

bisbele bhath, mixed pulses, sandwich, chapathi and dhokla. The study revealed 

that an amount of 50 g of gTeen leafy vegetables could be incorporated in these 

preparations to obtain an acceptable product. The amount needed to provide the 

entire day’s requirement as found to be still higher.

2.2 Composition of leafy vegetables

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

water within the range of 73.1 to 91.1 per cent (Kaur and Manjrekar, 1975, 

Jijiamma, 1989).

Philip ei al. (1981) reported that the moisture content of curry leaves is 
66.3 per cent.

The moisture content of ten unconventional leafy vegetables found in 

the forest and cultivable wasteland of Konkan was studied by Shmgade el al. 

(1995) and indicated that the moisture content varied from 76.4 to 91.9 per cent.
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Nambiar and Seshadri (1998) analysed sixteen green leafy vegetables 

consumed frequently by the rural and tribal population of the Western region of 

-India for moisture and reported that it varied from 78.4 and 92.5 per cent, the 

highest being in Hasella rubra.

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.

Longvah (2000) reported the moisture content of green leafy vegetable 

from North-East India as 85 per cent.

Sreeramulu (1982) conducted a study on the chemical composition of 

some green leafy vegetables grown in Tanzania and reported that the moisture 

content of these vegetables varied from 75.6 per cent to 90.8 per cent, the 

minimum bemg in Moringa oleifera and the maximum in Portulaca oleracea. The 

moisture content of Alternanthera sessils, Hasella alba and Ipomoea acquatica 

was found to be 80.8 per cent, 90.2 per cent and 90.3 per cent respectively while 

that of Amaranthus varieties varied from 82.2 per cent to 86.2 per cent. The 

moisture content of Hasella alba and Talinum triangulare grown in Northern parts 

of Nigeria was found to be 93.9 per cent and 94.1 per cent respectively (Faboya, 

1983).

The water content of popular Chinese green leafy vegetables was found 

to vary from 89.5 to 96.8 per cent (Wills el a 1984a). According to Wills et al 

(1984b) Australian green leafy vegetables had a moisture content of 86.8 to 92.9 g 
100 g'V

The moisture content of different green leafy vegetables like Atriplex 

triangularis, spinach, mustard greens, Amaranthus hypochondnacus, 

Chenopodium aumoa, celosia, Pterocarpus mildbraedii, tender tamarind leaves 

Allium tuberosum, Amaranthus tricolor, ‘Arka Suguna’ a pure line selection
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amaranth from Taiwanese introduction, Arve the local control and Ipomoea 

acquatica was analysed by various authors and reported that the values ranged 

from 70 5 to 92 5 per cent (Wills et al., 1984a, Islam ei al., 1987, Prakash et a l . 

1993, Akpanyung et al., 1995, Shingade et al., 1995; Shankaracharya, 1998, 

Varalakshmi et al., 1998).

Green leafy vegetables are a good source of protein and the dry matter 

of leaves contain as much protein as legumes (Reddy, 1999).

Amaranthus species are known to contain high levels of protein 

(Mugerwa and Bwabye, 1974). A high yieldmg short duration type of Amaranthus 

belonging to amaranthus gangeticus L. released as an improved strain by Tamil 

Nadu Agricultural University (TNAU), Coimbatore as CO-2 contained 8,5 g of 

protein per 100 g of edible matter (Rajagopal et al., 1977). Reddish green keera is 

reported to contain more protein than Amaranthus green (Kerala Agricultural 

University (KAU) 1984). On dry weight basis, CO-3 culture amaranthus contained 

12.5 per cent protein (Mohideen et al., 1985).

According to Castanedac et al. (1986) the protein content of 

Amaranthus is similar to that of spinach. George (1986) indicated higher protein 

content in red pigmented lines of amaranth while lower protein content (1.7 g 

100 g'1) in ' Arka Suguna’ a new multicut amaranth variety was reported by 

Varalakshmi et al. (1998) as against the control ‘Arve’ (4 g 10Q g'1). Awoymka et 

al (1995) reported high level of crude protein in cassava leaves, compared to 

amaranthus.

The protein content of different green leafy vegetables like 

chekkurmams, amamanth, spinach, drumstick leaves, tender tamarind leaves and 

coriander leaves and curry leaves were analysed by Menon (1980), Ramachandran 

et al. (1980), Philip et al. (1981), Gopalan el al. (1989), Prakash et al. (1993),
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Shmgade el a l  (1995), Raja el aI (1997) and Shankaracharya (1998) and reported 

that the values varied from 1.4 g to 6.8 g 100 g'1 of leaves.

The protein content of Chenopodium album, Cicer arietinum, Brassica 

campestris and Spinacea oleracea leaves ranged from 2.29 to 31.5 per cent 

(Awasthi and Abidi, 1985).

The protein content of Atriplex triangularis leaves was found to be 2.9 

per cent compared to 3.1 per cent of spinach and 2.1 per cent of mustard green 

(Islam et a!., 1987). According to Bressani et al (1988) chiplin contained higher 

amounts (7.6%) of protein than amaranth (4.4%) and spinach (2.8%).

According to Gupta et a l  (1989), protein content in amaranth, 

drumstick, fenugreek and pumpkin leaves varied from 25.1 per cent to 28.5 per 

cent on dry weight basis (DWB), while in colocasia and neem it was in lower 

range of 15.7 to 18 per cent.

Nutritive value of four varieties of tribal greens found in the weaning 

food of tribal children was analysed by Chandrasekharan et al. (1990) and they 

reported that Seekaisappu (Acacia concinna), Gurukaku (Tnanthema), Sokathi 

(Chenopodium) and Silkasi (Amaranthus) contained 3.9, 1.7, 3.8 and 3.8 g 100 g '1 

of protein respectively.

According to Prakash et a l  (1993), protein content in Chenopodium 

ranged from 2.7-6 per cent and in Celosia from 2.8-5.1 per cent. Prakash et al. 

(1995) analysed 22 accessions belonging to five species of Celosia for proteins and 

reported that the values varied between 2.1 and 5.9 per cent. According to 

Neeliyara (1998) the protein content of the leaves of five winged bean genotypes 

varied from 3 to 4 per cent.

The maximum crude protein content among the ten unconventional 

leafy vegetables found in the forest and cultivable wasteland of Konkan, was
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observed to be 7 per cent in drumstick leaves, while Tricholepis ampelxicaulis and 

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

(Shingade et al., 1995). The protein content of green leafy vegetables from North- 

East India which varied from 3.1 to 4.9 g iOOg'1 was comparable to that of other 

commonly consumed green leafy vegetables like amaranth, brussel sprouts, 

fenugreek leaves and mustard leaves (Longvah, 2000).

ffon and Bassir (1980), Wills el al. (1984a) and Cnewya (1985), 

analysed the green leafy vegetables in Nigeria, China and Kenya respectively and 

reported that the protein content varied from 0.3 to 36 per cent.

Mosha el al (1995) found that the crude protein content of Tanzanian 

leafy- vegetables like amaranth, cowpea, peanut, pumpkin and sweet potato was m 

the range of 20.64-46.56 per cent.

Aletor and Adeogun (1995) reported the mean crude protein content of 

Nigerian leafy vegetables on dry weight basis as 19 3 g 100 g'1, while Akpanyung 

el al. (1995) reported 25.84 per cent protein on dry weight basis in Pterocarpus 

mildbraedii another Nigenan leafy vegetable.

Eight green vegetables commonly grown in Dar es Salaam was analysed 

by Raja el al. (1997) for crude protein and reported that it ranged between 1.03 to 

5.23 per cent on fresh weight.

According to Wallace el al. (1998), the protein content of the leaves of 

Xamhosomas mafaffa, Ipomoea involucrata, Launaea taxaracifolia, four non- 

conventional leafy vegetables in Ghana, ranged between 2.6 and 3.42 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). 

Fafunso and Bassir (1976) reported high quality protein in Tete (Amaranthus 

hybridus), Ewedu {Corchorus olitorius), Igbo {Solatium africana), Ogunmo
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(,Solatium nudiflorum), Gbure (Talinum triangulare) and Ewuro (Vernoma 

amygdalina). The authors also indicated that the biological value of proteins from 

four leafy vegetables viz. Talinum triangulare, Solanum africana, Celosia 

argentea and Amaranthus hybridus were in the range of 83.2 to 84.1 per cent. The 

true digestability values of the proteins in the four green leafy vegetables were 

almost similar and ranged from 80 per cent in Celosia argeniea to 82 6 per cent in 

Amaranthus hvbridus. The protein efficiency ratio of leaf proteins varied from 1.58 

to 1.61.

Awasthi and Abidi (1985) reported that Chenopodium album, Cicer 

arietinum, Brassica campestris and Spinacia oleracea leaves are qualitatively 

potential source of protein Certain amino acids like methionine and tryptophan 

present in these green vegetables were in the range of 0.054-0.11 g 16 g'1 N and 

0.119-0.835 g 16 g '1 N.

The ammo acid composition of certain amaranthus species was 

evaluated by (Vijayakumar and Shunmugavelu, 1985) and reported that these are 

rich in certain essential amino acids.

Nag and Matai (1991) estimated the amino acid composition of the 

cytoplasmic fraction of leaf protein from Ailanthus excelsa and reported an 

excellent balance of essential amino acids in leaf proteins.

Free amino acid content in certain unconventional leafy vegetables 

was analysed by Handique(1993) and detected twelve free ammo acids including 

seven essential amino acids in various concentrations.

Crude fat of leafy vegetables, though present in lower quantities, has a 

special significance because of the presence of carotenoids (provitamin A), vitamin 

E and vitamin K and some polyunsaturated fatty acids among its major 

constituents (Davidson et a!., 1973).
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According to Philip et al. (1981) and Shankaracharya (1998). the fat 

content of curry leaves and tender tamarind leaves varied from 0.5 to 2.1 per cent.

Lipid composition of eight varieties of Amaranthus was determined by 

Lorenz and Hwang (1985) and reported that free lipid content varied from 5.69 to 

7.23 per cent and bound lipids from 0.42 to 0.91 per cent.

Lucas (1988) determined the ether extract of Amaranthus, Basella alba 

and Talinum triangulare and indicated the fat content as 2.6, 7.2 and 14.9 per cent 

respectively on the basis of dry matter.

Hundred gram of green leafy vegetables like amaranth, gogu and 

fenugreek provide on an average 0.34 g of fat and these leaves contain high 

amounts of alpha-hnoleic acid.(National Institute of Nutrition (NIN} 1990).

Murcia et al (1992) reported the total lipid content of raw spinach as 

0.61 per cent. Shingade el 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 0.9 per cent. The maximum crude fat was observed 

in drumstick leaves (0.96%), Amaranthus tricolor (0.8%) and Kawala (0.7%) 

while the rest of the vegetables contained 0.4 per cent of crude fat.

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

leaves of five winged bean genotypes available in Kerala.

Fat content of green leafy vegetables from North-East India varied 

from 0.4 to 1.9 per cent(Longvah, 2000).

Different green leafy vegetables grown in Nigeria were analysed for fat 

content by Ifon and Bassir (1980), Achinewhu et al. (1995), Akpanyung et al. 

(1995) and Aletor and Adeogun (1995) and reported that it varied from 2.7 per cent 

to 22.6 per cent on dry weight basis.
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Wills el a! (!984a) indicated low fat content m Chinese vegetables Fat 

content of Anummthus tricolor and Ipomoea acquaticu varied from 0.4 and 0.5 g 

100 g'1 of edible portion.

Crude fat content of Tanzanian vegetables was in the range of 2.57 to 

4.34 per cent, the lowest being in amaranthus and the highest in cowpea leaves 

(Mosha el al., 1995)

The predominant fatty acids of spinach was analysed by Murcia el al. 

(1992) and reported that the fatty acids in this leafy vegetable are palmitic (16:0), 

hexadecadienoic (16:2), hexadecenoic (16:1), stearic and hexadecatrienoic (18:0 

and 16:3), oleic (18.1), linoleic (18:2) and linolemc (18:3) acids.

The, predominant fatty acid of Chenopodium was found to be from the 

omega 3 series and out of the total fatty acids, Chenopodium album contained 4.33 

per cent of fatty acids of omega 3 series (Guerrero and Isasa, 1997).

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

digested by endogeneous secretions of human gastrointestinal tract, is effective in 

reducing the incidence of obesity, hypercholesterolemia, heart disease, diverticular 

disease and colon disease (Trowell, 1976). According to Reddy (1999) benefits of 

dietary fibre can be had by increased consumption of green leafy vegetables which 

also increases the faecal bulk and prevents constipation.

K.aur and Manjrekar (1975) studied the chemical composition of green 

leafy vegetables available in Northern India and found that the crude fibre of 

mustard greens, spinach, mint and coriander leaves are 1.0, 0.9, 1.0 and 1.2 per 

cent respectively.

Biochemical analysis of CO-2 Amaranthus revealed that it had 1.3 g of 

crude fibre (Rajagopal ei al., 1977). CO-3 culture Amaranthus contained 17.4 per 

cent crude fibre on a diy weight basis (Mohideen et al., 1985). Amaranthus
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hypochondriacus and Amaranthus edulis were found to have a high content ol 

fibre thus making them less palatable while CO-1 {Amaranthus dubius) and CO-2 

(Amaranthus gangeficus) types presented a low crude fibre content and both were 

found to be highly palatable (Vijayakumar and Shunmugavelu, 1985).

John et al. (1987) observed 2.3 g of total dietary fibre in 100 g of 

Amaranthus tricolor, while Bressani et al. (1988) and Shingade et al. (1995) 

reported 1.3 per cent to 1 8 per cent fibre content in this leafy vegetable. Lucas 

(1988) and Mosha et at. (1995) indicated that crude fibre content of amaranth on 

dry weight basis varied ffom 9.1 to 21.25 per cent.

The fibre content of chekkurmanis leaves, curry leaves, drumstick 

leaves and tender tamarind leaves was found to be 2.5, 6.4, 0.9 and 1.9-3 per cent 

respectively (Ramachandran et al. (1980), Philip et al. (1981), Gopalan (1982), 

Shankaracharya (1998).

Gupta and Waglc (1988) reported that the crude fibre content of green 

leafy vegetables ranged ffom 7.2 to 13.95 per cent.

Lucas (1988) found that crude fibre content of Basella alba and Talinum 

triangulare were 14.1 per cent and 9.61 per cent of dry matter respectively.

Ghol and cowpea leaves contained 1.6 per cent and 2.1 per cent crude 

fibre respectively (Gopalan et al., 1989).

According to Gupta et al. (1989) the tender leaves of amaranth, 

colocasia, drumstick, fenugreek, neem and pumpkin are good sources of neutral 

detergent fibre and acid detergent fibre.

Crude fibre content of four varieties of tribal greens found in the 

weanmg food of tribal children viz., Seekaisappu (Acacia concinna), Gurukaku 

(Trianlhema), Sokathi (Chenopodium) and Silkasi (Amaranthus) was 2.9, 1.1, 2.2
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and 0.9 g 100 g '1 respectively. The low fibre content would have been the reason 

for including these greens in the infants diet as it will not irritate the delicate gastro 

intestinal tract of the infant (Chandrasekhar et at., 1990).

Total dietary fibre content of 4 green leafy vegetables viz. amaranth, 

spinach, gogu and bacchah varied from 1.6 to 2.6 g per cent (N1N, 1994a). The 

study also revealed that green leafy vegetables had 0.8 to 1.3 g per cent of the 

soluble fibre

According to Shmgade et al. (1995), the species with more succulent 

growth contained less fibres than woody perrennials Ipomoea acquatica contained 

1.4 per cent crude fibre. Bharangi (2.4%), Kawala (2.4%), drumstick leaves (2 2%) 

and cowpea leaves (2.1%) recorded high fibre content while spinach (0.7%) and 

phodsi (1.0%) were low in crude fibre.

Leaves of Chenopodium species had high fibre contents ranging from 4- 

6 g 100 g'1 (Guerrero and lsasa, 1997).

Neeliyara (1998) reported that the fibre content in five genotypes of 

winged bean leaves varied from 16.8 to 19.4 per cent on dry weight basis.

Rao and Ramulu (1998) analysed the most commonly consumed green 

leafy vegetables for their dietary fibre and its fractions, and indicated that majority 

oi them contained 2.5 to 6.6 g per cent Total Dietary Fibre (TDF), 1.6 to 5.1 g of 

Insoluble Dietary Fibre (IDF) and 0.9 to 1.5 g per cent Soluble Dietary Fibre 

(SDF). However, Altemcmthera sesstls (8.0 g %), Sesbania grandijlora (8.4 g %), 

drumstick leaves (9.0 g %), tender tamarind leaves (10.6 g %) and curry leaves 

(16.3 g %) contained relatively higher contents of dietary fibre. All the green leafy 

vegetables, except tender tamarind leaves (11%), Alternanihera sessils (13%) and 

curry leaves (18%), the SDF content as percentage of TDF was more than 20 per 

cent of TDF and it ranged from 21-38 per cent.
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The fibre content of Nigerian green leafy vegetables was reported to 

vary from 8.5 to 20.9 per cent (Ifon and Bassir,, 1980). According to Aletor and 

Adeogun (1995), the mean crude fibre content of 17 dry leafy vegetable species in 

Nigeria was 15 3 g 100 g'1 while the fresh counter parts contained 3.2 g 100 g'1. 

Fibre content of Pterocarpus mildbraedii found in Nigeria was found to be 7.56 

per cent on dry weight basis (Akpanyung et al., 1995).

According to Sreeramulu (1982), Cassia lora, Gynandropsis gynandra, 

Solatium nigrum, Moringa oleifera and Basella argentea, the leaf vegetables 

grown in Tanzania had low fibre contents of 11.8, 8, 8.3, 5.7 and 7 g 100 g '1 dry 

weight respectively. Fibre content of Altemanthera sessils, Basella alba and 

Ipomoea acquatica were 10.4, 7 and 12.3 g 100 g'1 dry weight.

The dietary fibre content of the green leafy vegetables grown in 

Australia, ranged from 1.7 to 4.5 g 100 g'1 with highest bemg in brussel sprouts 

and broccoli (Wills et al., 1984b).

Dietary fibre content of Chinese vegetables varied from 1 1 to 4.6 g 

100 g'1, being highest in Amaranlhus tricolor. Ipomoea acquatica had 3 g 100 g '1 

of dietary fibre (Wills et a l , 1984a).

According to Bressani et al. (1988) fibre content of spinach is 0.7 per 

cent and chiplin leaves have more fibre than Amaranthus and spinach.

Fibre contents of Xanthosomas mafaffa, Ipomoea involucrata, Launaea 

taxaracifolia and Euphorbia hirta, four Ghanian non-conventional leafy vegetables 

ranged between 1.15 to 7.73 per cent (Wallace etal., 1998).

