QUALITY ATTRIBUTES OF
SELECTED LEAFY VEGETABLES

By
MAYA MATHEW

THESIS
Submitted in partial fulfilment of the
requirement for the degree of

Master of Science in Home Beience

(FOOD SCIENCE & NUTRITION)
Faculty of Agriculture
Kerala Agricultural University

Bepartment of Home Bcience

COLLEGE OF HORTICULTURE

VELLANIKKARA, THRISSUR - 680656
KERALA, INDIA

2000



DECLARATION

[ hereby declare that this thesis entitled “Quality attributes of selected
leafy vegetables” is a bonafide record of research work done by me during the
course of research and that the thesis has not previously formed the basis for the
award to me of any degree, diploma, fellowship or other similar title, of any other

University or Society.

»
ok -

Vellanikkara (%’

2-5-2000 MAYA MATHEW



CERTIFICATE

Certified that this thesis, entitled “Quality attributes of selected leafy
vegetables™ is a record of research work done independently by Ms.Maya
Mathew, under my guidance and supervision and that it has not previously formed

the basis for the award of any degree, diploma, fellowship or associateship to her.

e
\;\'f}“/
r.V. INDIRA

Chairperson, Advisory Commuittee
Associate Professor & Head
Department of Home Science
Vellanikkara College of Horticulture
2-5-2000 Vellanikkara



CERTIFICATE

We, the undersigned members of the Advisory Commitiee of  Ms.Maya
Mathew, a candidate for the degree of Master of Science in Home Science
(Food Science and Nutrition), agree that the thesis entitled “Quality attributes
of selected leafy vegetables” may be submitted by Ms.Maya Mathew, in partial
fulfilment of the requirement for the degree.

W

Dr.V.Indira
(Chairperson, Advisory Committee)
Associate Professor & Head
Department of Home Science

College of Horticulture
Vellanikkara
Dr.Salikutty Joseph

Associate Péofessor Associate Professor
AICRPon M & AP Department of Olericulture
College of Horticulture College of Horticulture
Vellanikkara Vellanikkara

bt
Dr.V. Usha
Associate Professor
Department of Home Science
College of Horticulture EB{Q«QQ@
Vellanikkara -. EXTERNAL EXAMINER

C:D&,:D_ Ma L ATHI)



ACKNOWLEDGEMENT

Words are not always enough to express our feelings. Yet, there are
times when we have o rely upon them. S0, [et me pen a few words of gratitude,
because at this moment of accomplishment, | feel grateful to many, | recall how
often | have been distressed, dismayed and hands have reached to help and
voices called that kept me unafraid. It would be rather impossible to list out the
names of all those who have helped me in one way or another, but a few names
need special mention.

With a deep sense of gratitude, | express my heartfelt thanks and
mdebtedness to Dr.V.Indira, Associate Professor and Head of the Deparement of
Home Science, College of Horticuleure, Vellanikkara and Chairperson of my
advi.sory committee for her valuable guidance, constant encouragement, ever
willing help, lasting patience and che love and concem extended to me throughout
the course of study and research work. But for her, | would not have been able to
undertake this investigation successfully.

| am thankful to Dr.A.Adgustin, Associate Professor {Biochemiscry),
AICRP on M & AP and member of my advisory committee for providing me the
lab facilities, his constructive criticisms and valuable advice at the time when |
needed them most.

I am also thankful to Dr.5alikutty )oseph, Associate Professor,
Department of Olenculcure and member of my advisory commictee for the valuable
suggestions and the interest she showed in the progress of this study.

| also feel grateful to Dr.V.Usha, Associate Professor, Deparoment of
Home Science and member of my advisory committee for the help extended to me
for the preparation of the cthesis,

I am grateful co Dr.P.V. Prabhakaran, Associace Dean, College of

Horticulture for all the valuable suggestions in carrying out the statistical analysis.



| am thankful to Smt.Gracemma Kurian, Assistant Professor,
Department of Agricultural Statistics, Colfege of Horriculture, Vellanikkara and
Shri.S.Krishnan, Assistant Professor, Department of Agricultural Statistics for
their suggestions in carrying out the statistical evaluacion.

| am also thankful to Dr.R.Vikraman Nair, Former Head of the
Department of Agronomy for providing the lab facilities.

May | express my gratitude to Dr Al Jose, former Associate Dean of
the College of Horticulture, for all the help rendered by him for the smooth runming
of the study.

May | express my sincere gratitude to all the teaching and non-teaching
staff of my deparoment. | thankfully, remember, all the small and big helps
extended to me by my seniors and juniors as well.

Special thanks are due to my dearest friends, Raji, Suman, Mini, Maya,
T., Annie, Anju, Divya, Sulaja, Mole, P. and Rani for their warm company,
suppore and encouragemenc. | also thank my juniors, Saina, Vandana, Sabeena and
Shiji for their company.