Carbohydrates in leafy vegetables differ from non-leafy vegetables in 

that it is stored in the form of starchy grains (Aman, 1969).
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Rao et al (1979) and Ramachandran el al. (1980) analysed the 

carbohydrate content of Trianthema portulacastrum, Amaranthus tristis, drumstick 

and chekkurmanis leaves and reported that these leaves contained 1.6, 6.4, 2.9 and 

11.6 g 100 g'1 of carbohydrates respectively.

John el al. (1987) and Gopalan el al (1989) reported the starch content 

in Amaranthus tricolor and Amaranthus gangelicus as 0.73 g lOOg'1 and 6.1 g 100 

g'1 edible portion respectively. The carbohydrate content of amaranth was 42.4 per 

cent on dry weight basis (Mosha et a l , 1995).

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

vegetables contained more carbohydrates than the conventional sources. Thus 

drumstick leaves (11.5%), bharangi (10%), kawala (8.9%), Amaranthus spinosus 

(7.8%) and takala (7.8%) were superior in carbohydrate contents when compared 

to math, spinach, ghol, cowpea, phodsi, Ipomoea acquatica and dhandhgi. 

Amaranthus tricolor contained 3.7 per cent carbohydrates and Ipomoea acquatica 

contained 3.5 per cent carbohydrates.

The leaves of Chenopodium species contained low proportions of 

available carbohydrates (Guerrero and Isasa, 1997).

Neeliyara (1998) observed 27.5 to 31.4 per cent of starch in winged 

bean leaves on dry weight basis

Ifon and Bassir (1980) reported the carbohydrate content of some 

Nigerian green leafy vegetables as 51.0-66.1 per cent. Many of the green leafy 

vegetables grown in Tanzania are also found to be good sources of carbohydrates 

(Sreeramulu, 1982) Wills et al. (1984a) analysed the nutrient 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 acquatica contained no starch. 

According to Achinewhu et al. (1995), total carbohydrate content of leafy 

vegetables in Nigeria, ranged from 24 6-51 4 per cent.
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Green leafy vegetables are rich in minerals especially iron and calcium 

(Menon, 1980, Philip el al., 1981, Gopalan, 1982; Smith, 1982, Nordeide el al., 

1996). Other minerals like phosphorus, magnesium, sodium, potassium, copper, 

iodine, sulphur and boron are also detected in these vegetables. Average calcium 

and iron contents of green leafy vegetables were found to be 300 mg 100 g ' and 

4.7 mg 100 g'1 respectively (Reddy, 1999).

Moringa oleifera is a good source of calcium, phosphorus and iron 

(Devadatta and Appanna, 1957; Malik el a l , 1969; Peter, 1979, Gopalan, 1982, 

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

Swaminathan (1974), Rao el al. (1979), Menon (1980) and Gopalan (1982), the 

calcium, phosphorus and iron contents of drumstick leaves are 440 mg, 7 mg and 

7.6 mg per cent respectively. Besides calcium and phosphorus, copper and iodine 

are also present in fairly good amounts in these unconventional leafy vegetables 

(Gopalan, 1982). In addition to high amounts of calcium, iron, phosphorus, 

potassium and magnesium, Moringa oleifera is rich in sulphur (179.35 mg 

100 g'1), zinc and boron (41.63 ppm) (Shingade and Chavan, 1996).

Amaranthus species are known to contain high levels of calcium 

(Mugerwa and Bwabye, 1974; Castenedac el al., 1986). According to 

Swaminathan (1974), iron and calcium contents of Amaranthus tricolor on fresh 

weight basis are 21.4 mg 100 g'1 and 0.5 g 100 g'1 respectively while that of 

Amaranthus spmosus are 22.9 mg 100 g'1 and 0.8 g 100 g'1 respectively.

Biochemical analysis of CO-2 amaranthus (Amaranthus gangeliats L ) 

revealed that it contained 39.8 mg of phosphorus, 379 mg of potassium, 310 mg of 

calcium and 19 mg of iron in 100 g of edible matter and CO-3 culture amaranthus 

contained 0.84 g iron, 2 48 g calcium, 0.47 g phosphorus, 1.35 g magnesium and

3.2 g potassium 100 g'1 on dry weight basis (Rajagopal el al., 1977, Mohideen 

eta l., 1985).
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According to Menon (1980) amaranth contained 397 mg calcium and 

25 5 mg of iron The ash content of Amaranihus is 19.38 per cent of dry matter and 

the calcium, phosphorus and iron contents are 5.41 g, 0.26 g and 642.58 mg 100 g 1 

of dry matter respectively (Lucas, 1988).

Amaranihus gangelicus contained 2.7 g of minerals per 100 g which 

consisted of 397 mg calcium, 83 mg phosphorus and 25.5 mg iron, while every 

100 g edible portion of Amaranihus tricolor also contained 2.7 g minerals which 

consisted of 397 mg calcium, 3 49 mg iron and 341 mg potassium (Gopalan et a/., 

1989). However Shingade and Chavan (1996) reported that, Amaranihus tricolor is 

comparatively high in phosphorus, potassium, calcium and magnesium and 

micronutrients like iron and boron. Varalakshmi et al. (1998) compared the 

phosphorus, calcium, potassium, magnesium, iron and sulphur content of a new 

multicut amaranth ‘Arka Suguna’ with the control variety ‘Arve’ and indicated that 

‘ Arka suguna’ had higher mineral content than the control variety

According to Kaur and Manjrekar (1975), 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. The 

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

Awasthi and Abidi (1985) reported that total ash in nine green leafy vegetables, 

commonly grown in Eastern Uttar Pradesh, varied from 12.66 to 25.82 per cent. 

According to Gupta and Wagle (1988), total minerals in green leafy vegetables 

varied from 12 54 to 26.16 per cent. Gupta et al. (1989) estimated the ash content 

of amaranth, colocasia, drumstick, fenugreek, neem and pumpkin leaves and 

mdicated that it varied from 15.7 to 28.5 per cent.

Ifon and Bassir (1979), tabulated the mineral contents of Ahelmoschus 

escu/enius, Corchorus o/itorius, Talinum triangulare, Amaranihus hybridus, Piper 

guinense, Ocimum basilicum, Cucurbita pepo, Vernonia amygdalina, Telfaria 

occidentalis and Marsdenia lahfolia and reported that 100 g of dry leaves
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contained sodium (34 to 280 mg), potassium (1430 to 6100 mg), calcium (1080 to 

3620 mg), magnesium (45 to 2220 mg), manganese (15 to 115 mg), iron (30 to 59 

mg), copper (1 to 2.5 mg), zinc (6 to 13.5 mg), sulphur (230 to 590 mg), 

phosphorus (210 to 710 mg) and chlorine (140 to 700 mg).

Calcium and iron contents of leaves like Mentha spicata, Rumex 

acetosa, coriander leaves, palak (Beta vulgaris), spinach, chekkurmanis, Solanum 

nigrum, Gynandropsis gynandra, Amaranthus hybridus, colocasia, drumstick, 

fenugreek, neem, pumpkin. Acacia concmna, tnanthema, chenopodium and tender 

tamarind leaves were analysed by various authors and reported that the calcium 

content varied from 0.43 g to 48 g and iron varied from 2 to 70 mg 100 g'1 of 

leaves (Swaminathan, 1974; Rao et a i, 1979; Choudhary and Rajendran, 1980; 

Menon, 1980, Ramachandran et al., 1980; Cnewya, 1985, Bawa and Yadav, 1986; 

Gupta et al., 1989; Chandrasekhar et al., 1990 and Shankaracharya, 1998).

Total iron content in fourteen rare Indian green leafy vegetables ranged 

from 3 mg 100 g'1 in Portulaca oleracea to 32.5 mg 100 g'1 in Merrama 

emergmata (Reddy and Kulkami, 1986).

Chawla et aI (1988) reported that, total iron content in leaves like 

Amaranthus spinosus, Colocasia antiquorum, Moringa oleifera, fenugreek, 

Peucedanum graveolus and Spinacia oleracea ranged from 5.1 mg to 16 mg

100 g 1.

Phosphorus content of nine green leafy vegetables commonly grown in 

Eastern Uttar Pradesh varied from 0.34 to 1.43 per cent (Aswathi and Abidi, 1985). 

Leaves like lalo, Acacia concmna, tnanthema, chenopodium, amaranthus and 

tender tamarind leaves contained 0.48 to 1.4 per cent of phosphorus (Bawa and 

Yadav, 1986; Chandrasekhar et al., 1990 and Shankaracharya, 1998). On dry 

weight basis, phosphorus content of Basella alba and Talinum triangulare were 

reported to be 0.24 g 100 g'J and 0.22 g 100 g'J (Faboya, 1983), while Lucas
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(1988) reported 0 23 g 100 g '1 and 0 41 g 100 g'1 of phosphorus in these 

vegetables.

Airiplex triangularis leaves are low in iron, calcium and zinc, but 

contained seventeen tunes more sodium than spinach. However, the potassium 

content of these leaves are low compared to other leafy vegetables (Islam et a I ,

1987).

Total minerals in green leafy vegetables varied from 12.54 to 26.16 per 

cent (Gupta and Wagle, 1988). Shingade and Chavan (1996) observed that 

Amaranthus tricolor, Moringa oleifera, Cassia tora and Cleroiieniirum serratum 

contained comparatively high amounts of phosphorus, potassium, calcium and 

magnesium. Chenopodium species are found to be high in minerals compared with 

Other green leafy vegetables (Guerrero and Isasa, 1997).

Neeliyara (1998) analysed the calcium and iron contents of the leaves of 

five winged bean genotypes grown in Kerala and reported mean calcium and iron 

contents of 245.46 mg and 2.2 mg 100 g"1 o f leaves respectively.

The green leafy vegetables from North-East India analysed by Longvah 

(2000) contained fairly good amount of calcium with values between 100 mg 

100g‘'and  267 mg )0 0 g '\ Iron content o f these leaves varied from 4.4 mg lOOg'1 

whereas the phosphorus content ranged between 23 mg 100 g'1 and 57 mg 100 g'1.

Oyejola and Bassir (1975) studied the iron content in leafy Nigerian 

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

kg'1 dry matter in Solarium incanum.

Ash contents of Alternanthera sessils, Amaranthus gangeficus, 

Amaranthus spinosus, Amaranthus virtdis, Basella alba, Ipomoea acquatica and 

Moringa oleifera, the leafy vegetables grown in Tanzania are 13, 20.3, 24.4, 15.1, 

20.3, 16.5 and 0.5 g 100 g'1 respectively on dry weight basis (Sreeramulu, 1982).
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The twenty one Nigerian leafy vegetables analysed by Smith (1982) 

contributed significant proportion of zinc, iron and calcium to the traditional 

Nigerian diets 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 some green leafy vegetables commonly found 

in Western pails of Nigeria, viz. Corchorus olitorus, Celosia argenlea, 

Amaranthus caudatus, Solanaceae macrocarpus, Vemonia amygdalina, Basella 

alba, Talinum triangulare, Hibiscus esculentus and Telferiria occidentals and 

these 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. Magnesium was the most abundant mineral in these leafy 

vegetables, the highest was in Celosia argenlea and lowest in Corchorus olitonius. 

The author also reported that the red stalked varieties of both Amaranthus caudatus 

and Celosia argenlea contained slightly higher amount of magnesium.

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

vegetables and reported that ail the non-Brassica leafy vegetables had useful levels 

of 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.

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

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

On dry weight basis, calcium and iron contents of Basella alba and 

Talinum iriangulare consumed in Western parts of Nigeria are 0.58 mg and 

0.48 mg 100 g'1 and 0 37 and 0 39 mg 100 g '1 respectively (Faboya, ) 983), while
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Lucas (.1988) observed that these (eaves contained 2.17 g and 0.78 g of calcium 

and 401 and 331 mg of iron on dry weight basis.

Nutritive value of four wild leafy vegetables in Coted’Ivoire viz. Ceibu 

peniandra, Grewia carpinifolia. Hibiscus congestiflorus and Triplochiton 

scleroxylon was studied by Herzog cl at. (1993) and reported that these leaves are 

good sources of iron and calcium.

The average ash content of seventeen leafy vegetable species found in 

Nigeria was 17.4 g 100 g'1 dry matter (Aletor and Adeogum, 1995). The'authors 

also reported that these dry vegetables on an average contained 3.7, 3.8, 2.5 and

1.2 g 100 g'1 of potassium, sodium, calcium and phosphorus respectively, and the 

corresponding values for fresh samples are 4,4, 6, 0.9 and 0.8 g 100 g'1 Copper 

was found to be the least abundant mineral in all the samples.

Green vegetables grown in Dar es Salaam are also found to be rich in 

macro minerals (Raja, 1997). The predominant metal present in all vegetables is 

potassium, followed by calcium. Among the micro minerals, iron is the 

predominant one and varied from 3.09 to 53.04 mg 100 g'1.

Reddy and Kulkami (1986) studied the availability of iron from 

fourteen rare Indian green leafy vegetables and reported that the available iron 

ranged from 44 mg 100 g'1 in Amaranlhus polygamous to 0.7 mg 100 g'1 in 

Chcnopodium album.

Chawla el a i  (1988) studied the in vitro availability of iron in various 

green leafy vegetables like Amaramhus spinosus, Colocasia antiquorum, Moringa 

oleifera, fenugreek, Peucedanum graveoleus and Spinacia oleracea and reported 

that the values ranged from 2.8 per cent to 4.6 per cent of total iron.

Leafy vegetables contain considerably more carotenoids than tuberous 

vegetables and fruits and is mainly deposited in the leaves, which have a higher
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relative beta-carotene content than stalks (Speek and Schreuss, 1988). It is 

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

of the green colour. Lightly 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, 

curryleaves, Amaranthus spinosns, Moringa oleifera, Coriandrum sativum, 

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

tamarind leaves and fenugreek leaves are in the range of 1100 to 9000 gg ! 00 g'1 

(Swaminathan, 1974; Kaur and Manjrekar, 1975, Renquist et al., 1978, Rao et al., 

1979, Choudhary and Rajendran, 1980, Jayarajan et ai., 1980; Menon, 1980,

. Shankaracharya, 1998; Reddy, 1999).

Chekkurmanis leaves contain 9510 IU of vitamin A in 100 g of fresh 

leaves (Ramachandran el al.. 1980) while Philip el al. (1981) reported the carotene 

content of curry leaf as 12600 1U 100 g"1.

Erandankeera contained more vitamin A than Amaranthus white (KAU, 

1984). CO-3 amaranthus contained 11.04 mg of carotene m 100 g of fresh matter 

(Mohideen et al., 1985). ' Arka suguna’, a pure line selection amaranth, from 

Taiwanese introduction, is rich in vitamin A (Varalakshmi e ta i,  1998).

Carotenoid content of Amaranthus hypochondriacus, Chenopodium 

auinoa and Celosia varied from 12-20, 9-19 and 10-15 mg 100 g '1 respectively 

(Prakash et a l , 1993).

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

agathi and gogu ranged from 1.8 mg to 14.1 mg 100 g‘! and its leaf concentrates 

contained higher levels of beta-carotene (NIN, 1993). According to NIN (1994b), 

the beta-carotene content and percentage beta-carotene were higher in medium 

textured leaves than m the tender and coarse samples.
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Beta carotene content of fresh leaves of Bathua (Chenopoditm album) 

and fenugreek (Trigonella foenum graecum) ranged from 19.0 to 24.64 mg 100 g '

dry weight (Yadav and Sehgal, 1997).

Nambiar and Seshadn (1998), analyzed sixteen green leafy vegetables 

of the Western region of India, consumed frequently by the rural and tribal 

population and found that seven out of the sixteen are rich sources of beta- 

carotene, contributing more than 5000 pg per 100 g fresh weight. 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 pro

vitamin A in all green leafy vegetables constituting 30 to 50 per cent of the total 

carotene except in fenugreek leaves which contained more than 80 per cent of beta- 

carotene. Amaranth, fenugreek leaves, tulasi, botala benda and ponnanganti 

contained 8 to 10 mg 100 g '1 of beta-carotene while hibiscus and colocasia 

contained about 5 mg 100 g'1. The beta-carotene content of thirty six green leafy 

vegetables collected and consumed by tribals of five districts from Eastern ghats, 

Andhrapradesh were found to be in between 5.21 and 14 05 mg percent 

(Rajyalakshmi et al., 2000).

Beta-carotene content of tropical leafy vegetables viz. Mamhol utilisma, 

Basella alba, Talinum trtangulare, Colocasia esculentata and Carica papaya 

varied from 1.9 mg to 17.4 mg 100 g'1 fresh matter (Renquist et al., 1978).

Among the Chinese vegetables studied by Wills et al. (1984a), Allium 

tuberosum, contained the highest amount of beta-carotene as the major carotene 

component. Seven of the nine leafy vegetables studied contained more than 1000 

pgl OOg ' .

Carotene content of indigenous green leafy vegetables in Kenya 

exceeded 7000 pg 100 g'1 (Cnewya, 1985).
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According to Bushway and Bureau (1986), the most prevalent 

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

vitamin A activity.

Islam el a!. (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 carrots. Drumstick contained the highest level of 

carotene among green leafy vegetables (Gopalan, 1982).

A study conducted by Kowsalya and Chandrasekhar (1999) among ten 

commonly consumed leafy vegetables viz., drumstick leaves, ponnanganti, 

spinach, arakeera, kuppakeera, pulichakeera, sirukeera, manathakali leaves, 

mulakeera and agathi before and after cooking revealed that drumstick leaves in its 

raw form had maximum total carotene and beta-carotene. Reddy (1996) also 

analysed the carotenoid content of seventeen commonly consumed and twenty one 

less familiar green leafy vegetables and found that drumstick and agathi leaves had 

the higher concentration of beta-carotene (15-20 mg 100 g'1)

Mean beta-carotene content of 5 native Brazilian leafy vegetables viz. 

Amarunthus vtridis, Lepidum pseudodidymum, Xanihosoma spp., Sonchus 

oleraceus and Portulaca oleracea varied from 14.1 to 110 mg 100 g'1 and these 

leaves contained 4.99 to 62.9 retinol equivalents per g of the leaves (Mercadante 

and Amaya, 1990).

The beta-carotene contents of 14 commonly eaten green leafy 

vegetables in Bangladesh, ranged between 5400 and 16000 gg 100 g'( (Rahman et 

a i, 1990)
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The common leafy vegetables available m Machakos District, Kenya, 

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

requirements for retinol (Mwajumwa el al., 1991).

According to Nordeide el at. (1996), leaves of Amaranihus viridis, a 

cultivated leafy vegetable in Southern Mali, are reported to be nch in beta-carotene

(3290 p g l O O g 1).

Yang el at. (1996) analysed carotenoid content of several dark green 

leafy vegetables, viz. M alm crtspa, Ipomaea acquatica, Spinacia oleracea, Apnrn 

graneotens, Lactuca saliva, Basella alba and Pisum saiivum grown and harvested 

in Chengdu, China which are associated with a lower risk of various epithelial 

cancers and reported to be high in beta-carotene content of 0.04 to 9.36 mg

100 g 1.

Leaves of Chenopodium album collected from locations of Almaria of 

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

Isasa, 1997).

Green leafy vegetables are rich in vitamin C, which is required to keep 

the gums in a healthy condition (Menon, 1980, Gopalan el al., 1989).

Some green leafy vegetables like spinach, amaranth, fenugreek, 

mustard, drumstick, mint, coriander etc. are equally good source of vitamin C as 

fruits (Sreeramulu c/ al., 1983a, Thimmayamma and Pasricha, 1996).

The ascorbic acid content of raw amaranth was found to vary from 96 to 

99 mg 100 g'1 (Devadas et al., 1973, Gopalan el al., 1989) while Mohideen el al. 

(1985) reported that CO-3 amaranthus culture contained 35.9 mg of ascorbic acid 

in 100 g of fresh matter. Varalakshmi et al (1998) stated that leaves and tender 

stems of amaranth are nch in vitamin C.
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Drumstick leaves are reported to be richer in ascorbic acid (220 mg 

100 g'1) than tomato, radish, carrot and peas (Peter, 1979, Menon, 1980, Nautiyal 

and Raman, 1987, Gopalan el a l 1989). According to Shingade el al. (1995) 

drumstick leaves contained 229.9 mg per cent of vitamin C.

Chandrasekhar ei al. (1990) analysed four varieties of tribal greens 

found in the weaning food of tribal children viz., Acacia concinna, trianthema, 

Chenopodium and amaranthus and the vitamin C content of these leaves varied 

from 99 to 175.2 mg 100 g'1

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 the low income groups as a regular and cheap source of vitamin C

Prakash el a/. (1993) reported that vitamin C content of different green 

leafy vegetables varied from 0.05 to 0.26 per cent. Shingade el al. (1995) observed 

a low ascorbic acid content in kankong (48.8 mg 100 g'!) and bharange leaves 

(45.1 mg 100 g '1).

Vitamin C contents of fresh leaves of Bathua (Chenopodium album) and 

fenugreek (Trigonella foenum graecum) varied from 220.97 to 377 65 mg per cent 

(Yadav and Sehgal, 1997).

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

100 g'1 in five genotypes of winged bean leaves. 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 '1.

Wide variation was observed in the ascorbic acid content for different 

samples of the same green leafy vegetable in Malaysia. The average ascorbic acid 

content of the vegetables studied varied from 29 mg 100 mg'J in Diplazium 

esculenium to 643 mg 100 g'1 in Pieroccocus comiculatus. Most of the vegetables,
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especially those with dark green leaves had significant amounts of ascorbic acid 

(Cadwell, 1972).

Ifon and Bassir (1979) analysed ten commonly eaten green leafy 

vegetables in Nigeria and reported an ascorbic acid content of 20.6 to 160.2 mg 

100 g'1 dry matter while Keshinro and Ketiku (1979) reported the mean ascorbic 

acid levels of 31 to 63 mg 100 mg'1 in some Nigerian leafy vegetables like Celosia 

argentea (green), Celosia argentea (red), Amaranthus chorostachys, Baseila alba, 

Talinum triangulare and Vernonia amygdalma. According to Achinewhu et a! 

(1995) the indigenous leafy vegetables found in Nigeria are high in ascorbic acid 

and the content varied from 23-232 mg 100 g'1 sample.

Miner’s lettuce, a wild edible plant which grows prolifically in western 

USA contained 33 per cent of the adult recommended dietary allowance of 

ascorbic acid (Schelstraete and Kennedy, 1980).

Values for total vitamin C in fresh leaves of Amaranthus hybrhlus, 

Celosia argentea, Corchorus olitorius. Hibiscus esculentus, Solanum sp. and 

Talinum triangulare and cowpea leaves ranged from 410 to 588 mg 100 g'1 (Ajayi 

et al., 1980;'Imungi and Potter, 1983). Ascorbic acid content o f Atriplex 

triangularis leaves (40.2 mg J 00 g '1) is comparable to that of mustard green and is 

much higher than that of spinach (Islam et a l, 1987).

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, with Moringa oleifera being the richest source of vitamin C. 

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

Polygonum plebium 58 mg 100 g'1 on Fresh Weight Basis (FWB) (Sreeramulu et 

al., 1983a) Vitamin C content in selected Tanzanian leafy vegetables viz., 

amaranth, cowpea, peanut, pumpkin and sweet potato leaves varied from 43.78 to 

89 mg lOOg'1 of fresh vegetable (Mosha et a!., 1995).
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According to Wills el al. (1984a), 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. All other Chinese vegetables 

including Amaranthus tricolor and Ipomoea acquatica are also considered as 

useful sources of vitamin C

Mwajumwa et al. (1991) analysed the most common locally available 

leafy vegetables in Machakos District, Kenya, and obtained high values of ascorbic 

acid. Most of these vegetables satisfied more than 100 per cent of the daily 

requirements for ascorbic acid for an adult male. The ascorbic acid content in three 

indegenous Kenyan leafy vegetables v iz , Amaranthus hybrtdus, (Jynandropsis 

gynandra and Solanum nigrum varied from 123.8 mg in Amaranthus hybrids to

189.2 mg 100 g'’ fresh weight in (Jynandropsis gynandra (Mathooka and Imungi. 

1994).

2.3 Anti-nutritional factors in green leafy vegetables

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

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

oxalates and nitrates in the leaves (Sadik, 1971; Singh and Saxena, 1972, Cheeke 

and Bronson, 1980; Gupta and Wagle, 1988). Besides these, the presence of 

phytates and hydrocyanic acid are also reported in certain leaves.

Oxalate levels in foods are of concern, because, free oxalates bind 

essential dietary divalent minerals, primarily calcium and make them nutritionally 

unavailable. The absolute amounts of minerals are therefore of little value, unless 

considered in relation to the oxalic acid content. The calcium oxalates formed may 

accumulate resulting in oxalurea or kidney stones (James, 1968, Singh et at., 1971, 

Gopalan et al., 1989, Sukumar, 1997).
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However Oke (1969) opined that there is little danger associated with 

the ingestion of oxalate containing plants. In most Western societies, free oxalates 

in the food does not pose a problem, because the calcium intake exceeds the oxalic 

acid intake, as much as ten fold (Hodgkmson, 1977).

In contrast to the above findings, Singh (1973) observed a higher 

oxalate intake when compared to calcium, among the people residing in certain 

rural areas of India. According to Fassett (1973), a very high intake of oxalate 

containing foods plus a simultaneously low calcium and vitamin D intake over a 

prolonged period of time only will cause any chronic effects. The oxalate content 

in the diet is a significant factor in adequate calcium metabolism (Marderosian el 

at., 1979).

Certain plants such as rhubarb (Rheum rhaponticum) and spinach 

(Spinacea oleracea) are known to contain rather high levels of oxalic acid. 

However, there is little evidence to substantiate the claim that the ill effects 

produced by the ingestion of these leaves is due to the presence of oxalic acid 

(Liener, 1980).

According to Reddy (1999) certain green leafy vegetables such as 

spinach, amaranth and gogu are rich in oxalic acid and hence individuals prone to 

renal calculi should avoid such foods.

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

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

body (Tannenbaum el at., 1978). Only in such circumstances, the level of nitrate in 

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

further conversion (Tannenbaum, 1979).

Deutsch (1977) pointed that, healthy adults need not be concerned about 

the presence of nitrate and oxalate compounds, m green leafy vegetables, as the 

leafy greens make up only a fraction of the daily intake of these anti-nutritional
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factors. More than )00 g of daily fresh green intake is needed to raise the nitrate 

and oxalate levels. According to Deutsch (1977) and Marderosian et al. (1979), 

oxalates and nitrates become more of a problem, when the plants are grown under 

stress.

Experiments conducted on adult humans by Pingle and Ramasasthn 

(1976) showed that calcium in amaranthus leaves is poorly absorbed when given 

along with milk and indicted the high oxalate content as the probable reason for the 

poor absorption of calcium. Marderosian (1979) also mdicated that 40 per cent of 

the oxalate in Amaranthus is in free form and is available for binding with calcium 

from other sources contained in a diet.

According to Loon and Klaveren (1991), the largest contribution to the 

total nitrate intake of the Dutch population came from leafy vegetables (28%).

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).

The total oxalate content of various Amaranthus species as reported by 

various authors varied from 3.6 per cent to 12.78 per cent on dry weight basis 

(Sreevastava and Krishnan, 1959; Schmidt et al., 1971; Singh, 1973; Mugerwa and 

Bwabye, 1974, Mugerwa and Stafford, 1976, Mallika, 1987; Vityakan and Standal, 

1989). Marderosian et al. (1979) reported a mean oxalate content of 0.75 per cent 

in amaranth on fresh weight

The total oxalate content of different vegetable types of the Amaranthus 

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

fresh weight basis (Devadas, 1989, Prakash and Pal, 1991; Prakash et al., 1993, 

Thamburag et al., 1994; Shingade et al., 1995). George et al (1989) and 

Thamburai et al. (1994) observed higher oxalate contents in red varieties of 

Amaranthus when compared to green varieties.
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Schmidt cl al. (1971) reported an average total oxalate content of 10.62 

per cent, 2.81 per cent and 1.5 per cent in Base Ha alba, Ipomoea acquatia and 

Bniss/ca oleracea respectively

Ndyanab (1974) studied the oxalate content of some commonly grazed 

pasture forages in Uganda and reported that the forages which contained high 

levels of calcium and nitrogen also contained high levels of total oxalates but low 

levels of soluble oxalate.

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 cent in chenopodium 

and celosia (Prakash el a!., 1993; Prakash ei al., 1995).

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

seventeen leafy vegetable species found in Nigeria and observed that the dry 

vegetables generally had higher phytate and oxalate values than fresh ones.

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

vegetables in general contained less oxalates as compared to cultivated vegetables, 

thereby indicating good palatability and safe use in human diet. The authors 

observed the lowest oxalic acid content o f !6.9 mg 100 g'1 in phodsi.

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

Chenopodium species and found moderate levels of oxalic acid and 

oxalic/(Ca+Mg) ratio in the leaves.

Shankaracharya (1998) found that the tender leaves of tamarind contain 

196 mg 100 g '1 of oxalic acid and observed a calcium/oxalate ratio of 1:1 at pH 

4.5.

Wallace et al. (1998) studied the antmutritional composition of four 

non-conventional leafy vegetables viz. Xanthosomas maffafa, Euphorbia hirta.



35

Launcea uaxarcifotia and Ipomoea involucrata grown in Ghana and observed 

lower concentrations of oxalates, phytates, tannins, alkaloids and saponins in all 

the leaves

Schmidt et al (1971) reported an average nitrate content of 0.67 per 

cent in Amaranthus emeritus. Devadas (1982) studied the nitrate content of 25 

genotypes of vegetable amaranthus and reported that the content varied from 0.25 

to 0.70 per cent on dry weight basis. The author also observed that among the eight 

species, the lowest nitrate content was in Amaranthus duhius. Prakash et al (1993) 

found a nitrate content of 0.31 to 0.92 per cent in A. hypochondriacus. Ebeltng et 

al. ( f 995) analysed some wild species of Amaranthus viz., A. retroflexus, 

A. viridis, A. palmert and A. blitoides for antinutritional factors and reported that 

the nitrate content varied from 0.34 to 2 per cent in the leaves.

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

Spinach. Nitrate content of leafy vegetables m Andhra Pradesh, varied from 30 to 

270 mg/kg and contributed to 1.38 percent of the total nitrate intake (Gundimeda et 

al., 1993).

According to Prakash et al. (1993), nitrate content in Chenopodiom 

auinva and Celosia varied from 0.26 to 0.51 per cent and 0.19 to 0.46 per cent 

respectively.

Marderosian et al. (1979) and Mallika (1987) observed that the oxalate 

content of amaranth increased with maturity.

Schmidt et al. (1971) observed that in Amaranthus and Basella, total 

leaf oxalate was 25 per cent higher when they were grown in more fertile soil, 

while in Brassica and Ipomoea, the content was not affected.

Singh et al. (1973), observed wide variation in the total and insoluble 

oxalate contents of leaves of bathua vegetables (Chenopodium album and
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( 'htnopodnm mural?) which were collected from ten different sites, thus 

suggesting the influence of soil nutrient on the oxalate content of leaves.

Kurien el al. (1976) and Singh el al. (1985) observed a direct influence 

of nitrogen fertilization on the oxalic acid content.

Palis and Bustnllos (1976) reported that nitrate accumulated 

significantly in the edible portions with increased fertilizer levels.

Vogtmann el al. (1984) indicated a very low risk of high nitrate 

concentration in leafy vegetables even with an overdose of composted farm yard 

manure, compared with a nitrogen equivalent NPK application.

According to Vera et al. (J992) lower rates of fertilizers should be 

recommended commercially to reduce the nitrate concentration in leafy vegetables 

such as spinach.

Sukumar (1997), reported that nitrate content of A. tricolor with the 

application of NPK fertilizer varied from 0.17 to 0.74 per cent.

Zandstra (1989) opined that many plants especially leafy vegetables, 

accumulate nitrate under low light conditions, as the rate of uptake of nitrate 

exceeds its rate of reduction to nitrite.

Wu and Wang (1995) observed that leaf nitrate concentration increased 

with shading intensity and nitrogen concentration in the nutrient solution in a non 

recirculating system, and decreased by harvesting in the late afternoon on a clear 

day and by harvesting when younger and increasing concentration of potassium 

and calcium in the nutrient solution.
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2.4 Seasonal variation in the composition of leafy vegetables

Amaranth is the most common leafy vegetable grown during summer 

and rainy season in India (Varalakshmi el al., 1998). Devadas at al. (1969) studied 

the seasonal variations in the nutrient content of Amaranthus flavus during three 

seasons viz south west monsoon, north east monsoon and cold weather. The 

results indicated that the level of moisture, protein and ascorbic acid was highest 

during north east monsoon while the mineral content was found to be least during 

north east monsoon. Calcium, phosphorus and iron contents were found to be 

highest during cold weather while moisture and protein contents were least during 

cold weather.

Mean nitrate levels of amaranth vegetable types over two growing 

seasons remained constant (0.08% fresh weight) and was similar to the other leafy 

garden vegetables (Marderosian el al., 1979).

According to Mallika (1987) the oxalic acid levels in amaranthus greens 

become high when grown under dry conditions.

Jijiamma (1989) compared the quality o f red and greentypes of 

Amaranthus tricolor during summer and rainy seasons and observed better quality 

leaves during summer season. The study also indicated that ascorbic acid and fiber 

contents were higher during rainy season in both the varieties. Jijiamma and Prema 

(1993) observed better acceptability for red amaranthus grown during summer.

A systematic study on seasonal variations in the carotene profile of 

selected leafy vegetables indicated that, agathi, ceylon bacchali and gogu had the 

highest beta-carotene in summer season (March-June). Amaranth, bacchali, palak 

and pudina have high beta-carotene in rainy season (July-October) and colocassia, 

drumstick and fenugreek were high in P-carotene in winter months (November- 

February) (NIN, 1991).
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2.5 Organoleptic evaluation

Quality is the ultimate criterion of the desirability of any food product to 

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

attributes and sensory quality (Ranganna, 1977).

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 consumers 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 e ta i,  1995).

Islam el al. (1987) conducted a study on the sensory evaluation of 

Alriplex triangularis leaves and reported that these leaves rated similar to spinach 

in all the four quality attributes viz. colour, flavour, texture and overall 

acceptability. In the study, it was also revealed that A triplex triangularis leaves are 

accepted more than mustard greens.

Padmavathi and Rao (1990), used Sauropus androgynus leaves in the 

recipes traditionally prepared with common leafy vegetables in Andhra Pradesh 

and found that the preparations were highly palatable and acceptable.

Alleman et a I (1996) evaluated six amaranthus genotypes in South 

Africa, lor 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 them, 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 

best texture

Fathima and Begum (1998) found that microwave drying affected 

certain physical characteristics like colour, appearance and odour in the green leafy
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vegetables like coriander, mint, fenugreek, amaranth and shepu. Acceptability 

scores for microwave dried coriander and mint were low for flavour and colour, 

but microwave dried amaranth had scores similar to that of fresh.

Neeliyara (1998) studied the acceptability of the leaves of five 

genotypes of winged beans using score card. Among the quality attributes, 

doneness had obtained the highest scores in all the genotypes and texture obtained 

the least score.

Rau el al. (1998) formulated six food products viz. uppittu, bisibele 

bhath, mixed pulses, sandwich, chapathi and dhokla incorporating green leafy 

vegetables and'determined their acceptability by sensory evaluation. Incorporation 

of 50 g of leaves in different products were found to be acceptable.

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

and conventionally cooked (boiling/pressure cooking) green leafy vegetables like 

Amaranth (Amaranthus gangeticus), kilkeerai (Amaranthus tricolor), shepu 

{Peucedanum graveolans) and spinach (Spinacia oleracea). Results of the sensory 

analysis showed that only the colour of cooked greens was significantly affected 

due to cooking methods and microwave cooked greens were preferred to 

conventionally cooked greens.

Snack items viz. namakpara, kachari, biscuit and besan sev prepared by 

incorporating spinach leaf powder and cauliflower leaf powder were also found to 

be acceptable upon sensory evaluation (Kushwaha et al., 1998).

Vegetable dhal curry mixes developed at Defence Food Research 

Laboratory, Mysore scored 8.2 to 8.8 over all acceptability score on 9 point 

hedonic scale (Palki el al., 1998). The reconstituted savoury mixes formulated at 

Defence Food Research Laboratory, Mysore, viz. spice methi dhal mix and spice 

chakota mix had sensory scores of 7.2 and 7.5 respectively on 9 point hedonic 

scale (Premavalh efal., 1998).
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3. MATERIALS AND METHODS

The methods used to evaluate the quality attributes of the selected leafy 

vegetables are given under the following heads.

1. Selection of leafy vegetables

2. Collection of samples

3. Nutrient analysis of leafy vegetables

4 Analysis of anti-nutritional factors in leafy vegetables

5. Organoleptic evaluation of leafy vegetables

6. Statistical analysis

3.1 Selection of leafy vegetables

Eight leafy vegetables available and maintained in the Department of 

Olericulture, College of Horticulture, Vellanikkara, were selected for the study.

The leafy vegetables selected are

l) Kankong (Ipomoea acquaiica Forsk.)

h) Basella (Basella rubra L.)

m) Waterleaf {Talmum triangulare Willd.)

iv) Arakeera (Amaranthus tristis Roxb.)

v) Centella {Cenlella asiaiica)

vi) Horse purslane (Boerhaavia diffusa L.)

vii) Akshara keera (Aliernanlhera ficoidea L.) (red) 

vui) Bengal keera (Aliernanlhera ficoidea L.) (green)

Amaranihus tricolor L was selected as the control variety.

Plate 1-3 shows the different leafy vegetables selected for the study.