With immense pleasure | thank all my friends, both inside and outside
the campus and especially Sme.Jijiamma for cheir help and encouragement.

The help rendered by Sme.joicy, T. Jobn to carry out the staustical
anafysis is sincerely acknowlfedged. | also express my sincere thanks to Mr.jay,
JM.). Computer Center, Thottappady for the neat typing of the manuscript.

The award of KAU Fellowship is duly acknowledged.

I also take this opportunity to express my graticude to my facther and
mother, Tom and Leena and Joe and Sneha for their keen interest in me, constant
prayers, encouragements and underscanding throughout the endeavour.

Above all, | thank God Almighty for blessing me with good teachers,

friends and family and enabling me to complete this work successfulfy.

Maya Mathew



Jo m 2y SPlarents



Chapter

CONTENTS

Title

INTRODUCTION

REVIEW OF LITERATURE

MATERIALS AND METHODS

RESULTS

DISCUSSION

SUMMARY

REFERENCES

APPENDIX

ABSTRACT

Page No.

40

49
80
106

fexviii



Table No.

10

11

12

13

14

{5

16

LIST OF TABLES

Title

Moisture content of different leafy vegetables
Protein content of different leafy vegetables

Fat content of different leafy vegetables

Fibre content of different leafy vegetables

Starch content of different leafy vegetables

Soluble carbohydrate content of different leafy vegetables
Calcium content of different leafy vegetables
Phosphorus content of different leafy vegetables
[ron content of different leafy vegetables

Beta carotene content of different leafy vegetables
Vitamin C content of different leafy vegetables
Average nutritive value of different leafy vegetables
Oxalate content of different leafy vegetables

Nitrate content of different leafy vegetables

Organoleptic evaluation of leafy vegetables during
summer season

Organoleptic evaluation of leafy vegetables during rainy
season

Average intra and inter cluster distance matrnix

Page No.

50
52
5%
587
60
- 63
65
69
70
73
75
78
80

82

86

104



LIST OF FIGURES

Fig. No. Title Page No.
i Mean moisture content of different leafy vegetables 54
2 Mean protein content of different leafy vegetables 54
3 Mean fat content of different leafy vegetables 59
4 Mean fibre content of different leafy vegetables 39
5 Mean starch content of different leafy vegetables 62
6 Mean soluble carbohydrate content of different leafy 62

vegetables
7 Mean calcium content of different leafy vegetables 68
8 Mean phosphorus content of different leafy vegetables 68
9 Mean iron content of different leafy vegetables 7
10 Mean beta-carotene content of different leafy vegetables 71
11 Mean vitamin C content of different leafy vegetables 77
12 Mean oxalate content of different leafy vegetables 77
13 Mean nitrate content of different leafy vegetables - 83

14 Cluster analysis of the leafy vegetables 103



INTRODUCTION




INTRODUCTION

Vegetables being nich in nuirients, occupy a prominent posmion among
foods and a distinct place in the balanced diet. Green leafy vegetables abound n
our country are known to be the most inexpensive source of several vital nutrients.
Leafy vegetables are apprectated 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 i 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, thetr wide range of
choices and essential cheapness. The seventy of micronutrient malnutrition wadely
prevalent in India can be easily reduced, if the consumption of green leafy
vegetables 1s 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 protechion agamnst many chronic diseases hke

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

Green leaty 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 (o linolenic acid) which has
hypocholesterolaemic and hypotriglyceridaemic effects in humans. The dry matter

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 in different parts of the country. The lack of



knowledge especially on the nutritive value of these leaty vegetables among the

public in general 1s a main draw back 1n their production and consumption.

No systematic study has so far been conducted in Kerala to evaluate the
important quality parameters hike nutrient composition, anti-nutritional factors and
acceptability of different leaty 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 antinutritional factors of different
leafy vegetables.

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

Litcrature relevant to the study entitled "Quality attributes of selected
leafy vegetables™ 1s 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 in the composition of leafy vegetables

5. Organoleptic evaluation of leaty 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 vanety of leaves like amaranth, drumstick, mint, curryleaf,
palak, fenugreek etc. are used as vegetables in India. Green leafy vegetables are 1n
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 e/ a/., 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, nboflavin, folic acid and vitamin C
(Emuru, 1971). Vyayaraghavan (1996) mdicated that green leafy vegetables like
spinach (palak), amaranth, creeper spinach (Basella alba), drumstick leaves, agathi
(Sesbania grandiflora) etc., which are affordable by the rural or urban poor are
ubiguitous 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 nutriture of individuals is to ensure



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 mexpensive sources of beta-carotene and
hence, the most convenient way of ensuring adequate vitamin A intake 1S to
include green leafy vegetables m the diet (Bressani et af., 1986, Gopalan, 1989;
NIN, 1993; Vyayaraghavan, 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 ¢f af , 1989; Reddy, 1999).