Leafy vegetables selected for the study

Plate 1. Bengalkeera, Kangkong, Centella

Plate 2. Akshai akecra, Aiakeera, Amaranth





Plate 3. Basella, Horse purslane. Water leaf
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3.2 Collection of samples

From each of the leafy vegetables selected for the study, leaf samples 

were collected during summer and rainy seasons During each season the samples 

were collected twice at an interval of 15-20 days. Similarly Amaranthus tricolor L. 

was also collected during rainy and summer seasons at an interval of 15-20 days.

3.3 Nutrient analysis of leafy vegetables

Leaf samples of the eight selected leafy vegetables and also the control 

variety were analysed for different nutrients like

1 Moisture

2 Protein

3. Fat

4. Fibre

5. Starch

6. Soluble carbohydrates

7. Calcium

8. Iron

9. Phosphorus

10. Beta-carotene and

11. Vitamin C

3.3 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
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constant weight was achieved. The moisture content of the sample was calculated 

from the loss in weight during drying.

3.3.2 Protein

To estimate the protein content, nitrogen content was estimated by 

Microkjeldhal digestion and distillation method as described by Jackson (1958) 

which was then multiplied with a factor of 6.25 to get the protein content.

The fresh leaf samples were dried in an oven and then powdered. The 

moisture free sample (0.1 g) was digested with 15 ml of concentrated sulphuric 

acid, after adding 0.5 g copper sulphate in a digestion flask until the colour of the 

sample converted to green and digestion was complete. The digested sample was 

diluted with distilled water and then distilled with 40 per cent sodium hydroxide. 

The distillate was collected into 2 per cent boric acid containing mixed indicators 

and then titrated against 0.02 N sulpuric acid. The nitrogen content of the dried 

sample was calculated from the titre value and then converted to fresh weight 

basis.

3.3.3 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 each 

of the sample were weighed accurately into a thimble and placed in a soxhlet 

apparatus and extracted with anhydrous ether until the green colour of the sample 

was completely extracted by the solvent. The ether extract was filtered into a 

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 to fresh weight basis.
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3.3.4 Crude fibre

Crude fibre content of the samples was estimated by acid-alkali 

digestion method as suggested by Chopra and Kanwar (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 ! 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 for 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 m weight on ignition and then converted to fresh weight basis.

3.3.5 Starch

The starch content was analysed colorimetrically using anthrone reagent 

as suggested by Sadasivam and Manikam (1992).

The powdered and dried sample (0.1 g) was homogenized in eighty per 

cent ethanol to remove sugars, centrifuged and the residue was retained and 

washed repeatedly with hot eighty per cent ethanol. The residue was dried over a 

water bath and added 5 ml water and 6.5 ml fifty two per cent perchloric acid and 

extracted at 0°C for twenty minutes, centrifuged and supernatant was saved. The 

extraction was repeated using fresh perchloric acid. The supernatants were pooled 

and made up to 100 ml. Pipetted 0.1 ml of the supernatant made up to 1 ml, added 

4 ml of anthrone reagent, heated for eight minutes, cooled rapidly and the intensity 

of green colour was read at 630 nm. A standard graph was prepared using serial 

dilutions of standard glucose solution. From the standard graph, glucose content of 

the sample was obtained and converted to fresh weight basis. This value was 

multiplied by a factor of 0 9 to arrive at the starch content.
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3.3.6 Soluble carbohydrates

The soluble carbohydrate content was analysed colorimetrically using 

anthrone reagent (Sadasivam and Manikam, 1992).

The powdered and dried sample was homogenized in hot eighty per cent 

ethanol and centrifuged to extract the soluble sugars. The residue was washed 

repeatedly with hot eighty per cent ethanol and centrifuged. The washings were 

collected and allowed to evaporate. Five ml of water and 6.5 ml of fifty two per 

cent perchloric acid were added and kept for twenty minutes at 0°C. Pipetted 

0.1 ml of supernatant and made up to 1 ml, added 4 ml anthrone reagent, heated for 

eight minutes cooled rapidly and the intensity of green colour was read at 630 nm. 

A standard 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.

3.3.7 Calcium and Iron

For estimating the calcium and iron contents o f  the samples, diacid 

extract of the samples were prepared and were estimated in an Atomic Absorption 

Spectrophotometer (Perkm-Elmer, 1982).

Two gram of the dried and powdered sample were digested with 12 ml 

of 2:1 diacid (two parts nitric acid : 1 part perchloric acid). The diacid extract was 

made up to 100 ml and used directly for estimation m an Atomic Absorption 

Spectrophotometer

3.3.8 Phosphorus

The phosphorus content was analysed colorimetrically after preparing a 

diacid extract, by vanadomolybdophosphoric yellow colour method in nitric acid 

medium (Jackson, 1973).
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Two gram of dried and powdered plant sample were pre digested with 

12 ml of 2 1 diacid and volume made up to 50 ml. Five ml of the aliquot were 

pippeted in to 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 of yellow 

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

using serial dilutions of standard phosphorus solution. From the standard graph the 

phosphorus content of the samples were estimated and converted to fresh weight 

basis.

3.3.9 Beta-catotene

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 were 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.

3.3.10 Vitamin C

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

method of A O  A C (1955) using 2,6 dechlorophenol indophenol 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 

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

Ascorbic acid content of the fresh sample was calculated from the titre value.
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3.3.11 Calculation of Average nutritive value

Average nutritive value of the leaves was calculated by the following 

formula 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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3.4 Analysis of anti-nutritional factors in leafy vegetables

The anti-nutritional factors like oxalates and nitrates in the leaves were 

analysed during summer and rainy seasons. The samples were collected twice 

during each season at an interval of 15-20 days. Both oxalate and nitrate contents 

in the samples were estimated colorimetrically as suggested by Marderosian el al.

(1979).

3.4.1 Oxalate

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 filtrate was 

added to two ml of diluted iron ferron reagent and the absorbance read at 540 ran 

in a spectrophotometer. The oxalate content of the dried sample was calculated 

from a standard graph and converted to fresh weight basis.
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3.4.2 Nitrate

One gram of the powdered and dried plant material was extracted m 

100 ml of distilled water for thirty minutes, filtered and twenty ml of the filtrate 

was pipetted into an iodine flask. Twenty ml of 0.1 per cent 3,4 dimethyl phenol 

was added to it followed by 40 ml of concentrated sulphuric acid. Flask was glass 

stoppered and allowed to stand for 10 minutes. After this 200 ml of distilled water 

was added and the samples were held for thirty minutes. The contents were steam 

distilled and 25 ml of distillate were collected in a volumetric flask containing five 

ml of 6 5 per cent sodium hydroxide. The colour intensity of the sample was 

measured spectrophotometncally at 430 nm using sodium hydroxide and water as 

blank. The nitrate content of the dried sample was calculated from a standard graph 

and converted to fresh weight basis

3,5 Organoleptic evaluation

Organoleptic evaluation of the fresh leaves of the selected leafy 

vegetables and that of the control variety was conducted after cooking at the 

laboratory level during rainy and summer season by collecting samples at an 

interval of 15-20 days

3.5.1 Selection ofjudges

A series of 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).

3.5.2 Preparation of the samples 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 Heated 10 g 

coconut oil and spluttered mustard Added 25 g of scraped coconut, 1Z2
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teaspoonful chilhpowder and a little salt. Added the leaves, sprinkled a little water 

and cooked under a low flaine.

3.5.3 Sensory evaluation

Acceptability trials of the cooked leafy vegetables were conducted using 

the score card (Swaminathan, 1974) by the selected ten judges. The score card 

developed for the study is presented in Appendix 1. Five quality attributes like 

appearance, colour, flavour, texture and taste were included as the quality 

attributes Each of the above mentioned quality attributes was assessed by a five 

point hedonic scale.

3.6 Statistical analysis

Analysis of data was conducted by using statistical techniques such as 

analysis of variance, Duncan’s multiple range test (DMRT), Kruskelwallis test and 

cluster analysis.
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4. RESULTS

The results pertaining to the study entitled ‘Quality attributes of selected 

leafy vegetables' are presented under the following headings.

1. Nutritional composition of leafy vegetables

2. Anti-nutritional factors in leafy vegetables

3. Acceptability of the leafy vegetables

4.1 Nutritional composition of leafy vegetables

Eight leafy vegetables, available and maintained in the Department of 

Olericulture, College of Horticulture, Vellanikkara, were analysed for eleven 

nutrients, i.e., moisture, protein, fat, fibre, starch, soluble carbohydrates, calcium, 

iron, phosphorus, beta carotene and vitamin C during summer and rainy reasons. 

The nutrients present in these eight leafy vegetables were compared with 

Amaranihus tricolor L. which was selected as the control variety. The results of the 

nutrient composition of the selected leafy vegetables are presented in Tables from 1 

to 12.

4.1.1 Moisture

The moisture content of the selected leafy vegetables are given in Table 

1. The mean moisture content ranged from 78.98 per cent in bengal keera to 92.78 

per cent in basella leaves. The control variety Amaranihus tricolor L. had a mean 

moisture content of 86.66 per cent which was found to be higher than arakeera 

(85.11%), aksharakeera (80.67%), bengal keera (78.98%) and centella (84.90%). 

The mean moisture content of kangkong (87.88%), basella (92.78%), water leaf 

(92.67%) and horse purslane (87.22%) was found to be higher than the control 

variety.
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Table I. Moisture content of different leafy vegetables (g 100 g'1)

SI.No Variety Summer Rainy Mean
1 Aksharakeera 8242e 78.92c 80.67 e
2 Arakeera 85.11d 85.11b 85.11“*
3 Basella 92.19a 93.37“ 92.78“
4 Bengal keera 77.85f 80.11* 78.98f
5 Centella 85.67d 84.13b 84.90d
6 Horse purslane 87.92* 86.53b 87.22c
7 Kang kong 88.53b 87.24b 87.88“
8 Water leaf 92.88“ 92.47“ 92.67“

Control Amaranthus tricolor L. 86.43cd 86.89b 86.66*
Values having different superscripts differ significantly at 5% level

On the basis of Duncan’s Multiple Range Test (DMRT), the different 

leafy vegetables were classified into seven groups based on moisture content. Each 

class had only two or less members in it. Amaranthus tricolor, which was selected 

as the control variety was included in a separate group (be) which showed that it 

had significant difference from all the eight leafy vegetables selected for the study 

with respect to moisture content.

During summer season, the moisture content of the leaves varied from 

77.85 per cent to 92.88 per cent. The highest moisture content was observed m 

water leaf and lowest in bengal keera during summer season. The control variety 

had a higher moisture content (86.43%) than the four other leafy vegetables namely 

arakeera (85.11%), aksharakeera (82.42%), bengal keera (77.85%) and centella 

($5.67%) while the other four leafy vegetables had a higher moisture content than 

Amaranthus tricolor during summer season.

According to DMRT, the different leafy vegetables were classified into 

seven groups based on their moisture content during summer season. The control 

variety was grouped as a separate group (cd) which showed that the leafy vegetables 

selected for the study are significantly different from the control variety with respect 

to moisture content during summer season.
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The moisture content of the leaves during rainy season ranged from 

78.92 per cent to 93.37 per cent in aksharakeera and basella leaves respectively. The 

moisture content of kangkong (87.24%), basella (93.37%) and waterleaf (92 47%) 

was found to be higher than the control variety (86.89%) while horse purslane 

(86 53%), arakeera (85.11%), aksharakeera (78.92%), bengal keera (80.11%) and 

centella (84.13%) had a lower moisture content than the control variety during rainy 

season.

Statistically the different leafy vegetables were arranged into three groups 

on the basis of moisture content of the leaves during rainy season (Table 1). 

Amaranthus tricolor was included in the second group (b) with four other leafy 

vegetables namely arakeera, bengal keera, centella and horse purslane. This 

indicated that Amaranthus tricolor had no significant difference with these four 

leafy vegetales with respect to moisture. The members of other two groups (a & c) 

had significant difference between themselves.

Tlie mean moisture content of eight leafy vegetables with that of 

Amaranthus tricolor is shown in Figure 1.

Analysis of variance test indicated that there was significant variation 

between the leafy vegetables with respect to moisture during summer (F value = 

76.92) as well as rainy season (F value = 16.14) at one per cent level. However, the 

variation with respect to moisture content of the leaves between summer and rainy 

seasons was found to be insiginificant (F value = 0.70).

4.1.2 Protein

The crude protein content of leafy vegetables on fresh weight basis 

during summer and rainy seasons and the mean crude protein content are presented 

in Table 2.



52

The mean protein content of the leaves varied from 1.20 g to 3.13 g 

100 g '\  The highest value was observed in kangkong and the lowest in basella 

leaves. The control variety had the highest protein content (3.19 g%) than all the 

other eight leafy vegetables selected for the study.

Table 2. Protein content of different leafy vegetables (g 100 g'1)
SI No. Variety Summer Rainy Mean

Aksharakeera 3.61a 2.59^ 3.10 ab
2 Arakeera 2.23f 2.46b 2.35
-> Basella 1.48® 0.92c 1.20“
4 Bengal keera 3.18b 2.39b 2.79“*
5 Centella 2.281 2.64h 2.46bcd
6 Horse purslane 2.80° 1.34c 2.07d
7 Kang kong 2.88d 3.39“ 3.13nb
8 Water leaf 1.51® 1.04c 1 28c

Control Amaranthus tricolor L. 3.03c 3.34“ 3.19“
Values having different superscripts differ significantly at 5% level

Statistically, the various leafy vegetables including the control variety 

were differentiated into seven categories. The categories ab and e had two members 

each. The leafy vegetables included in these two categories were not significantly 

different from each other, but different from the leafy vegetables of other categories 

statistically. Amaranthus was included in the first group as a single entity which 

indicated that it had significant difference from all the other leafy vegetables 

selected for the study.

The protein content during summer and rainy seasons were found to be 

lowest in basella leaves (1.48% and 0.92%). The highest protein content was 

observed in aksharakeera (3.61%) during summer season and in kangkong (3.39%) 

during rainy season

The protein content of amaranth (3.03%) was found to be more than all 

the other leafy vegetables during summer season except in aksharakeera (3.61%) 

and bengal keera (3.18%), while in rainy season, the protein content of the control
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variety was found to be highest (3.34%) than all the other leafy vegetables except 

kangkong (3.39%).

DMRT classified the different leafy vegetables on the basis of protein 

content during summer into seven groups. Each group consisted of only one 

member except the groups f  and g which had two members each. Amaranthus 

tricolor was included in the third group (c) as the sole member and this indicated 

that the control variety had statistically significant difference from all the other leafy 

vegetables selected for the study, with respect to protein content during summer 

season.

During rainy season, the different leafy vegetables were grouped into 

three groups based on protein content, each group containing two, three or more 

leafy vegetables. The leafy vegetables belonging to the same group had no 

significant difference between themselves but they differed from the leafy 

vegetables of other groups. The control variety which had a protein content of 3.34 g 

100 g'' was included along with kangkong.

The mean protein content of eight leafy vegetables with that of 

Amaranthus tricolor is shown in Figure 2.

The results of the statistical analysis indicated that there was significant 

variation in the protein content at 5 per cent level between the leafy vegetables 

during summer (F value = 1041.52) as well as rainy (F value = 42.11) seasons. But 

no significant variation was observed in the protein content of the leaves between 

summer and rainy season (F value = 1.92).
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4.1.3 Fat

Table 3. Fat content of different leafy vegetables (g 100 g'1)

Sl.No. Varietv Summer Rainy Mean
1
2
3
4
5
6
7
8

Control

Aksharakeera 
Arakeera 
Basella 
Bengal keera 
Centella 
Horse purslane 
Kang kong 
Water leaf
Amaranthus tricolor L.

0.57a 
0.33 * 
0.15d 
0.30c 
0.37 b 
0.29c 
1.14 d 
0.34* 
0.32*

0.72a 
0.33c 
0.24 
0.23cf 
0.40b 
0.30cd 
0.221' 

0.25dcl 
0.29cde

0.65 “ 
0.33* 
0.19d 
0.27 c 
0.39b 
0.29c 
0.18 d 
0.30“ 
0.30c

Values having different superscripts differ significantly at 5% evel

The mean fat content of the leafy vegetables on fresh weight basis are 

furnished in Table 3. As revealed in the table, the mean fat content in the leaves of 

different leafy vegetables ranged from 0.18 per cent in kangkong to 0.65 per cent m 

aksharakeera. The control variety, Amaranthus tricolor L. was found to have a 

mean fat content of 0.30 per cent. This value was found to be higher than five leafy 

vegetables viz. kangkong (0.18%), basella (0.19%), waterleaf (0,39%), 

horsepurslane (0.29%) and bengal keera (0.27%) and the other three leafy 

vegetables viz. arakeera (0.33%), aksharakeera (0.64%) and centella (0.39%) had 

higher fat content than the control variety.

On the basis of DMRT, the different leafy vegetables were arranged into 

five categories. The four leafy vegetables including the control variety which had a 

content in between 0.27 per cent and 0.30 per cent were included in the third 

category (c). It showed that Amaranthus tricolor, had no significant difference from 

these leafy vegetables in its mean fat content, and the rest of the leaves namely, 

kangkong, basella, akshara keera, centella and arakeera were significantly different 

from the control variety with respect to their fat content.
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When the selected leafy vegetables were analysed dunng summer and 

rainy seasons, it was found that dunng summer season, the fat content ranged from 

0.15 to 0.57 g 100 g'1. The lowest and the highest fat content were found 

respectively in basella and aksharakeera. The control variety, Amaranlhus tricolor 

was found to have a value of 0.32 g 100 g'1, during summer season, which was 

lower than, water leaf (0.34%), arakeera (0.33%), aksharakeera (0.57%) and 

centella (0.37%) while the other four vaneties had a lower fat content than the 

control variety during summer season.

On the basis of fat content of leafy vegetables during summer season, 

they were classified into five groups on the basis of DMRT. Amaranthus tricolor 

was included in the third group (be) along with arakeera and water leaf which 

showed that statistically these three leafy vegetables are significantly different from 

the leafy vegetables of category a, b, c and d.

The fat content of the leaves dunng rainy season varied from 0.22 g 

100 g'1 in kangkong to 0.72 per cent in aksharakeera. The control variety had a 

value of 0.29 g 100 g'1 during rainy season, which was found to be lower than most 

of the other varieties except kangkong, basella and waterleaf

Statistically, the different leafy vegetables were grouped into eight 

groups, each harbouring only one leafy vegetable except the seventh group (ef) 

which had two members in it. The control variety was included in a separate group 

namely (de) which showed that Amaranthus tricolor is significantly different from 

all the other leafy vegetables on the basis of fat content dunng rainy season.

The mean fat content of eight leafy vegetables with that of Amaranthus 

tricolor is shown in Figure 3.

The Analysis of vanance with respect to fat content indicated significant 

variation between the leafy vegetables during both seasons [F value ~ 61.943
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(summer) and 120.869 (rainy)], but the variation in fat content was found to be 

insignificant (F value = 0.52) between summer and rainy seasons.

4 1.4 Fibre

The fibre content of the leafy vegetables during summer and rainy 

seasons and the mean fibre content of the leaves are presented in Table 4.

The mean fibre content of the leafy vegetables varied from 0.92 per cent 

to 4.08 per cent The highest and lowest fibre contents were observed in centella 

leaves and waterleaves respectively. The mean fibre content of the control variety 

(1.56%) was found to be lower than that of horse purslane (2.39%), aksharakeera 

(2.35%), bengal keera (3 04%) and centella (4.08%). All the other leafy vegetables 

had lower fibre content than amaranth.

On the basis of the fibre content, the leafy vegetables were grouped 

statistically into five classes. The fourth group (cd) contained four leafy vegetables 

namely, arakeera, basella and kangkong and the control variety Amaranthus 

tricolor. The leafy vegetables mcluded in the same class were not significantly 

different from each other but different from leafy vegetables of other classes 

statistically.

The fibre content of the leaves during summer season ranged from 1.18 

(kangkong) to 5.94 g 100 g'1 (centella).

Table 4. Fibre content of different leafy vegetables (g 100 g'1)
Sl.No. Variety Summer Rainy Mean

1 Aksharakeera 2.16£ 2.53b 2.35bc
2 Arakeera 1.89"* 0.87' 1.38*
3 Basella 1.53* 0.78r 1.55*
4 Bengal keera 3.11b 2.96a 3.04ab
5 Centella 5.94a 2.22 s 4.08a
6 Horse purslane 3.31 b 1.46s 2.39bc
7 Kang kong 1.18s 1.80 s1 i .49*
8 Water leaf 1.45 s 0.69f 0.92J

Control Amaranthus tricolor L. 1.72cd 1.40s 1.56*
V a lu e s  h a v in g  d if fe re n t s u p e rs c r ip ts  d if fe r  s ig n if ic a n t ly  a t  5 %  level
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Except three leafy vegetables viz. kangkong (1.18%), basella (1.53%) 

and water leaf (1 45%) all the other varieties had higher fibre content that the 

control variety during summer season.

Statistically, the different leafy vegetables were classified into six groups 

on the basts of fibre content during summer season. The first group (a) included 

only centella leaves Amaranthus tricolor was included along with arakeera which 

showed that the control variety is significantly different ffom all the other leafy 

vegetables except arakeera.

During rainy season, the fibre content of leaves varied ffom 0.69 to 

2.96 g 100 g’1. The lowest and highest fibre contents were observed in waterleaf and 

bengal keera respectively. The fibre content of the control variety was found to be 

1.40 g 100 g'' which was found to be higher than the fibre content of basella 

(0.78%), water leaf (0.69%) and arakeera (0.87%) and lower than kangkong 

(1.80%), horse purslane (1.46%), aksharakeera (2.53%), bengal keera (2.96%) and 

centella (2.22%).

On the basis of fibre content of leafy vegetables during rainy season, the 

leafy vegetables were grouped statistically into six groups. All the groups contained 

one variety each, except the group e & f  which had two and three members each, 

respectively. Amaranthus tricolor was included along with horse purslane. This 

showed that Amaranthus tricolor is statistically different ffom all the other leafy 

vegetables except horse purslane in the fibre content during rainy season.

The mean fibre content of eight leafy vegetables with that of Amaranthus 
tricolor is depicted in Fig.4

Analysis of variance test indicated significant variation between the leafy 

vegetables with respect to fibre content during summer (F value = 98.623) and rainy
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seasons (F value = 84.92) at 1 per cent level. The variation in the fibre content 

between summer and rainy seasons was found to be insignificant (F value = 3.4).

4.1.5 Starch

Starch content of eight leafy vegetables and the control variety was 

estimated and the results are furnished in Table 5. The mean starch content of leafy 

vegetables ranged between 0.07 _per cent and 1.70 per cent. Bengal keera was found 

to have the highest amount and water leaf, the lowest. The control variety was found 

to have a mean value of 0.17 per cent. Except waterleaf (0.07%) and centella 

(0.14%), all other leafy vegetables had an higher starch content than the control 

variety.

Statistically, the various leafy vegetables were differentiated into five 

categories. The category c had five members including Amarcmthus tricolor. These 

five leafy vegetables were not significantly different from each other, but different 

from the leafy vegetables of other classes statistically. All the other four leafy 

vegetables were included in four separate groups which indicated that these leafy 

vegetables were significantly different from each other with respect to starch 

content

Table 5. Starch content of different leafy vegetables (g 100 g'1)

Sl.No. Variety Summer Rainy Mean
1 Aksharakeera 0.42b 2.71* T5616
2 Arakeera 0.42b 0.24d 0.33'
3 Basella 0.22c 0.39d 0.31'
4 Bengal keera 0.60* 2.79“ 1.70“
5 Centella 0.04d 0.25d 0.14'
6 Horse purslane 0.21° 1.65b 0.93abc
7 Kang kong 0.13 td 1.15' 0.64 *
8 Water leaf 0.12cd 0.03d 0.07'

Control Amaranthus tricolor L. 0 20' 0.14d 0.17'
V alues h av in g  d ifferen t supe rsc rip ts  d iffe r  sig n ifican tly  a t 5 %  level
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When the leaf samples were analysed during summer season, the starch 

- content ranged from 0.04 (centella) to 0.60 g per cent (bengal keera). Hie starch 

content of basella (0.22%), horse purslane (0.21%), arakeera (0.42%), aksharakeera 

(0.40%) and bengal keera (0.60%) was found to be higher than the control variety

(0.20%)

DMRT classified the leafy vegetables into five groups on the basis of 

their starch content during summer season. Amaranthus tricolor was included in the 

third group (c) along with basella and horsepurslane which means that Amaranthus 

tricolor is significantly different from the leafy vegetables namely, aksharakeera, 

arakeera, bengal keera, centella, kangkong and water leaf with respect to their 

starch content during summer season.

During rainy season, the starch content ranged between 0.03 per cent to 

2.79 per cent. The highest starch content was reported in bengalkeera and the 

lowest in waterleaf. The control variety was reported to have a value of 0.14 per 

cent during rainy season. Aksharakeera (2.710%), arakeera (0.236%), basella 

(0.390%), bengalkeera (2.790%), centella (0.247%), horsepurslane (1.653%) and 

kangkong (1.150%) had an higher starch content than the control variety.

Statistically, the various leafy vegetables were differentiated into four 

categories. The categones a & d had two and five members each. Amaranthus 

tricolor was included along with four other leafy vegetables namely, arakeera, 

basella, centella and waterleaf on the basis of their starch content during rainy 

season. This showed that the starch content of Amaranthus tricolor was not 

significantly different from these four leafy vegetables included in third group

The mean starch content of eight leafy vegetables with that of 

Amaranthus tricolor is given in Figure 5.
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Analysis of variance revealed significant variation in starch content (1% 

level) between the leafy vegetables during rainy (F value = 98.329) and summer 

(F value = 14.679) seasons. Significant variation (5% level) was also observed in 

the starch content of the leaves between summer and rainy seasons (F value -  5.33).

4.1.6 Soluble carbohydrates

The mean soluble carbohydrate content of the leaves, and the soluble 

carbohydrate content during summer and rainy seasons are furnished in Table 6 

The mean soluble carbohydrate content of leafy vegetables varied from 0.63 to 

2.12 g 100 g'1 with basella leaves having the lowest and centella leaves with the 

highest value. The mean soluble carbohydrate content of the control variety was 

found to be 1.32 g 100 g'V The mean soluble carbohydrate content of kangkong 

(1.74%), horsepurslane (1.56%), bengal keera (1.91%) and centella (2.12%) was 

found to be higher than amaranth while the rest of the leaves namely, basella 

(0 63%), water leaf (1 11%), arakeera (1.20%) and aksharakeera (0.90%) had lower 

soluble carbohydrate content.

Table 6. -Soluble carbohydrate content of different leafy vegetables (g 100 g'1)

SI.No. Variety Summer Rainy Mean
1 Aksharakeera 1.42* 0.38d 0.90de
2 Arakeera 1.08* 1.32b 1.20**
3 Basella 0.71d 0.55d 0.63e
4 Bengal keera 2.47a 1.34c 1.91 *
5 Centella 1.83b 2.41a 2.12“
6 Horse purslane 1.05* 1.26* 1.15**
7 Kang kong 2.36a 1.11* 1.74a*
8 Water leaf 1.21* 1.01c 1.11**

Control Amaranthus tricolor L 1.30* 1.34b 1.32 *“
Values having different superscripts differ significantly at 5% level

The different leafy vegetables were classified into seven groups 

according to their soluble carbohydrate content on the basis of DMRT. The control
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variety was included as a separate group namely bed and it showed that Amaranthus 

tricolor had significant difference from the other leafy vegetables in soluble 

carbohydrate content.

During summer season, the soluble carbohydrate content of the leaves 

varied from 0.71% in basella to 2.47% in bengal keera. The soluble carbohydrate 

content of the control variety (1.32%) was found to be higher than basella (0.71%), 

water leaf (1.2%), horse purslane (1.05%) and arakeera (1.08%) and lower than 

kangkong (2.36%), aksharakeera (1.42%), bengal keera (2.47%) and eentella 

(1.83%) leaves

Statistically the various leafy vegetables were differentiated into six 

categories on the basis of soluble carbohydrate content during summer season.

The soluble carbohydrate content of the leaves during rainy season varied 

between 0.38 per cent to 2.41 per cent, the highest value was noted in eentella 

leaves and the lowest in aksharakeera during rainy season. Except eentella (2.41%), 

all other leafy vegetables had a lower soluble carbohydrate content during rainy 

season with bengal keera having the same content of soluble carbohydrate as that of 

the control variety.

Statistically, the different leafy vegetables were classified into five groups 

on the basis of soluble carbohydrate content during rainy season. The group a 

included the best leafy vegetable namely eentella. The group b was found to occupy 

three leafy vegetables including the control variety. This indicated that soluble 

carbohydrate content of Amaranthus tricolor, was not significantly different from 

the other two leafy vegetables namely arakeera and bengal keera.

The mean soluble carbohydrate content of eight leafy vegetables with 

that of Amaranthus tricolor is shown in Figure 6.
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Analysis of variance test indicated that there was significant variation 

between the leafy vegetables with respect to soluble carbohydrate during summer 

(F value 14.679) and rainy seasons (F value 44.680) at five per cent level. No 

significant variation was seen in the leafy vegetables between summer and rainy 

seasons (F value 1.8).

4.1 7 Calcium

Calcium content of the eight leafy vegetables was analysed on fresh 

weight basis and compared with the control variety, Amaranlhus tricolor and the 

values are furnished in Table 7. From the table, it can be seen that the mean values 

ranged from 13.42 mg 100 g'1 in basellato 135.20mg lOOg'1 inbengal keera.

Table 7. Calcium content of different leafy vegetables (mg 100 g'1)

SI.No Variety Summer Rainy Mean
1
2
3
4
5
6
7
8

Control

Aksharakeera 
Arakeera 
Basella 
Bengal keera 
Centella 
Horse purslane 
Kang kong 
Water leaf
Amaranlhus tricolor L.

58.97c
56.66°
14.46°
122 26a 
38.13d 
50.80° 
28.80d 
17,81° 
78.84b

136.53 a 
83.92° 
12.38f 
148.13a 
63.56d 
114.25b 
31.13ef 
42.30° 
139.813

97.75b 
70.29 °d 
13.42' 
135.20 “ 
50.85de 
82.53 ^ 
29.96€f 
30.06 °r 
109.32 ab

Values having different superscripts differ significantly at 5% evel

The control variety Amaranlhus tricolor, had a calcium content of 

109.33 mg 100 g'1. Except bengal keera all the other leafy vegetables had a lower 

calcium content than the control variety.

DMRT classified the different leafy vegetables on the basis of mean 

values for calcium into eight groups. The two leafy vegetables namely kangkong 

and waterleaf were included in the same category namely 'e f  which indicated that 

there is no significant difference statistically in the calcium content of these two
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leafy vegetables. Other varieties were included in separate groups. It showed that all 

the leafy vegetables are statistically different from each other. The control variety 

was also included in a separate entity (ab). This means that all the leafy vegetables 

were statistically different from the control variety in calcium content.

The calcium content of leafy vegetables during summer season ranged 

between 14.46 mg to 122.26 mg 100 g'1. The lowest value was obtained in basella 

(14.48 mg 100 g'1) and the highest in bengal keera (122.26 mg 100 g 1). During 

summer season amaranthus had 78.84 mg of calcium per 100 g and only bengal 

keera had higher values than the control variety, with respect to calcium in summer 

season.

On the basis of DMRT, the different leafy vegetables were arranged into 

five groups on the basis of calcium content during summer season. Amaranthus 

tricolor was included in the second group as the sole member of that group which 

indicated that all the other leafy vegetables are significantly different from the 

control variety. The members of different groups had significant difference between 

themselves op the basis of the calcium content during summer season.

Dunng rainy season, the calcium content of the control variety amaranth 

was found to be 139.81 mg 100 g '1 and for the other eight leafy vegetables, the 

values varied from 12.38 mg (basella) to 148.13 mg (bengal keera) per 100 g of the 

leafy vegetable. Only bengal keera contained higher values than Amaranthus 

tricolor.

Statistically, the different leafy vegetables were classified into seven 

groups. The group (a) included the best three leafy vegetables including 

Amaranthus tricolor. This showed that calcium content of the control variety was 

not significantly different from the two leafy vegetables namely kangkong and water 

leaf included in group (a), during rainy season.
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The mean calcium content of eight leafy vegetables with that of 
Amaranthus tricolor is shown in Figure 7

Statistical analysis indicated significant variation in calcium content 

between the leafy vegetables during summer (F value 106.819) as well as rainy (F 

value 62.282) seasons, at 1 per cent level. The variation with respect to calcium 

content of leaves between summer and rainy seasons (F value 13.64) was also found 

to be significant (at 1% level).

4.1.8 Phosphorus

The mean values of phosphorus of different leafy vegetables and the 

control variety are given in Table 8. The phosphorus content of all the leaves during 

summer and rainy seasons are also presented in the table. The mean values ranged 

from 5.60 mg to 13.84 mg per 100 g of leaves. The highest mean value was 

obtained in kangkong and the lowest in waterleaf. The phosphorus content of 

control variety amaranth (12.59 mg 100 g'1) was found to be higher than all the 

other leafy vegetables, except kangkong.

The different leafy vegetables were classified into three groups according 

to their phosphorus content on the basis of DMRT. The control variety was included 

in the first group with higher phosphorus content namely (a) along with kangkong 

and it showed that Amaranthus tricolor and kangkong were significantly different 

from the other varieties of leafy vegetables in phosphorus content.

During summer season, the phosphorus content ranged between 2.43 mg 

to 4.78 mg 100 g '1 with waterleaf having lowest and arakeera with the highest 

value. The phosphorus content of amaranth during summer season was found to be 

4.66 mg 100 g'1. The phosphorus content of all the other leafy vegetables except 

arakeera was found to be lower than the control variety.
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Table 8. Phosphorus content of different leafy vegetables (g 100 g'1)

SI.No. Variety Summer Rainy Mean
1 Aksharakeera 4.13ab 17.31* 10.72 ab
2 Arakeera 4.78a 16.15*d 10.47ab
3 Basella 3.07* 9.89c 6.48b
4 Bengal keera 4.13ab i o . o r 7.07b
5 Centella 3.26* 11.lO* 7.18b
6 Horse purslane 4.23ab 8.76* 8.88ah
7 Kang kong 3.30* 24.39a 13.84“
8 Water leaf 2.43* 8.76* 5.60b

Control Amaranthus tricolor L. 4.66a 20.51ab 12.59“
Values having different superscripts differ significantly at 5% level

On the basis of phosphorus content, the leafy vegetables were statistically 

classified into four categories during summer season each group containing 2 or 3 

members. The control variety was categorised as the first group (a) along with 

arakeera which indicated that all the other leafy vegetables except arakeera are 

significantly different from the control variety on the basis of phosphorus content 

during summer season.

The phosphorus content of the leaves during rainy season ranged 

between 8.76 (horsepurslane and waterleaf) to 24.39 mg 100 g'1 in kangkong. The 

control variety contained 20.51 mg 100 g'1 and the phosphorus content of leafy 

vegetables selected for the study except kangkong was found to be lower than the 

control variety.

DMRT classified the different leafy vegetables into six groups on the 

basis of phosphorus content during rainy season. All the groups except the last 

group (e), contained only one member each. Thus kangkong was placed in group 

(a), control variety m group (ab), aksharakeera in group (be), arakeera in group 

(bed) and centella in group (de). The members of group (e) were basella, 

bengalkeera, horsepurslane and waterleaf. Thus it can be seen that during rainy
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season all the leafy vegetables except kangkong had significantly lower phosphorus 

content than the control variety.

The mean phosphorus content of the eight leafy vegetables with that of 

Amaranthus tricolor is shown in Figure 8.

Analysis of variance indicated that the variation with respect to 

phosphorus content between leafy vegetables in summer (F value 6.349) as well as 

rainy seasons (F value 8.786) was significant at one per cent level. Significant 

variation existed in the leafy vegetables between seasons (F value 40.68) with 

respect to phosphorus content.

4 1.9 Iron

Iron content of leafy vegetables and the control variety on fresh weight 

basis are presented in Table 9. The mean iron content of leafy vegetables ranged 

between 5.16 to 34.76 mg 100 g'1. The highest value was obtained in kangkong and 

the lowest in basella leaves. The control variety, Amaranthus tricolor, had been 

found to have an iron content of 26.74 mg 100 g’1. Except kangkong, all the other 

leafy vegetables had lower iron content than the control variety.

Table 9. Iron content of different leafy vegetables (mg 100 g'1)

Sl.No. Variety Summer Rainy Mean
Aksharakeera 5.75* 40.96ab 23.36 a*

2 Arakeera 3.63 *“ 16.79cd 10.21
3 Basella 2.07J 8 25d 5.16d
4 Bengal keera 5.64* 37.08ab 21.36"*d
5 Centella 3.58*“ 37.08ab 20.33 "*d
6 Horse purslane 3.18"“ 22.85 *** 13.02 *d
7 Kang kong 38.40 “ 31.13"* 34.76"
8 Water leaf 1.84“ 11.75 cd 6.88d

Control Amaranthus tricolor L. 6.88b 46.60" 26.74ah
Values having different superscripts differ significantly at 5% evel



Fig.9. Mean iron content of different leafy vegetables
(mg 100 g'1)

Fig.10. Mean beta-carotene content of different leafy 
vegetables (pg 100 g'1)
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DMRT classified the leafy vegetables into seven classes. Two categories 

namely, abed and d had two members each. Amaranthus tricolor was included m a 

separate group namely ab, which showed that the control variety is significantly 

different from other leafy vegetables in iron content statistically.

Iron content of leaves during summer season was found to range between 

1.84 mg to 38.4 mg in waterleaf and kangkong respectively. Amaranthus tricolor 

had 6.88 mg of iron per 100 g of leaves dunng summer season and only kangkong 

had higher iron content than the control variety during summer season.