The carotenmd content of several dark green vegetables 1s 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 Amaranihus
species are excellent sources of won and beta-carotene and daily inclusion of
amaranth 1n the diet of children could help to alleviate iron and vitamin A
deficiencies. Beegum and Pereria (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 1s the best to improve the iron nutritional status of

adolescents (Devadas ef af ., 1992)

Chekkurmanis, 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 paluk (Ramachandran ¢7 af

1980).



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 1odine, drumstick
leaves also contamn tocopherols (vitamin E), estrogenic substances and some
important enzymes (Gopalan, 1982). These leaves are good sources of protective
nutriénts 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 underexpioited
vegetable are reported to be high in protein, calctum, iron, thiamin, riboflavin,
niacin and ascorbic acid,(National Academy of Sciences (NAS) 1975). According
to Imungi and Potter (1983) Cowpea leaves are tich in munerals like iron, caleium,

phosphorus and zinc.

Islam er 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 ¢ af., 1995).

Almazan and Begum (1996) analysed peanut greens to determine the
nutritional  quality and reported variation in the nutrient and anti-nutrient
concentrations of different vaneties of peanut greens grown under different

production methods.



Results of the study conducted by Kowsalya and Mohandas (1999)
indicated that caulifftower 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’Ivotre viz. Ceiba pentandra, (iewia
carpinifolia, Hibiscus congestiflorus and riplochiton 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 Tarnime Dustrict of
Tanzania revealed that the leaves of cultivated or wild species of Crotalaria
brevidens were eaten at least weekly by 69 per cent of the respondents and

provided better nutritional contribution in therr 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. Dried powder of green leafy
vegetables, a rich source of ron and beta-carotene was exploited in preparation of
snack products by Kushwaha er a/. (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 using amaranth
(Amaranthus gangeficus), curry leaves (Murraya koenigis), gogu (Hibiscus
' Léannabimrs) 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 1 fibre, ascorbic and, beta-carotene and copper while gogu and mint powders

were fair sources of all the nutrients.



In order to make green leafy vegetables available to Armed Forces
deployed at high altitudes, deserts and seas, wstant vegetable-dhal curry mixes
based on spinach (Spinacia oleraceae), fenugreek (Trigonelia foenum graecum),
drumstick leaves (Moringa oleifera), khatipalak (Rumex vesicarius) and shepu
(Peucedanum  graveoleus) were developed at the Defence Food Research
Laboratory, Mysore (Palk1 er al, 1998). Premavallt et 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 per cent protein and had good stability during storage.

Inorder to mcorporate 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 e/ ¢/ (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 green 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, ts comprised of
water within the range of 73.1 to 91.1 per cent (Kaur and Manjrekar, 1975,

Iyjiamma, 1989).

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

__ The moisture content of ten unconventional leafy vegetables found in
the forest and cultivable wasteland of Konkan was studied by Shingade ¢/ af

(1995) and indicated that the moisture content varied from 76.4 to 919 per cent.



Nambiar and Seshadri (1998) analysed sixteen green leaty vegetables
consumed frequently by the rural and tribal population of the Western region of
- Indsa for moisture and reported that 1t varied from 78 4 and 92.5 per cent, the

highest being in Basella rubra.

Neeliyara (1998) analysed the moisture content of edible leaves of five
winged bean genotypes available i Kerala and reported that 1t vaned from 39 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 wreen leafy vegetables grown mn Tanzania and reported that the moisture
content of these vegetables varied from 75.6 per cent to 90.8 per cent, the
minimum bemng in Moringa oleifera and the maximum in Portulaca oleracea. The
moisture content of Alternanthera sessils, Basella alba and fpomoea acguatica
was found to be 80.8 per cent, 90.2 per cent and 90.3 per cent respectively while
that of Amaranthus vaneties varied from 82.2 per cent to 86.2 per cent. The
moisture content of Basella 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 er a/., 1984a). According to Wills ¢r af.
(1984b} Australian green leafy vegetables had a moisture content of 86.8 10 92.9 g
100 g,

The moisture content of different green leafy vegetables like Ariplex
triangularis,  spinach, mustard  greens, Amaranthus  hypochondriacus,
Chenopodium auinoa, celosia, Prerocarpus mildbraedii, tender tamarind leaves

Allium tuberosum, Amaranthus tricolor, ‘Arka Suguna’ a pure line selection



-amaranth from Taiwanese introduction, Arve the local control and {pomoen
acyuatica was analysed by various authors and reported that the values ranged
from 70.5 10 925 per cent (Wills ef al, 1984a, islam et af., 1987, Prakash ef o/,
1993, Akpanyung et af., 1995, Shingade er @/, 1995; Shankaracharya, 1998.
Varalakshmi ¢f gf., 1998).

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

of leaves contamn as much protein as {egumes {Reddy, 1999).

Amaranthus species are known to contain tugh levels of protein
{Mugerwa and Bwabye, 1974). A high yielding short duration type of Amaranthus
belonging to amaranthus gangeticus L. released as an improved strain by Tamil
Nadu Agricultural University (TNAU), Coumbatore as CQ-2 contained 8.5 g of
protein per 100 g of edible matter (Rajagopal ef af,, 1977). Reddish green keera is
reporied to contain more protein than Amaranthus green (Kerala Agricultural
University (KAU) 1984). On dry weight basis, CO-3 culture amaranthus contaimned
12.5 per cent protein (Mohideen ef af., 1985).

According to Castanedac ef al. {1986) the protein content of
Amaranthus s siailar to that of spmach. George (1986) indicated higher protein
content sn red pigmented lines of amaranth while lower protein content (1.7 g
100 g') in “Arka Suguna’ a new multicut amaranth vartety was reported by
Varalakshmi ef af. {1998} as against the control ‘Arve’ (4 g 100 g“). Awoyinka et
al (1995) reported mgh level of crude protein in cassava leaves, compared to

-amaranthus.

The protein content of different green leafy vegetables like
chekkurmanis, amamanth, spinach, drumstick leaves, tender tamarind leaves and
coriander leaves and curry leaves were analysed by Menon (1980), Ramachandran

ef al. (1980), Philtp ef al. (1981), Gopalan er al. (1989), Prakash er al, (1993),



10

Shingade ef al. (1995), Raja ef al. (1997) and Shankaracharya (1998) and reported
that the values varied from 1.4 g t0 6.8 g 100 g~ 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 comp.ared to 3.1 per cent of spinach and 2.1 per cent of mustard green
(Islam ef al., 1987). According to Bressam et al. (1988) chiplin contained higher
amounts (7.6%) of protein than amaranth (4.4%) and spinach (2.8%).

According to Gupta ef al (1989), protein content in amaranth,
drumstick, fenugreek and pumpkin leaves varied from 25.1 per cent 10 28.5 per
cent on dry weight basis (DWB), while in colocasia and neem 1t was in lower

range of 15.7 to 18 per cent.

Nutritive value of four varieties of tribal greens found in the weaning
tood of tribal children was analysed by Chandrasekharan ef a/. (1990) and they
reported that Seekaisappu (Acacia concinna), Gurukaku (Tnanthema), Sokathi
(Chenopodinm) and Silkasi (Amaranthus) contained 3.9, 1.7, 3.8 and 3.8 g 100 g’

of protein respectively.

_ According to Prakash ef al. (1993), protein content in Chenopodium
ranged from 2.7-6 per cent and mn (elosia from 2.8-5.1 per cent. Prakash er 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 er al.. 1995). The protein content of green leaty vegetables from North-
East India which varied from 3.1 to 4.9 g 100g”" was comparable to that of other
commonly consumed green leafy vegetables like amaranth, brussel sprouts,

fenugreek leaves and mustard leaves (Longvah, 2000).

Hon and Bassir (1980), Wills ef al. (1984a) and Cnewya (1985),
analysed the green leafy vegetables m Nigena, China and Kenya respectively and
reported that the protein content varied from 0.3 to 36 per cent.

Masha er af (1995) found that the crude protein content of Tanzanian
leafy vegetables like amaranth, cowpea, peanut, pumpkin and sweet potato was in

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”', while Akpanyung
et al. (1995) reported 25.84 per cent protein on dry weight basis in Plerocarpus

mildbraedii another Nigenan leafy vegetable.

Eight green vegetables commonly grown i Dar es Salaam was analysed
by Raja er al. (1997) for crude protein and reported that it ranged between 1.03 to
5.23 per cent on fresh weight.

According to Wallace ¢f af. (1998), the protein content of the leaves of
Xanthosomas mafaffa, [pomoea involucrata, Launaea laxaracifolia, four non-

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

Although the total quantity of protein i1s 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 (Solanum africana), Ogunmo
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(Solanum  nudiflorun), Gbure (Talinum  triangulare) and Ewuro (Fernonia
amygdaling). The authors also indicated that the biological value of proteins from
four leafy vegetables wviz. 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 protens in the four green leafy vepetables were
almost similar and ranged from 80 per cent in Celosia argentea to 82.6 per cent In
Amaranthus hybridus. 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 N and
0.119-0835g 16 g" N.

The amino acid composition of certain amarantinis species was
evaluated by (Vijayakumar and Shunmugavelu, 1985) and reported that these are

rich 1n certain essential amino acids.

Nag and Matar (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 amimo acids including

seven essential amino acids 1n 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 vitammn K and some polyunsaturated fatty acids among its major

constituents {Davidson er al | 1973).
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According to Philip ef 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 10
7.23 per cent and bound liptds 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, gbgu and
fenugreek provide on an average 0.34 g of fat and these leaves contain high

amounts of alpha-linoleic 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 et al (1995) estimated the fat content of ten
unconventional leafy vegetables and found that these were poor sources of fat
which ranged between 0.2 and 0.9 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.