DMRT classified the different leafy vegetables into six categories on the 

basis of iron content during summer season. Amaranthus tricolor was included in a 

separate group (b), which showed that the control variety had significant difference 

from all the other leafy vegetables with respect to iron content during summer 

season.

During rainy season, the iron content of the leaves ranged between 

8.25 mg to 40.96 mg with basella having the lowest and aksharakeera having the 

highest value. The iron content of the control variety was found to be the highest 

(46.60 mg 100 g"1), than all the other leafy vegetables during rainy season.

According to DMRT, there were six categories of leafy vegetables based 

on the iron content during rainy season. The control variety was categonsed as the 

best group (a) and the sole member of that group. This showed that the other leafy 

vegetables were statistically different from the control variety with respect to iron 

content during rainy season.

The mean iron content of eight leafy vegetables with that of Amaranthus 

tricolor is given in Figure 9.

Significant variation in iron content was observed (at 1% level) between 

the leafy vegetables during summer (F value 124.145) as well as rainy seasons
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(F value 5 007), and between seasons in different leafy vegetables with respect to 

iron (F value 14.52).

4.1.10 Beta carotene

The mean beta carotene content of the leafy vegetables estimated on 

fresh weight basis are furnished in Table 10. The beta carotene content of the leafy 

vegetables during summer and rainy seasons are also furnished in the same table.

Table 10. Beta carotene content of different leafy vegetables (fig 100 g'1)

Sl.No. Variety Summer Rainy Mean
1 Aksharakeera 4977.01s 8540.88c 6758.94c
2 Arakeera 16330.19s 6806.91e 11568.55abe
3 Basella 3901.25s 15241.77s 9571.5160
4 Bengal keera 5733.80s 14793.19ab 10263.50sbc
5 Centella 4482.96 s 3531.87d 4007.42c
6 Horse purslane 29308.04s 12365.64b 20836.84sb
7 Kang kong 35361.00s 81933.27c 22147.13s
8 Water leaf 11236.34s 8728.89c 9982.61 abc

Control Amaranthus tricolor L 15063.97 s 8937.36c 12000.66sbc
Values having different superscripts differ significantly at 5% level

The mean beta carotene content of 100 g of leaves ranged from 

4007.42 gg to 22147 pg. The highest mean beta carotene content was observed in 

kangkong leaves and the lowest in centella. The control variety had been found to 

have a mean beta carotene content of 12000.66 gg 100 g’1. kangkong and horse 

purslane contained an higher beta carotene content than the control variety.

Accordmg to DMRT, the different leafy vegetables were grouped into 

five categories. The leafy vegetables belonging to the same group had no significant 

difference between themselves but they differ from the leafy vegetables of other 

classes. The control variety was included along with three other leafy vegetables 

namely arakeera, bengalkeera and waterleaf in category abc. This shows that there
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is no significant difference in the beta carotene content of these leafy vegetables, but 

they are significantly different from other leafy vegetables.

When the leafy vegetables were analysed during summer and rainy 

seasons, it was found that the beta carotene content ranged from 3901.25 (basella) 

to 35361 (kangkong) gg lOOg'1 during summer season. Amaranthus tricolor 

contained 15063.97 gg 100 g'1 of beta carotene during summer season. The beta 

carotene content of kangkong, horsepurslane and Arakeera was found to be higher 

than the control variety.

Statistically, all the leafy vegetables including Amaranthus tricolor was 

categorised in a single group (a) on the basis of their beta carotene content during 

summer season, which showed that statistically there is no significant difference in 

the beta carotene content of the leafy vegetables selected for the study during 

summer season.

During rainy seson, the beta-carotene values varied from 15241.77 to 

3531.87 gg 100 g'1 with basella having the highest and centella having the lowest 

values. The control variety contained 8937.36 gg 100 g’1 beta carotene during rainy 

season on fresh weight basis. Basella (15241.77 gg 100 g'1), horsepurslane 

(20836.84 gg 100 g'1) and bengal keera (14793.19 gg 100 g'1) contained more beta 

carotene than Amaranthus tricolor during rainy season.

According to DMRT, the leafy vegetables selected for the study were 

classified into five groups, on the basis of beta carotene content during rainy season. 

The control variety was mcluded in the fourth group (c) along with four other leafy 

vegetables namely, aksharakeera, arakeera, kang kong and water leaf, which 

indicated that there is no significant difference in their beta carotene content during

rainy season.
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The mean beta carotene content of eight leafy vegetables with that of 

Amaranthus tricolor is given in Figure 10.

The analysis of variance test revealed that the variation in beta carotene 

content of the leafy vegetables during summer as well as rainy season (F value 

14.34) and between seasons (F value 1.12) were insignificant.

4.1.11 Vitamin C

The mean vitamin C content of the leafy vegetables varied from 

51.77 mg to 127.27 mg 100 g'1. The highest mean vitamin C content was observed 

in centella leaves and the lowest in bengal keera. The vitamin C content of the 

control variety was found to be 123.51 mg 100 g'1 on FWB. Except centella, the 

vitamin C content of all the other leafy vegetables was found to be lower than the 

control variety.

On the basis of vitamin C content, the leafy vegetables were statistically 

classified into six categories, the first group (a), third group (b) and the sixth group 

(d) accomodating only one leafy vegetable each. The control variety was included in 

category ‘ab’ along with two other leafy vegetables namely arakeera and basella. 

This shows that these three varieties are not statistically different from each other

but different from other leafy vegetables.

Table 11. Vitamin C content of different lealV vegetables (me 100 a'1)
Sl.No. Variety Summer Rainy Mean

1
2
3
4
5
6
7
8

Control

Aksharakeera 
Arakeera 
Basella 
Bengal keera 
Centella 
Horse purslane 
Kang kong 
Water leaf
Amaranthus tricolor L.

57.00d 
100.86b 
84.31c 
24.29* 

132.90“ 
78.19c 
70.66cd 
82.54c 

110.46h

70.47c 
106.87b 
141.52“ 
79.24c 

121.64ab 
77.63e 
82.02c 

121.64 *b 
136.55“

63.74 cd 
103 86ab 
112.91Jb 
51.77d 

127.27* 
77.91 c 
76.34c 

102.09b 
123.51ab

Values having different superscripts differ significantly at 5% level
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The vitamin C content of the leaves when analysed dunng summer 

varied from 24.29 mg (bengal keera) to 132 90 mg 100 g'1 (centella). The control 

variety had a vitamin C content of 110.46 mg 100 g \  Only centella leaves 

contained higher vitamin C values than the control variety.

On the basis of the vitamin C content, the leafy vegetables were grouped 

statistically into six classes dunng summer season. The second and third groups 

namely 'b ’ arid V  had two and three members respectively. Amaranthus tricolor 

was grouped along with arakeera which showed that the control variety is 

statistically different from all the other leafy vegetables selected for the study except 

arakeera in its vitamin C content during summer season.

The vitamin C content of the leaves dunng rainy season vaned from 

70.47 mg to 141.52 mg 100 g'1. The highest vitamin C value was found in basella 

leaves and the lowest in aksharakeera. Amaranthus tricolor contained 136.55 mg of 

vitamin C per 100 g during rainy season which was found to be higher than all the 

other leafy vegetables except basella leaves.

Statistically, the different leafy vegetables were grouped into four groups 

on the basis of vitamin C content during rainy season. The group A included the 

control variety, Amaranthus tricolor along with basella which were grouped as the 

best leafy vegetable with respect to vitamin C content during rainy season. All the 

other leafy vegetables are statistically different from the control variety.

The mean vitamin C content of the eight leafy vegetables with the that of 

Amaranthus tricolor is given in Figure 11.

Statistical analysis indicated significant variation in vitamin C content of 

the leaves dunng summer (F value 35.598) and rainy season (F value 14.34) (at 1% 

level) and between seasons (F value 7.31) (at 5% level).
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4.J J 2  Average nutritive value

The average nutritive value of the leafy vegetables varied from 16.32 to 

37.65 The highest value was obtained for the control and the lowest for horse 

purslane. Average nutritive value of the leafy vegetables during summer and rainy 

seasons, as well as the mean value are provided in Table 12.

Table 12. Average nutritive value of different leafy vegetables

SI.No. Variety Summer Rainy Mean
Aksharakeera 12.75 35.20 23.98

2 Arakeera 23.57 20.07 21 82
3 Baselia 9.20 24.03 16.62
4 Bengal keera 14.13 40.24 27.19
5 Centella 16.37 28.50 22.44
6 Horse purslane 15.23 17.41 16.32
7 Kangkong 31.70 29.41 30.56
8 Water leaf 15.85 21.29 18.57

Control Amaranthus tricolor L. 35.29 40.02 37.66

During summer season, average nutritive value of the leafy vegetables 

varied from 9.20 in basella to 35.29 in the control variety. Kangkong came next to 

the control variety, with an average nutritive value of 31.7.

During rainy season also, the highest average nutritive value belonged to 

the control variety (40.02) Horse purslane had the lowest average nutritive value 

during rainy season (17.41).

It can be seen that, for most of the leafy vegetables, the average nutritive 

value during rainy season, was higher than the summer season. Exceptions were 

arakeera and kangkong, for which only a slight increase in average nutritive value 

was observed during summer season.
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4.2 Anti-nutritional factors in leafy vegetables

The leafy vegetables selected for the study were analysed for anti- 

nutntional factors namely-oxalate and nitrate contents and the values obtained were 

compared with the oxalate and nitrate contents of the control variety, Amaranthus 

tricolor L. and the results are furnished below.

4.2 l Oxalate

The mean oxalate content of the selected leafy vegetables are given in 

Table 13 The oxalate content of the leafy vegetables during summer and rainy 

seasons are also given in the same table

The mean oxalate content of the leaves varied from 0.23 g to 1.08 g 

100 g'1. The highest oxalate content was found to be present in bengal keera and the 

lowest in basella leaves. The oxalate content of Amaranthus tricolor was found to 

be 0.56 g 100 g'1. Four leafy vegetables namely aksharakeera (0.80%), arakeera 

(0.70%), bengal keera (1.08%) and centella (0.69%) had higher oxalate contents 

than the control variety.

According to DMRT, the different leafy vegetables were categorised into 

four groups based on oxalate content. Except the first group (a), all the other groups 

consisted of two or three members The control variety was placed in the third group 

(c), along with horse purslane and kangkong. Thus, the leafy vegetables selected for 

the study except these two leafy vegetables differed significantly from Amaranthus 

tricolor in oxalate content.

When the leafy vegetables were analysed during summer and rainy 

seasons for oxalate contents, it was found that during summer season, the oxalate 

content varied from 0.27 g in basella leaves to 1.25 g 100 g'1 in bengal keera. 

Amaranthus tricolor contained 0.62 g of oxalate per 100 g of leaves. Four leafy
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vegetables namely aksharakeera (0.78%), arakeera (0.86%), bengal keera (1.25%) 

and centella (0.68%) had higher oxalate content than control variety.

The different leafy vegetables were classified into six groups during 

summer season, on the basis of oxalate content The control variety belonged to the 

fourth group (d) along with centella leaves. All the other leafy vegetables had 

statistically significant difference from the control variety with respect to oxalate 

content.

During rainy season, the oxalate content of the leafy vegetables ranged 

between 0.18 per cent in basella leaves to 0.91 per cent in bengal keera. The control 

variety had higher oxalate contents during rainy season than basella (0.18%), 

horsepurslane (0.45%), kangkong (0.43%) and water leaf (0.23%).

DMRT classified the different leafy vegetables into eight groups based 

on their oxalate content during rainy season. Each group had only one member 

except the last group (g) which consisted of basella and water leaf. The fifth group 

contained the control variety, Amaranthus tricolor. On the basis of oxalate content 

during rainy season, all the leafy vegetables differed significantly from the control 

variety.

The mean oxalate content of eight leafy vegetables with that of 

Amaranthus tricolor is given in Figure 12.

Table 13. Oxalate content of different leafy vegetables (g 100 c'1)
SI.No. Variety Summer Rainy Mean

1 Aksharakeera 0.78° 0.83e 0.80b
2 Arakeera 0.86b 0.53d 0.7 0b
3 Basella 0.27f 0.18* 0.23d
4 Bengal keera 1.25“ 0.91“ 1.08“
5 Centella 0.68d 0.70c 0.69d
6 Horse purslane 0.50c 0.45ef 0.48*
7 Kang kong 0.51° 0.43' 0.47*
8 Water leaf 0.28f 0.23* 0.26d

Control Amaranthus tricolor L 0.62d 0.50di: 0.56*
Values having different superscripts differ significantly at 5% level
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The analysis of variance with respect to oxalate contents indicated 

significant variation between the varieties during summer (F value = 163.179) as 

well as rainy (F value -  206.976) seasons. However, the variation in oxalate content 

was found to be insignificant between summer and rainy seasons (F value = 0.02).

4.2.2 Nitrate

Nitrate content of eight leafy vegetables and the control variety was 

estimated and the results are furnished in Table 14. The mean nitrate content ranged 

between 0.11 per cent in basella leaves to 0.35 per cent in kangkong. Amaranthus 

tricolor which was selected as the control variety had the highest (0.68%) mean 

nitrate values than all the other leafy vegetables selected for the study.

On the basis of the mean nitrate content the different leafy vegetables 

were grouped into four groups namely, a, b, be and c. The control variety was 

included as the sole member of the first group a. The other two groups except ‘be’ 

had also only one member each. Thus the leafy vegetables selected for the study 

differed significantly from the control variety in the mean nitrate content.

The nitrate content of the leaves during summer season varied from 0.11 

per cent to 0.53 per cent. The highest value was observed in kangkong and the 

lowest in basella leaves. The control variety had the same (0.53%) nitrate content as 

that of kangkong.

According to DMRT, the different leafy vegetables were grouped into 

five categories during summer season. All the groups except lbc’ contained two 

members each. The control variety was included in the first group ‘a’, along with 

kangkong, which showed that the leafy vegetables selected for the study except 

kangkong differed significantly from the control variety, Amaranthus tricolor during

summer season.
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During rainy season, the nitrate content ranged from 0.11 g to 0.54 g 

100 g'1 tn basella leaves and bengal keera respectively. The control variety had the 

highest nitrate content (0.83%) during rainy season than all the other leafy 

vegetables selected for the study

The different leafy vegetables selected for the study were categonsed into 

seven groups, based on nitrate content during rainy season. The last group ‘e’ 

contained three members, where as all the other groups contained only one member. 

The control variety, belonged to the first group ‘a ’, showing that all the other leafy 

vegetables differed significantly from the control, in nitrate content during rainy 

season.

The mean nitrate content of eight leafy vegetables with that of 

Amaranthus tricolor is given m Figure 13.

Table 14. Nitrate content of different leafy vegetables (g 10o il )________________ .
SI.No. Variety Summer Rainy Mean

1
2

4
5
6
7
8

Control

Aksharakeera 
Afakeera 
Basella 
Bengal keera 
Centella 
Horse purslane 
Kang kong 
Water leaf
Amaranthus tricolor L.

0.20cd
0.43*b
0.11d
0.32*
0.49*b
0.12d
0.53“
0.20cd
0.53“

0.19cde 
0.13e 
0.1 lc 
0.54h 
0.15C 
0.36c 
0.17de 
O ^  
0.83“

0.20*
0.28*
o . i r
0.43b
0.32*
0.24*
0.35*
0.27*
0.68“

Values having different superscripts differ significantly at 5% level

Analysis of variance revealed significant variation in nitrate content (1%) 

between the varieties during summer (F value = 8.699) and rainy (F value = 20.018) 

seasons. The variation in nitrate content between summer and rainy season (F value 

= 0.02) was found to be insignificant.
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4.3 Acceptability of the leafy vegetables

The acceptability studies of the leafy vegetables during summer and rainy 

season were assessed by score card method. Each character was scored using a five 

point hedonic scale by a panel of ten judges for five quality attributes namely, 

appearance, colour, flavour, texture and taste. The scores obtained for the 

acceptability test were compared with the score for Amaranthus tricolor which was 

selected as the control variety. The five quality attributes were described as a five 

point scale and the total score was obtained out of twenty five. The mean scores 

obtained for different leafy vegetables during summer and rainy season are 

furnished in Tables 15 and 16 respectively.

From Table 15, it can be seen that the mean scores for appearance was 

highest in arakeera (4.15) and lowest in aksharakeera (3.25) among the eight leafy 

vegetables selected for the study. The control variety obtained a highest score (4.55) 

than all the other leafy vegetables for appearance during summer season.

For the second quality attribute namely colour, the mean scores ranged 

from 3.2 to 4 during summer season. The lowest score was assigned to water leaf 

and the highest for aksharakeera. However, the control variety, Amaranthus tricolor 

had the highest score (4.5), when the quality colour was examined.

The scores for flavour, varied from 2.8 (centella) to 4 (arakeera). The 

control variety had a mean score of 3 .95, during summer season which was found to 

be the highest.

In texture, the scores varied from 2.55 to 4 05, with horsepurslane and 

arakeera having the highest and lowest scores respectively, during summer season. 

The control variety had a mean score of 3.9.
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The mean scores for taste during summer season were found to be 

highest for kangkong (3.95) and lowest for horsepurslane (3.05). Amaranthus 

tricolor had the highest score of 4.25 for the quality attribute taste, during summer 

season.

When the total scores for all the quality attributes were considered, the 

scores ranged from 16.30 to 18.90, with water leaf and arakeera having the lowest 

and highest scores respectively, during summer season. The control variety was 

found to be the best in acceptability with an highest score of 21.15.

Statistical analysis of the data revealed that significant difference at one 

per cent level (probability 0.0002) existed in the acceptability of the leafy vegetables 

selected for the study during summer season.

As can be seen from Table 16, during rainy season the mean scores for 

appearance varied from 3 (horse purslane) to 3.65 (basella). The control variety 

obtained the highest mean score (4.75) during rainy season.

In colour, the centella was found to have the highest score (3.15) while 

arakeera had the lowest score (2.8). The control variety had the highest mean score 

(4 3) for colour during rainy season.

The mean scores for flavour varied from 2.8 for horsepurslane to 3.45 for 

bengal keera. The control variety had the highest score of 4.2 for the third attribute 

namely flavour during rainy season.

The mean scores for texture ranged in between 2.25 and 3 85 during 

rainy season The highest score was for bengalkeera and the lowest for 

horsepurslane Amaranthus tricolor, had a mean score of 3.8, during rainy season.

The score for taste varied from 2.65 for kangkong to 3.85 for 

aksharakeera and the control variety.
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Taking the total scores for the different quality attributes of leafy 

vegetables selected for the study, it was found that the scores varied from 14.25 

(bengal keera) to 17.85 during rainy season, the highest total score was obtained for 

bengal keera and the lowest for horsepurslane. The control variety had the highest 

total score of 20.9 than all the other leafy vegetables selected for the study during 

rainy season.

When the data was analysed statistically, it was found that there is 

significant difference at one per cent level (probability 0.002) in the overall 

acceptability of the leafy vegetables selected for the study during rainy season.