Neeliyara (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 er 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 ef «/. (1984a) indicated low fat content in Chinese vegetables. Fat
content of Amaranthus tricolor and Ipomoca acquatica vaned from 0.4 and 05 ¢

100 g™ of edible portion.

Crude fat content of Tanzanian vegetables was in the range of 2.57 to
434 per cent, the lowest being in araranthus and the highest in cowpea leaves

(Mosha ef al., 1995).

The predominant fatty acids of spinach was analysed by Murcia ef 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 linolenic (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 polysacchandes and lignin which are not
digested by endogeneous secretions of human gastrointestinal tract, 1s effective in
reducing the mcidence 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.

Kaur and Manjrekar (1975) studied the chemical composition of green
leafy vegetables avalable in Northern India and found that the crude fibre of
mustard greens, spinach, mint and cortander 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 ¢ al,, 1977). CO-3 culture Amaranthus contained 17.4 per

cent crude fibre on a dry weight basis (Mohideen ef al, 1985). Amaranthus
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hypochondriacus and Amaranthus edulis were found to have a high content of
fibre thus making them less palatable while CO-1 (Amaranthus dubius) and CO-Z
(Amaranthus gangeticus) types presented a low crude fibre content and both were

found 10 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 er al. (1995)
reported 1.3 per cent to 1 8 per cent fibre content in this leafy vegetable. Lucas
(1988) and Mosha ef al. (1995) indicated that crude fibre content of amaranth on
dry weight basis varied from 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 er a/. (1980), Philip et al. (1981), Gopalan (1982),
Shankaracharya (1998).

Gupta and Wagle (1988) reported that the crude fibre content of green
leafy vegetables ranged from 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 contamed 1.6 per cent and 2.1 per cent crude

fibre respectively (Gopalan ef al., 1989).

According 1o Gupta ef 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 vaneties of tribal greens found in the
weaning food of tribal children viz, Seekaisappu (Acacia concinna), Gurukaku

(Trianthema), Sokath1 (Chenopodium) and Silkast (Amaranthus) was 2.9, 1.1, 2.2
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and 0.9 g 100 g 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 ef a/., 1990},

Total dietary fibre content of 4 green leafy vegetables viz. amaranth,
spinach, gogu and bacchali varied from 1.6 to 2.6 g per cent (NIN, 1994a). The
study also revealed that green leafy vegetables had 0.8 to 1.3 g per cent of the
soluble fibre.

According to Shingade ef al. (1995), the species with more succulent
growth contained less fibres than woody perrennials. /pomoea 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 1n ¢rude fibre.

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

6 g 100 g (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 majonty
of 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, Alternanthera sessils (8.0 g %), Sesbania grandiflora (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 tamanind leaves (11%), Alternanthera sessils (13%) and
curry leaves (18%), the SDF content as percentage of TDF was more than 20 per
cent of TDF and 1t ranged from 21-38 per cent.
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The fibre content of Nigerian green leaty 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 n
Nigeria was 153 g 100 g while the fresh counter parts contained 3.2 g 100 g
Fibre content of Prerocarpus mildbraedii found in Nigena was found to be 7.56

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

According to Sreeramulu (1982), Cassia tora, Gynandropsis gynandra,
Solanum 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 dry
wetght respectively. Fibre content of Alternanthera sessils, Basella alba and

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

The dietary fibre content of the green leafy vegetables grown in
Australia, ranged from 1.7 to 4.5 g 100 g" with highest being in brussel sprouts
and broccol1 (Wills et al., 1984b).

Dietary fibre content of Chinese vegetables varied from 1.1 to 4.6 g
100 g, being highest in Amaranthus tricolor. [pomoea acquatica had 3 g 100 g’
of dietary fibre (Wills et al , 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, lpomoea involucrata, Launaea
taxaracifolia and Euphorbia hirta, four Ghanian non-conventional leafy vegetables

ranged between 1.15 to 7.73 per cent (Wallace et a/., 1998).

CarBohydrates in leaty vegetables differ from non-leafy vegeiables in

that it is stored in the form of starchy grains (Aman, 1969).
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Rao ef al (1979) and Ramachandran ¢/ af. (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 ¢ 100 g™ of carbohydrates respectively.

John et al. (1987) and Gopalan et al. (1989) reported the starch content
in Amaranthus tricolor and Amaranthus gangeticus as 0.73 g 100 g and 6.1 g 100
g edible portion respectively. The carbohydrate content of amaranth was 42.4 per

cent on dry weight basis {(Mosha et al., 1995).

According to Shingade er 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, {pomoea acquatica and dhandhgi.
Amaranthus tricolor contained 3.7 per cent carbohydrates and [pomoea acquatica

contamned 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 314 per cent of starch in winged

bean leaves on dry weight basis.

Ifon and Bassir (1980) reported the carbohydrate content of some
Nigenan 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 er al (1984a) analysed the nutrient composition of
Chinese vegetables and found that Amaranthus tricolor had a starch content of
.02 g 100 ¢ of the edible portion, while [pomoea acquatica contained no starch.
According to Achinewhu er al (1995), total carbohydrate content of leafy

vegetables 1n Nigera, ranged from 24 6-51 4 per cent.
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Green leafy vegetables are rich in minerals especially tron and calcium
(Menon, 1980, Philip e al., 1981, Gopalan, 1982; Smith, 1982; Norderde ef 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 respectively (Reddy, 1999).

Moringa oleifera is a good source of calcium, phosphorus and iron
(Devadatta and Appanna, 1957, Malik er al., 1969; Peter, 1979; Gopalan, 1982,
Nautiyal and Raman, 1987, Shingade and Chavan, 1996). According 1o
Swaminathan (1974), Rao et 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 nch in sulphur (17935 mg
100 ¢, 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 et al, 1986). According to
Swaminathan (1974), won and calcium contents of Amaranthus tricolor on fresh
~ weight basis are 21.4 mg 100 g and 0.5 g 100 g respectively while that of
Amaranthus spinosus are 22.9 mg 100 g and 0.8 g 100 g™ respectively. |

Biochemical analysis of CO-2 amaranthus (Amaranthus gangeticus 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’ on dry weight basis (Rajagopal et al., 1977, Mohideen
etal  1985).
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According to Menon (1980) amaranth contained 397 mg calcium and
25.5 mg of iron. The ash content of Amaranthus 1s 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

of dry matter respectively (Lucas, 1988).

Amaranthus gangeticus contained 2.7 g of minerals per 100 g which
consisted of 397 mg calcium, 83 mg phosphorus and 255 mg iron, while every
100 g edible portion of Amaranthus tricolor also contained 2.7 g minerals which
consisted of 397 mg calcium, 3 49 mg iron and 341 mg potassium (Gopalan er al.,
1989). However Shingz'lde and Chavan (1996) reported that, Amaranthus tricolor 1s
comparatively high in phosphorus, potassium, calcium and magnesium and
micronutrients like iron and boron. Varalakshmi ef a/. (1998) compared the
phosphorus, calcium, potassium, magnesium, ron 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 conander, followed by mint, spinach and mustard greens. The
muneral content of curry leaves 1s reported to be 4.2 per cent (Philip ef al., 1981).
Awasthl and Abidi (1985) reported that total ash in nine green leafy vegetables,
commeonly 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 1254 to 26.16 per cent. Gupta ef al. (1989) estimated the ash content
of amaranth, tolocasia, drumstick, fenugreek, neem and pumpkin leaves and

indicated that 1t varied from 15.7 to 28.5 per cent.

lfon and Bassir (1979), tabulated the mineral contents of Abelmoschus
esculentus, Corchorus olitorius, Talinum triangulare, Amaranthus hybridus, Piper
guinense, Ocimum basilicum, Cucurbita pepo, Vernonia amygdalina, 1elfaria

occidentalis and Marsdenia latifolia 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 my), manganese (15 to 115 mg), iron (30 to 59
mg), copper {l to 2.5 mg), zinc (6 to 13.5 mg), sulphur (230 to 390 mg),
phosphorus (210 to 710 mg) and chlorine (140 to 700 mg).

Calcium and iron contents of leaves like Mentha spicata, Rumex
acetosa, conander leaves, palak (Beta vulgaris), spinach, chekkurmanis, Solanum
nigrum, Gynandropsis gynandra, Amaranthus hybridus, colocasia, drumstick,
fenugreek, neem, pumpkin, Acacia concinna, trianthema, 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 of
leaves (Swaminathan, 1974; Rao et al, 1979; Choudhary and Rajendran, 1980;
Menon, 1980; Ramachandran er a!f., 1980; Cnewya, 1985, Bawa and Yadav, 1986;
Gupta ¢f al., 1989; Chandrasekhar et a/ | 1990 and Shankaracharya, 1998).

Total ron content 1n fourteen rare Indian green leafy vegetables ranged
from 3 mg 100 g’ in Portulaca oleracea to 32.5 mg 100 g in Merrania

emerginaia (Reddy and Kulkami, 1986).

Chawla er al (1988) reported that, total ron content in leaves like
Amaranthus spinosus, Colocasia antiquorum, Moringa oleifera, tenugreek,

Peucedanum graveolus and Spinacia oleracea ranged from 5.1 mg to 16 mg
100 g™

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 concinna, trnianthema, chenopodium, amaranthus and
tender tamarind leaves contained 0.48 to 1.4 per cent of phosphorus (Bawa and
Yadav, 1986, Chandrasekhar er al, 1990 and Shankaracharya, 1998). On dry
weight basis, phosphorus content of Basella alba and Talinum triangulare were

reported 1o be 0.24 g 100 g’ and 022 g 100 g (Faboya, 1983), while Lucas
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(1988) reported 023 ¢ 100 g'l and 041 g 100 g of phosphorus in these

vegetables.