Table 15. Organoleptic evaluation of leafy vegetables during summer season
SI.No. Variety Mean score

Appearance Colour Flavour Texture Taste Total
1 Aksharakeera 3.25 4.00 3.55 3.30 3.15 18.55
2 Arakeera 4.15 3.70 4.00 4.05 3.60 18.90
3 Basella 3.85 3.70 3.25 3.95 3.55 18.30
4 Bengal keera 3.60 3.95 3.70 3.90 3.50 18.55
5 Centella 3.60 3.85 2.80 2.55 3.85 16.65
6 Horse purslane 3.60 3.35 3.35 3.25 3.05 16.65
7 Kang kong 3.60 3.35 3.40 3.65 3.95 17.95
8 Water leaf 3.40 3.20 3.10 3.30 3.25 16.30
Control Amaranthus

tricolor
4.55 4.50 3.95 3.90 4.25 21.15

Table 16 Organoleptic evaluation of leafy vegetables during rainy season
SI.No. Variety Mean score

Appearance Colour Flavour Texture Taste Total
1 Aksharakeera 3.25 3.10 3.15 3.60 3.85 16.20
2 Arakeera 3.45 2.80 2.90 3.20 3.10 15.65
3 Basella 3.65 3.45 3.20 3.40 3.75 17.50
4 Bengal keera 3.50 3.55 3.45 3.85 3.65 17.85
5 Centella 3.55 3.95 3.35 2.50 3.60 16.95
6 Horse purslane 3.00 3.20 2.80 2.25 2.90 14.25
7 Kang kong 3.55 3.65 3.20 3.65 2.64 16.80
8 Water leaf 3.60 3.75 3.40 2.50 3.15 16.60
Control Amaranthus

tricolor
4.75 4.30 4.20 3.80 3.85 20.90
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Cluster analysis of the leafy vegetables

On the basis of cluster analysis arakeera, centella, horse purselane and 

kangkong were grouped along with the control variety in the first cluster. Basella 

and waterleaf were placed in cluster 11, while aksharakeera and Bengal keera were 

placed in cluster 111

The cluster means of cluster 1 for protein, soluble carbohydrates, 

phosphorus, beta-carotcnc and nitrates were 3.32 g 100 g'1, l .51 g 100 g'1, 10.50 g 

100 g'1 and 14M2.12 pg 100g '1 respectively

In duster II, the cluster means for moisture and vitamin C contents were 

02.73 percent and 107 5 mg 100 g '1 respectively.

The cluster means of cluster 111 for fat, fibre, starch, calcium, iron and 

oxalate were 0 46 per cent, 2.70 per cent, 1.63 per cent, 116.48 per cent 22.36 per 

cent and 0 04 per cent respectively.

Considering the inter cluster distance, it can be seen that the members of 

cluster 1 and cluster 111 differ very much. This may be due to the higher oxalate 

content of aksharakeera and bengal keera.

When the intra cluster distance was considered, more variation was 

observed among the members of cluster I. This may be due to the more number of 

leafy vegetables included in this duster. Members of cluster 11 viz basella and 

water leaf exhibited the least intra cluster distance, showing similarity m chemical 

composition.
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5. DISCUSSION

The study on “Quality attributes of selected leafy vegetables" was 

attempted to assess the nutritional composition, antinutritional factors and the 

acceptability of eight varieties of leafy vegetables. The commonly consumed leafy 

vegetables viz., Amaranth (Amaranthm tricolor) was taken as the control variety 

to compare the various quality attributes of the eight unconventionally used leafy 

vegetables.

The leafy vegetables were analysed for different nutrients like moisture, 

protein, fat, fibre, starch, soluble carbohydrates, calcium, iron, phosphorus, beta 

carotene and vitamin C. The anti-nutritional factors like oxalates and nitrates 

present in these leafy vegetables were also analysed. The acceptability of the leafy 

vegetables was assessed through organoleptic evaluation, using score card, based 

on a five point hedonic scale, for different parameters like appearance, colour, 

flavour, texture and taste All the above attributes were assessed during summer 

and rainy seasons. The results of the study are discussed under the following 

headings.

1. Nutritional composition of leafy vegetables

2. Anti-nutntional factors in leafy vegetables

3. Acceptability of leafy vegetables

5.1 Nutritional composition of leafy vegetables

The mean moisture content of eight leafy vegetables ranged from 78.98 

to 92.78 per cent. The control variety had a moisture content of 86.66 per cent. The 

moisture content of selected leafy vegetables including the control variety was 

found to be in accordance with the values reported by Kaur and Manjrekar (1975), 

Sreeramulu (1982) Wills el at. (1984a), Wills et at. (1984b), Islam el at. (1987), 

Jijiamma (1989), Prakash et at (1993), Akpanyung et at. (1995), Shingade et at. 

(1995), Shankaracharya (1998), Varalakshmi (1998), Nambiar and Seshadn (1998)



and Longvah (2000) for different leafy vegetables. However, Philip el al. (1981) 

and Neeliyara (1998) observed lower moisture content in curry leaves (66.3%) and 

winged bean leaves (59.8%) respectively.

The mean moisture content of all the leaves was found to be 

significantly different from each other except horse purslane and kangkong, as well 

as water leaf and basella in which the moisture content was found to be almost 

similar. The moisture content of Amaranthas tricolor, was also found to be 

significantly different from all the other leafy vegetables selected for the study 

The mean moisture content of selected leaves was found to be higher than the 

moisture content of leafy vegetables commonly used by Keralites like amaranth 

(87.0%), chekkurmanis (73.6%), drumstick leaves (75.9%), curry leaves (63.8%) 

etc. as reported by Gopalan el al. (1989).

When the leaves were analysed during two seasons, it was found that 

most of the leafy vegetables differed significantly in moisture content during rainy 

as well as summer seasons, but the variation between two seasons was found to be 

insignificant. During summer season, the moisture content of arakeera and centella 

as well as basella and waterleaf was found to be almost similar. The moisture 

content of arakeera was found to be similar in summer and rainy seasons. The 

moisture content of amaranth was found to be 86.43 and 86.89 per cent during 

summer and rainy seasons respectively. These values were found to be 

significantly different from all the other leafy vegetables during summer and from 

aksharakeera, basella, bengalkeera and water leaf during rainy season.

Among the different leafy vegetables studied, the control variety was 

found to be the best with respect to its mean protein content (3.19%) which was 

found to be significantly different from all the other leafy vegetables selected for 

the study. The mean protein content of the leaves varied from 1.20 per cent in 

basella leaves to 3.13 per cent in kangkong on FWB. This was found to be almost 

similar to the protein content of chekkurmanis, amaranth, spinach, drumstick
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leaves, curry leaves and A triplex triangularis leaves as reported by various authors 

like Peter (1979), Menon (1980), Ramachandran et al. (1980), Philip et al. (1981),

- Islam (1987),.Gopalan et al (1989). Prakash et al. (1993), Shmgade et al. (1995), 

Raja et al. (1997) and Shankaracharya (1998). However, the protein content of the 

leaves was found to be lower than the values reported by NAS (1975), Kantha et 

at (1978) and Neehyara (1998) who reported a protein content of 5.7 to 15 per 

cent, 4 5 to 11.8 per cent and 3 to 4 per cent in various genotypes of winged bean 

leaves on DWB. Bressam et al. (1988) reported the protein content of amaranth as

4.4 per cent which was found to be higher than the protein content of Amaranthus 

tricolor, the control variety selected for the present study (3.19%).

Regarding the mean protein content in different leaves, no significant 

variation was observed between aksharakeera and kangkong and also between 

basella and waterleaf. All the other leafy vegetables differed significantly in 

protein content During summer season, the protein content of Arakeera and 

centella as well as basella and waterleaf was found to be similar. During rainy 

season, kangkong leaves could be grouped along with the control variety having 

the highest protein content. Next came aksharakeera, arakeera, bengalkeera and 

centella whereas the third group consisted of basella, horsepurslane and waterleaf

The leafy vegetables differed between themselves in protein content 

during both seasons while the variation in protein content was found to be 

insignificant between the seasons. This finding is in accordance with the results of 

Jijiamma(1989)in which the author observed that seasonal variation had no effect 

on the protein content of red and green Amaranthus. Protein content of amaranth 

was 3.03 per cent and 3.34 per cent during summer and rainy seasons respectively. 

In summer, all the leafy vegetables differed significantly from the control variety 

with aksharakeera and bengalkeera having higher protein content than the control 

variety. During rainy season the protein content of kangkong and amaranth was 

observed to be almost similar with the highest protein content and all the other
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Kaur and Manjrekar (1975), Ramachandran et al. (1980), Philip et al. (1981), 

Gopalan (1982), Bressani et al. (1988), Gaopalan el al. (1989), N1N (1995a), 

Shingade et al. (1995) and Shankaracharya (1998) for various leafy vegetables like 

mustard greens, spinach, mint, coriander leaves, chekkurmanis leaves, curry 

leaves, amaranth, gogu, bacchali and tender tamarind leaves in which the fibre 

content varied from 0.7 to 6.4 per cent. Similar values were reported by Wills et al. 

(1984a), Wills et al. (1984b) and Aletor and Adeogun (1995) for the leafy 

vegetables m Australia,China and Nigeria respectively. However, Guerrero and 

Isasa (1997) observed a slightly higher fibre content (4 to 6%) for chenopodium 

leaves.

The fibre content of kangkong (Ipomoea acquatica) in the present study 

(1.49%) was found to be similar to the fibre content of Ipomoea acquatica leaves 

as reported by Shingade et al (1995). However, the fibre content of kangkong and 

Amaranthus tricolor was lower than the values (3 and 4.6%) reported by Wills 

et al. (1984b) for the fibre content of kangkong leaves and amaranth leaves 

cultivated in Australia. This may be due to the variation in the time of harvest of 

the leaves or in the selection of edible portion of the leaves.

When the fibre content of the leafy vegetables during summer was 

considered, centella got the highest value of 5.94 per cent. Arakeera was 

significantly similar to the control variety. Bengalkeera and horsepurslane as well 

as kangkong and waterleaf were significantly similar in fibre content. All other 

leafy vegetables exhibited significant difference between themselves.

During rainy season, the highest fibre content was observed for 

bengalkeera (2.96%). Horse purslane had similar fibre content as that of the control 

variety Arakeera, basella and water leaf were also found to be similar with the 

lowest fibre content among the different leaves. No significant variation was seen 

in fibre content between summer and rainy seasons which was in accordance with 

the results obtained by Jijiamma(1989) in red and green Amaranthus.
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The mean starch content of the leafy vegetables was in between 0.07 per - 

cent and 1.70 per cent with bengalkeera having the highest content and waterleaf 

having the lowest. The control variety Amaranlhus tricolor, contained only 0.17 

per cent of starch. This finding is in line with the finding of Wills et al. (1984b) for 

Amaranlhus tricolor, in which the authors observed a starch content of 0.2 per 

cent. However, John et al. (1987) observed a higher starch content of 0.73 per cent 

in Amaranlhus tricolor. Contradictory to the present findings of 0.64 per cent 

starch in kangkong, Wills et al. (1984a) reported the absence of starch in kangkong 

leaves grown in China.

Starch content during summer season was highest in bengalkeera and 

lowest in centella. Aksharakeera and arakeera got similar values for starch content. 

Basella and horse purslane were significantly similar to the control variety. 

Variation between kangkong and waterleaf was also found to be insignificant with 

respect to starch content.

The highest starch content during rainy season was observed in 

bengalkeera which was significantly similar to aksharakeera. The control variety 

was significantly similar to arakeera, basella, centella, kangkong and waterleaf.

Significant variation was observed m the starch content of the leaf 

varieties, between the two seasons with most of the leafy vegetables having higher 

starch content during rainy season. Exceptions were arakeera, waterleaf and the 

control variety, with only slight increase during summer season.

The mean soluble carbohydrate content of the selected leafy vegetables 

varied from 0.63 to 2.12 per cent with the control variety having a value of 1.32 

per cent on fresh weight basis. This was higher than the total sugar contents in ten 

Indian green leafy vegetables including several varieties of amaranth and 

drumstick leaves reported by Rao et al. (1979) which varied from 2.78 g 100 g'1 to 

4.78 g 100 g'1 on dry weight basis. It can be seen that the soluble carbohydrate
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content of the leafy vegetables was in general higher than the starch content of the 

leafy vegetables. This is supported by the observations of Rao et aI (1979) who 

reported higher content of sugar compared to starch, in the leafy vegetables 

studied. The highest soluble carbohydrate content was observed in centella and the 

lowest m basella. All the leafy vegetables except arakeera, horse purslane and 

waterleaf differed significantly among themselves in mean soluble carbohydrate 

content

In summer, the highest soluble carbohydrate content was observed in - 

bengalkeera, which was similar to the content present in kangkong. Arakeera, 

horse purslane and waterleaf were also statistically similar in soluble carbohydrate 

content. All other leafy vegetables including the control variety showed significant 

variation among themselves.

Soluble carbohydrate content during rainy season was highest in 

centella and the lowest in aksharakeera which was significantly similar to basella. 

Arakeera and bengalkeera were significantly similar to the control variety, 

amaranth. Horse purslane and kangkong also showed significant similarity in 

soluble carbohydrate content during rainy season.

Between the two seasons, no significant variation was seen in the 

soluble carbohydrate content of the leafy vegetables.

The mean calcium content of the leafy vegetables varied from 13.42 mg 

100 g '1 to 135.20 mg 100 g‘‘on fresh weight basis. The highest and lowest values 

were for bengalkeera and basella. These observations were found to be almost 
similar to the reported values of 70 to 280 mg g'100 in several green leafy 

vegetables by Smith (1982) and in mustard, cabbage, amaranth and garland 

chrysanthemum grown in China by Wills el al. (1984b). In contrast to the findings 

of the present study, Swammathan (1974), Rao et al. (1979), Gopalan (1982) and 

Menon (1990) observed 440 mg of calcium in 100 g of drumstick leaves. The
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calcium content of Amaranthus tricolor was found to be lower than the values 

reported by Swammathan (1974) and Gopalan et al. (1989) (397 mg 100 g'1) in 

amaranth and by Reddy (1999) in various green leafy vegetables and Aletor and 

Adeogun (1995) in Nigerian leafy vegetables.

The calcium content of various green leafy vegetables like amaranth, 

basella, waterleaf and winged bean leaves when expressed on dry weight basis 

varied from 24 mg 100 g'1 to 5410 mg 100 g"‘ [Ifon and Bassir (1979), Faboya 

(1983), Lucas (1988) and Neeliyara (1998)] The calcium content of the green 

leafy vegetables in the present study was found to be in accordance with these 

values.

Significant variation in calcium content was also observed between 

summer and rainy seasons with highest calcium during rainy season. This was 

found to be contradictory to the findings of Jijiamma (1989) in which the author 

observed significantly high calcium content during summer season in Amaranthus.

The variation observed in various green leafy vegetables with respect to 

calcium content may be due to the variation in the locality or due to varietal 

difference.

With respect to mean phosphorus content, kangkong got the highest 

value of 13.84 mg 100 g° and basella got the least value of 6.48 mg 100 g'V The 

control variety came nearest to kangkong with a mean content of 12.59 mg 100 g'1.

The phosphorus content of the leafy vegetables analysed in the present 

study is in accordance with the phosphorus content of drumstick leaves reported by 

Swaminathan (1974), Rao et al. (1979), Menon (1980) and Gopalan (1982). 

However, the values obtained in the present study are lower than the phosphorus 

content in Amaranthus gangeticus leaves as reported by Rajagopal et al. (1977), 

Mohideen et al. (1985) and Gopalan et al. (1989) and the phosphorus content of 

amaranth, lalo, Acacia concinna, trianthema, chenopodium, amaranth and tender
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tamarind leaves as reported by Faboya (3983), Awasthi and Abidi (1985), Bawa 

and Yadav (1986), Lucas (1988), Chandrasekhar et a i  (1990) and Shankaracharya

(1998)

However, the present results were higher than the values of 0.21 to 0.71 

mg 100 g'1 phosphorus on dry weight basis as reported by Ifon and Bassir (1979).

During summer season, the highest phosphorus content was observed in 

arakeera and lowest in water leaf.

In rainy season, the highest phosphorus content was for kangkong and 

the lowest for horsepurslane and waterleaf

Significant variation was seen in the phosphorus content of the leafy 

vegetables during the two seasons. An increase in phosphorus content for all leafy 

vegetables was observed during rainy season which was found to be contradictory 

to the findings of Jijiamma (1989).

The control variety, Amaranthus tricolor was the second best with 

respect to iron content kangkong leaves came out as the best with an iron content 

of 34.75 mg 100 g° and basella had the lowest iron content (5.16 mg 100 g4).

The iron content of the leafy vegetables observed in the present study 

was in accordance with the iron content of different leafy vegetables like 

drumstick, chekkurmanis, Beta vulgaris, coriander, Mentha spicata, tnanthema, 

chenopodium, Amaranthus spinosus, colocasia, fenugreek amaranth analysed in 

different parts of the country in which the values varied from 2 to 32.5 mg 100 g4 

[Swaminathan (1974), Choudhary and Rajendran (1980), Ramachandran et a i 

(1980), Reddy and Kuikami (1986), Chawla et al. (1988), Chandrasekhar et a i 

(1990) and Shankaracharya (1998). The iron content of the control was also found 

to be almost similar to the values reported by Swaminathan (1974) and Menon
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(1980). The iron content of arakeera was found to be much less than the iron 

content of arakeera reported by Gopalan (!989)(38.5 mg 100 g'1).

All the leafy vegetables except bengalkeera and centella as well as 

basella and waterleaf differed significantly in the mean iron content.

Kangkong leaves showed the highest iron content during summer 

season also, whereas the lowest iron content was observed in waterleaf. 

Aksharakeera and bengalkeera, arakeera and centella as well as basella and 

waterleaf showed almost similar iron content during summer season.

During rainy season, the control variety amaranth exhibited the highest 

iron content of 46.6 per cent. Aksharakeera, bengalkeera and centella as well as 

arakeera and waterleaf showed statistically similar values during rainy season.

Significant variation was seen in the iron content of leafy vegetables 

during the two seasons which was found to be contradictory to the findings of 

Jijiamma (1989) in Amaranthus leaves in which the author observed that season 

does not influence the iron content of Amaranthus leaves. There was a remarkable 

increase in the iron content of all the leafy vegetables except kangkong during 

rainy season.

The higher calcium, phosphorus and iron content during rainy season in 

the selected leafy vegetables may be due to increased availability as welTas uptake 

of minerals by the plants during rainy season.

Regarding beta-carotene content, the best leafy vegetable in the present 

study was identified as kangkong, with a mean conent of 22147.13 pg 100 g'1 and 

centella had the least value of 4007.42 pg 100 g"1. The control variety came nearest 

to kangkong with a mean content of 12000.66 pg 100 g '1.