Atriplex triangularis leaves are low in iron, calcium and zinc, but
contained seventeen times more sodium than spinach. However, the potassium
content of these leaves are low compared to other leafy vegetables (Islam ¢r af,

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 Clerodendrum 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 1iron

contents of 245.46 mg and 2.2 mg 100 g™ of 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
100 g™ and 267 mg 100 g”'. Tron content of these leaves varied from 4.4 mg 100 g’
whereas the phosphorus content ranged between 23 mg 100 g and 57 mg 100 g™

Oyejola and Bassir (1975) studied the iron content in leafy Nigerian
plants and the content varied from 190 mg in Vemonia amygdalina to 1010 mg

kg dry matter in Solanum incanum.

Ash contents of Alternanthera sessils, Amaranthus gangeticus,
Amaranthus spinosus, Amaranthus viridis, Basella alba, Ipomoea acquatica and
Moringa oleifera, the leafy vegetables grown in Tanzama are 13, 20.3, 24.4, 15.1,
20.3,16.5and 0.5 g 100 g™ respectively on dry weight basis (Sreeramulu, 1982).
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The twenty one Nigerian leafy vegetables analysed by Smuth (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 myg iron

and 70 to 280 mg calcium 100 g™

Faboya (1983) analysed some green leafy vegetables commonly found
in Western parts of Nigena, viz. Corchorus olitorus, Celosia argentea,
Amaranthus caudatus, Solanaceae macrocarpus, Vernonia amygdalina, Basella
alba, Talinum triangulare, Hibiscus esculentus and Telferiria occidentalis 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 1n Celosia argentea and lowest in Corchorus olitonius.
The author also reported that the red stalked vaneties of both Amaranthus caudatus

and Celosia argentea contained shightly higher amount of magnesium.

Wills er al. (1984a) studied the nutrient composition of Chinese
vegetables and reported that all the non-Brassica leafy vegetables had useful levels
of iron ranging trom 0.9 to 1.7 mg 100 g”'. The level of potassium was higher in
Amaranthus tricolor, garland chrysanthemum and watercress containing about 600
mg 100 g’ Calcium content was found to be greater than 100 mg 100 g” in

mustard, cabbage, A. tricolor and garland chrysanthemum.

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

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 triangulare consumed in Western parts of Nigeria are 0.58 mg and

0.48 mg 100 g and 0.37 and 0.39 mg 100 g respectively (Faboya, 1983), while
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Lucas (1988) observed that these leaves contained 2.17 g and 0.78 g of calcium

and 401 and 331 mg of 1ron on dry weight basis.

Nutritive value of four wild leafy vegetables in Coted’Ivoire viz. (eiby
pentandra, Grewia carpinifolia, Hibiscus congestiflorus  and  Triplochiton
scleroxylon was studied by Herzog ef al. (1993) and reported that these ieaves 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 dry matter (Aletor and Adeogum, 1995). The authors
also reported that these dry vegetables on an average contaned 3.7, 3.8, 2.5 and

1.2 ¢ 100 g 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'. Copper

was found to be the least abundant mineral n all the sampies.

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 1s
potassium, followed by calcium. Among the micro minerals, won 1s the

predominant one and varied from 3.09 to 53.04 mg 100 g™

Reddy and Kulkami (1986) studied the availability of won from
fourteen rare Indian green leafy vegetables and reported that the available iron
ranged from 44 mg 100 ¢ in Amaranthus polygamous to 0.7 mg 100 g’ in

Chenopodium album.

Chawla ¢t al. (1988) studied the /»n vitro avallability of iron mn various
green leafy vegetables like Amaranthus spinosus, Colocasia antiguorum, 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 contamn 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, agathy,
curryleaves, Amaranthus spinosus, 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 pg (00 g
(Swaminathan, 1974; Kaur and Manjrekar, 1975; Renquist ef al., 1978; Rao ef al,,
1979, Choudhary and Rajendran, 1980, Jayarajan et af., 1980, Menon, 1980,
. Shankaracharya, 1998; Reddy, 1999).

Chekkurmanis leaves contain 9510 [U of vitamin A in 100 g of fresh
leaves (Ramachandran e7 af.. 1980) while Philip e a/. (1981) reported the carotene
content of curry leaf as 12600 1U 100 g™

Erandankeera contained more vitamin A than Amaranthus white (KAU,
1984). CO-3 amaranthus contained 11.04 mg of carotene mn 100 g of fresh matter
(Mohideen ef af., 1985). ‘Arka suguna’, a pure line selection amaranth, from

Taiwanese introduction, 1s nich in vitamin A (Varalakshmi ez a/., 1998).