The resuits were atmost similar to the beta carotene content of different 

leafy vegetables such as amaranth, Amaranthns spinosus, drumstick, coriander, 

curry leaves, Mentha spicata, Beta vulgaris, mustard greens, spinach, agathi, 

Rumex acelosa, tender tamarind leaves and fenugreek leaves and reported by 

various authors like Swammathan(1974), Kaur and Manjrekar (1975), Renquist el 

al. (1978), Rao et al. (1979), Choudhary and Rajendran (1980), Jayarajan et al. 

(1980), Menon (1980), Nambiar and Seshadri (1998), Shankarcharya (1998) and 

Reddy (1999). The findings were also in accordance with the values reported by 

Wills et al. (1984a) for Chinese leafy vegetables, Cnewya (1985) for Kenyan leafy 

vegetables, Rahman et al. (1990) for fourteen green leafy vegetables commonly 

consumed by the people of Bangladesh and Nordeide et al (1996) for Amaranthus 

viridis a cultivated leafy vegetable in Southern Mali.

The mean beta carotene content of the control variety Amaranthus 

tricolor obtained in the present study was more than twice the values reported by 

Gopalan et al. (1989) (5520 jig 100 g'1). This may be due to the varietal difference.

During summer season also the highest beta carotene content was 

observed in kangkong and the lowest in basella. No significant variation was 

observed between the leafy vegetables in beta-carotene content

In rainy season, the highest beta-carotene content was observed in 

basella and the lowest in centella. Aksharakeera, arakeera, kangkong and waterleaf 

were grouped along with the control during rainy season. All the other leafy 

vegetables differed significantly during rainy season.

Variation in beta-carotene of the leafy vegetables between the two 

seasons was found to be insignificant. On the contrary (NIN, 1991) reported 

variation in beta-carotene content for certain leaves during summer, rainy and
winter seasons



The mean vitamin C contents in the different leafy vegetables ranged 

from 51.77 mg 100 g '1 in bengalkeera to 127.27 mg 100 g'1 in centella. The control 

variety came as second best leafy vegetable with respect to the mean vitamin C 

content. The vitamin C content of the various leafy vegetables observed in the 

present study was lower than the values reported by Peter (1979), Menon (1980), 

Nautiyal and Raman (1987), Gopalan et al. (1989) and Shingade et al. (1995) for 

drumstick leaves in which the vitamin C content varied from 220 to 229.9 mg 

100 g'1 However, the vitamin C. content of most of the leafy vegetables was found 

to be similar to the values reported by Chandrasekhar el al. (1990) for tribal greens 

in which the content varied from 99 to 175.2 mg 100 g '\  Placida and Meena 

(1991), Yadav and Sehgal (1997) and Reddy (1999) also reported high vitamin C 

content of 280 mg 100 g'' in sauropus leaves, 220.97 to 377.65 mg 100 g'! in 

bathua and fenugreek leaves and 120 to 220 mg 100 g'1 in amaranth, agathi, 

mustard, drumstick and broccoli leaves.

The vitamin C content of the control variety was found to be slightly 

higher than that was reported by Devadas et al. (1973), Gopalan et al. (1989) and 

Mosha et al (1995) in which the values varied from 89 to 99 mg 100 g‘\  The 

ascorbic acid content obtained (76.34 mg 100 g'1) was also found to be higher than 

the values reported by Shingade et al. (1995) (48:8 mg 100 g‘!) -m kangkong 

leaves.

Several authors like Cadwell (1972), Keshinro and Ketiku (1979), 

Sreeramulu et al. (1983a), Wills et al. (1984b), Mathooka and Imungi (1994) and 

Achinewhu el al. (1995) from various parts of the world also reported almost 

similar vitamin C contents in different leafy vegetables, analysed in the present 
study.

Contradictory to the present findings, Neeliyara (1998) observed a very 

low vitamin C content of 12 16 mg 100 g ’ in five winged bean genotypes grown in 
Kerala.
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During summer, highest vitamin C content was observed in centella and 

lowest in bengalkeera. 'Hie control variety was found to be statistically similar to 

arakeera during summer. Basella, horsepurslane and waterleaf were also found to 

have similar vitamin C content during summer.

Highest vitamin C content during rainy season was observed in basella, 

which was statistically similar to the control variety. Centella and waterleaf were 

found to have similar amount of vitamin C during rainy season. Aksharakeera, 

bengalkeera, horsepurslane and kangkong were also found to be statistically 

similar with respect to vitamin C content during rainy season.

Significant variation was observed in the vitamin C content of the leafy 

vegetables during summer and rainy seasons. There was an increase in the vitamin 

C content of most of the leafy vegetables during rainy season. This is in 

accordance with the finding of Jijiamma and Prema (1993) who observed higher 

ascorbic acid contents in Amaranth varieties during rainy season. This may be due 

to increased uptake of nutrients during rainy season by the plants.

5.2 Anti-nutritional factors in leafy vegetables

The mean oxalate content of the leafy vegetables in the present study . 

varied from 0.23 g 100 g'1 to 1.08 g 100 g"1. This finding was found to be in 

accordance with the mean oxalate content of different Amaranthus species as 

reported by Devadas et al. (1989), Prakash and Pal (1991), Prakash et a l  (1993), 

Thamburaj el al. (1994) and Shingade et al. (1995), in which the values varied 

from 0.3 to 1.92 per cent. The control variety, Amaranthus tricolor, had an 

intermediate oxalate content of 0.56 g 100 g'1, which was found to be slightly 

lower than the value of 0.75 per cent reported by Marderosian et al. (1979).

The average total oxalate content of basella and kangkong as reported 

by Schmidt et al. (1971) (2.81 and 1.5%) was slightly higher than the findings of 

the present study (0.23 and 0.47%).



The differences may be due to variation in soil fertility as stated by 

Schmidt et at. (1971) and Singh et at. ( 1973).

Highest oxalate content in summer and rainy season was observed in 

bengalkeera and the lowest in basella Basella was statistically similar to waterleaf 

during summer and rainy seasons, in oxalate content. Horse purslane and 

kangkong as well as centella and amaranth were similar in oxalate content during 

summer. During rainy season, all leafy vegetables except basella and waterleaf 

differed significantly among themselves in oxalate content.

The variation in oxalate content between summer and rainy seasons was 

found to be insignificant.

The highest mean nitrate content was observed in the control variety 

(0.68%) and the lowest in basella (0.11%). The nitrate content of the selected leafy 

vegetables ranged between 0.11 and 0.43 per cent.

The nitrate content of amaranth in the present study was found to be m 

accordance with the value of 0.67 per cent obtained by Schmidt et al. (1971) for 

Amaranthus cruentus and by Prakash et al. (1993) for Amaranthus 

hypochondriacus (0.31 to 0.92%). However, Ebeling et al. (1995) observed a 

slightly higher nitrate content in the wild species of amaranthus.

The differences in nitrate content may be due to variation in soil fertility 

and in shading intensity as obseved by Kurien et al. (1976), Singh et al. (1985), 

Zandstra (1989) and Wu and Wang (1995).

Regarding the mean nitrate content, all the leafy vegetables except the 

control variety and bengalkeera was found to be having almost similar values.

Nitrate content during summer season was highest in the control variety 

along with kangkong. Aksharakeera and waterleaf, arakeera and centella as well as 

basella and horse purslane were similar in nitrate content during summer.
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The control variety had the highest nitrate content during rainy season 

also. Arakeera, basella and centella were similar during rainy season with low 

nitrate value. All the other leafy vegetables were significantly different during 

rainy season. The nitrate content of all other leafy vegetables had statistically 

■ significant variation.

There was no significant variation in the nitrate content of the leafy 

vegetables, between summer and rainy seasons

5.3 Organoleptic evaluation of leafy vegetables

The acceptability of the eight selected leafy vegetables and the control 

variety was determined using score card method. Attributes such as appearance, 

colour, flavour, texture and taste were the various criteria evaluated for this 

purpose.

Wide variation was seen in the acceptability of various leafy vegetables, 

but the control variety obtained the highest total score during both summer and 

rainy seasons. Among the selected leafy vegetables, the highest score was for 

arakeera during summer and bengalkeera during rainy season. The least acceptable 

leafy vegetables were waterleaf during summer and horse purslane during rainy 

seasons.

During both seasons, the attribute appearance had got the highest score. 

Next came colour, followed by flavour during rainy season and taste during 

summer. The least scores were for texture followed by taste during rainy season 

and for texture followed by flavour during summer.

This agrees with the observation of Neeliyara (1998) who got the least 

score for texture, when acceptability tests were conducted for the leaves of winged 

bean genotypes.
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The overall acceptability of the different leafy vegetables during 

summer and rainy seasons suggested that the leafy vegetables are more acceptable 

during summei Jijiamma and Premia (1093) also observed better acceptability for 

red and giccn Amaranthus during summer and rainy seasons.

The lower scores obtained for the selected leafy vegetables compared to 

the control variety may be due to the unfamiharity of these less commonly used 

leafy vegetables.

Cluster analysis of the leafy vegetables

Iherarchial Euclidean Cluster Analysis was carried out to find out 

homogeneous roups of the leafy vegetables based on the nutrient and antinutrient 

composition of the selected leaves. Based on the analysis the leafy vegetables were 

grouped into three clusters as shown below

Figure 14. (.'luster analysis of leafy vegetables

Cluster i Arakcera, oenteila, horsepurslane, kangkong and amaranth
Cluster II Basclla and waterleaf

Cluster 1)1 Aksharakeera and bengalkeera
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The average ultra and inter cluster distance matrix is shown m Table 17 

and represented m Figure 14.

Table I 7. Average ultra and inter cluster distance matrix

Cluster No 1 11 III

I 2 736

11 3 955 0 940

III 4.042 6.767 2 111
Note:- Values along the principal diagonal indicate the average distance of cluster members 
from cluster centroids

I

The members of cluster 1 were high in protein, soluble carbohydrates, 

phosphorus, beta-carotene and nitrate content. The mean value of protein for the 

first cluster was 3 32 g 100 g '1. Within the cluster, the protein content of the cluster 

members varied from 2.07 to 3 I9 g 100 g‘V Cluster mean for soluble carbobydiate 

content in cluster I was I 506 g 100 g '1 which varied from 1.15 to 2.12 g 100 g'1 

among the cluster members. Phosphorus content of cluster 1 was in between 7.18 

mg and 13.84 mg 100 g'1 with a cluster mean of 10.592 mg 100 g"1 For beta- 

carotene. the highest value in the cluster was 22147.13 pg 100 g '1 and the lowest 

was 4007 42 pg 100 g'!. The cluster mean for beta-carotene content was. 14112.12 

pg 100 g'1 The mean nitrate content for cluster 1 was 0.374 g 100 g'1 The highest 

and lowest values foi nitrate content within the cluster was 0.68 and 0.24 g 100 g 1

The members of cluster II had high moisture and vitamin C contents, 

with cluster means of 92.725 per cent and 107.5 mg lOOg'1 respectively. Moisture 

content of' the cluster members varied from 92.78 to 92.67 per cent whereas the 

vitamin C content varied from 112.91 to 102.09 per cent

Aksharakkera and bengal keera, the members of cluster III were high m 

fat, libre. starch, calcium, iron and oxalate contents The cluster means for these 

nutrients were 0.46 percent, 2.70 per cent, ! .63 pet cent, 116.48 per cent, 22.36 per
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eeni and O.'U per cent respectively The fat content of the cluster members was m 

between 0 27 and 0 (A g per cent, fibre 2 35 and 2 04 g per cent, starch I 5o and 

! 7 g pet cent, calcium 07 75 and 135.2 mg per cent, iron 21 36 and 23.36 mg per 

cent and oxalates 0 70 and I 08 g per cent.

The first cluster which included the control, Amaranihus tricolor was

highest m four nutucnls

Five leafy vegetables namely arakeera, centella, horse purslane and 

kangkong including the control variety Amaranihus tricolour may be considered as 

the best group with highest protein, soluble carbohydrates, phosphorus, beta- 

carotene and low oxaiatc content



SUMMARY



6. SUMMARY

The study on “Quality attributes of selected leafy vegetables” was made 

to evaluate the nutrient and anti-nutnent composition as well as the acceptability of 

eight selected leafy vegetables along with the control variety amaranth, maintained 

in the Department of Olericulture, College of Horticulture, Kerala Agricultural 

University, Vellamkkara, Tnchur. The eight leafy vegetables selected were 

aksharakeera, arakeera, basella, bengalkeera, centella, horsepurslane, kangkong 

and waterleaf.

The nutrient constituents such as moisture, protem, fat, fibre, starch, 

soluble carbohydrates, calcium, iron, phosphorus, beta carotene and vitamin C and 

the anti-nutnent constituents like oxalates and nitrates were estimated in the eight 

selected leafy vegetables along with the control during summer and rainy seasons. 

The acceptability of the selected leafy vegetables and control variety was also 

evaluated after cooking.

The study revealed that the mean moisture content of the selected leafy 

vegetables varied from 78.98 per cent to 92.78 per cent. The control variety had a 

moisture content of 86.66 per cent. The mean protein content of the leafy 

vegetables was in the range of 1.2 to 3.13 per cent on FWB and that of amaranth 

was 3 19 per cent The mean fat content varied from 0.18 to 0.65 per cent on FWB. 

The control variety had a mean fat content of 0.30 per cent. Amaranthus had a low 

fibre content (1.5%) and the mean fibre content of the other leafy vegetables varied 

from 0.92 to 4.08 per cent.

The mean starch content of the eight leafy vegetables varied from 0.07 

to 1.70 per cent with the control variety having a starch content of 0.17 per cent.

Soluble carbohydrate content of the leaf varieties was found to be higher 

than the starch content. It varied from 0.63 to 2.12 per cent in the selected leafy
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vegetables on FWB. The control variety had a soluble carbohydrate content of 1.32 

per cent.

Among the microelements, the calcium content varied from 13.42 to 

135.2 mg per cent on FWB in the eight selected leafy vegetables, with Amaranth 

having a calcium content of 109.33 mg per cent.

The mean iron content of leafy vegetables ranged between 5.16 and 

34.76 mg per cent on FWB. The control variety, had been found to have an non 

content of 26.74 mg per cent.

Beta carotene and vitamin C are two vitamins abundant in fresh leafy 

vegetables. The mean beta carotene content of the leaves ranged from 4007.42 pg 

per cent to 22147 pg per cent. The control variety had a mean beta carotene 

content of 12000.66 pg per cent on FWB. The mean vitamin C content of the leafy 

vegetables varied from 51.77 mg per cent to 127.27 mg per cent, with the control 

variety having a mean vitamin C content of 123.51 mg per cent.

Average nutritive value of the leafy vegetables varied from 16.32 to 

37.65 with Amaranthus ticolor having the highest and horse purslane with the 

lowest value.

Statistical analysis indicated significant variation between the leafy 

vegetables during summer and rainy seasons for all the different nutrients 

analysed

Considering the anti-nutritional factors in leafy vegetables, the oxalate 

content varied from 0.23 to 1.08 per cent in the selected leafy vegetables on FWB. 

The control variety had a mean oxalate content of 0.56 per cent The nitrate content 

of the leafy vegetables ranged between 0.11 per cent and 0.35 per cent on FWB, 

with Amaranth having a mean nitrate content of 0.68 per cent. The anti-nutritional 

factors in different green leafy vegetables when analysed during rainy and summer
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seasons indicated significant variation in the oxalate and nitrate content between 

the leafy vegetables during summer as well as rainy season. However, the variation 

in oxalate and nitrate contents was found to be insignificant between summer and 

rainy seasons

The acceptability of the selected leafy vegetables as well as the control 

was assured using a five point hedonic scale by ten judges. The attributes evaluated 

were appearance, colour, flavour, texture and taste. The total scores ranged from

16.3 to 18.9 for the selected leaves during summer and from 14.25 to 17.85 during 

rainy season. The control variety obtained total scores of 21.15 and 20.90 during 

summer and rainy seasons respectively. Significant variation existed between the 

leafy vegetables in acceptability. The leafy vegetables grown during summer was 

found to be more acceptable, organoleptically.
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APPENDIX-1

Organoleptic evaluation of leafy vegetables

No. Character Description Score 1 2 3 4 5
1 Appearance Excellent 5

Good 4
Fair 3
Poor 2
Very poor 1

II Colour Excellent 5
Good 4
Fair 3
Poor 2
Very poor

III Flavour Excellent 5
Good 4
Fair 3
Poor 2
Very poor 1

IV Texture Highly tender 5
Slightly tender 4
Neither tender nor 3
fibrous
Slightly fibrous 2
Fibrous

V Taste Excellent 5
Good 4
Fair 3
Poor 2
Very poor
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ABSTRACT

The study entitled ‘Quality attributes of selected leafy vegetables’ was 

undertaken to estimate the nutrient composition, anti-nutritional factors and 

organoleptic qualities of eight leafy vegetables, along with the control variety, 

Amaranthus tricolor L. available and maintained m the Department of 

Olericulture, College of Horticulture, Vellanikkara. All the above attributes were 

evaluated during summer and rainy seasons.

The leaves were analysed for moisture, protein, fat, fibre, starch, soluble 

carbohydrates, calcium, phosphorus, iron, beta-carotene and vitamin C. The results 

revealed that among the different constituents, the mean protein content of the 

control variety was found to be significantly higher than the other leafy vegetables. 

All the leafy vegetables were found to be rich in iron, beta-carotene and vitamin C. 

The mean fibre, soluble carbohydrate and vitamin C contents were highest in 

centella, whereas bengalkeera had the highest mean value for starch and calcium. 

The highest phosphorus, iron and beta-carotene contents were in kangkong leaves. 

Except the beta-carotene content during summer season, all the other constituents 

of the different leafy vegetables varied significantly during summer and rainy 

seasons. However, significant increase in the calcium, phosphorus, iron and 

vitamin C contents were observed during rainy season.

The average nutritive values computed on the basis of the nutrient content 

of the leafy vegetables, revealed that kangkong had the highest nutritive value 

among the leafy vegetables selected for the study. The average nutritive value of 

the leaves was also found to be higher during rainy season.

The anti-nutritional factors namely, oxalates and nitrates in the leaves were 

also analysed during summer and rainy seasons. The results revealed that bengal 

keera and Amaranthus tricolor L. had the highest oxalate and nitrate contents 

respectively than the other leafy vegetables. Variation m both the anti-nutritional



factors was also observed between the leafy vegetables during summer and rainy 

seasons. However, the variation was found to be insignificant between the two 

seasons.

Based on the nutrient composition and anti-nutritional factors, the leafy 

vegetables were grouped into three clusters, each cluster containing similar leafy 

vegetables. Cluster 1 contained arakeera, centella, horse purslane and kangkong 

along with the control variety amaranth. Basella and waterleaf constituted cluster 11 

and aksharakeera and bengalkeera constituted cluster III.

Results of the organoleptic evaluation indicated significant variation in 

acceptability between the leafy vegetables during summer and rainy seasons and 

the leafy vegetables were found to be more acceptable during summer season. 

Among the different leaves the control variety (Amaranthus tricolor L.) was found 

to be more acceptable.