Carotenoid content of Amaranthus hypochondriacus, Chenopodium
auinoa and Celosia vaned from 12-20, 9-19 and 10-15 mg 100 g respectively
(Prakash e al., 1993).

The beta~carotene content of palak, bacchali, amaranth, drumstick,
agathi and gogu ranged from 1.8 mg to 14.1 mg 100 ¢ and its leaf concentrates
contamned 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 in the tender and coarse samples.
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Beta carotene content of fresh leaves of Bathua (Chenopaodium album)
and fenugreek (7rigonella foenum graecum) ranged from 19.0 to 24.64 mg 100 g’
dry weight (Yadav and Sehgal, 1997).

Nambiar and Seshadri (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 pug 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' of beta-carotene while hibiscus and colocasia
contained about S mg 100 g 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 521 and 14.05 mg percent
(Rajyalakshmi ef af., 2000).

Beta-carotene content of tropical leafy vegetables viz. Manihot utilisma,
Baseltla alba, Talinum triangulare, Colocasia esculentata and Carica papaya

varied from 1.9 mg to 17.4 mg 100 g 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

ug 100 g".

Carotene content of indigenous green leafy vegetables in Kenya

exceeded 7000 pg 100 g (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 et al. (1987) observed 2690 TU of witamin A in 100 g of Atriplex

tnangularis 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 1U 100 g} as carrots. Drumstick contained the highest leve!l of

carotene among green leafy vegetables (Gopalan, 1982).

A study conducted by Kowsalya and Chandrasekhar (1999) among ten
commonly consumed leafy vegetables wiz., drumstick leaves, ponnangant,
spinach, arakeera, kuppakeera, pulichakeera, surukeera, manathakali leaves,
mulakeera and agathi before and afier 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™).

Mean beta-carotene content of 5 native Brazilian leafy vegetables viz.
Amaranthus  viridis, Lepidum  pseudodidymum,  Xanthosoma -spp., Sonchus
oleracens and Portulaca oleracea varied from 14.1 to 110 mg 100 g’ and these
leaves contamned 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 pg 100 g* (Rahman ef
al., 1990).
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The common leafy vegetables available in Machakos District, Kenya,
had high values of beta-carotene and satisfied more than 100 per cent of the daily

requirements for retinol (Mwajumwa ef al_, 1991).

According to Nordeide ef al. (1996), leaves of Amaranthus viridis, a
cultivated leafy vegetable in Southern Mali, are reported to be rich 1n beta-carotene

(3290 ug 100 g™).

Yang et al. (1996) analysed carotenoid content of several dark green
leafy vegetables, viz. Malva crispa, lpomoea acquatica, Spinacia oleracea, Apinm
graneolens, Lactuca sativa, Basella alba and Pisum sativum grown and harvested
in Chengdu, China which are associated with a lower risk of various epithehal
cancers and reported to be high in beta-carotene content of 0.04 to 9.36 mg
100 g

Leaves of Chenopodium album collected from locations of Almaria of
Spam contamed high proportion of carotenoids (12.5 mg 100 g™) (Guerrero and
Isasa, 1997).

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

the gums 1n a healthy condition (Menon, 1980, Gopalan et 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 ef al | 1983a; Thimmayamma and Pasricha, 1996).

The ascorbic acid content of raw amaranth was found to vary from 96 to
99 mg 100 g (Devadas et al., 1973, Gopalan et al.,1989) while Mohideen ef al.
(1985) reported that CO-3 amaranthus culture contained 35.9 mg of ascorbic acid
in 100 g of fresh matter. Varalakshmi et a/ (1998) stated that leaves and tender

stems of amaranth are rich in vitamm C.
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Drumstick leaves are reported to be richer in ascorbic acid (220 mg
100 g") than tomato, radish, carrot and peas (Peter, 1979, Menon, 1980, Nautiyal
and Raman, 1987, Gopalan e al., 1989). According to Shingade er al. (1995)

drumstick leaves contained 229.9 mg per cent of vitamin C.

Chandrasekhar ¢t al. (1990) analysed four varieties of tnbal greens
found in the weaning food of tribal children viz., Acacia concinna, tnianthema,
Chenopodium and amaranthus and the vitamin C content of these leaves vaned

from 99 10 1752 mg 100 g

According to Placida and Meena (1991), ascorbic acid content of
sauropus leaves is 280 mg 100 g and therefore these leaves can be recommended

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

Prakash ef al. (1993) reported that vitamin C content of different green
leafy vegetables varied from 0.05 to 0.26 per cent. Shingade ef al. (1995) observed
a low ascorbic acid content in kankong (48.8 mg 100 g') and bharange leaves
(45.1 mg 100 g™).

Vitamin C contents of fresh leaves of Bathua (Chenopodium album) and
fenugreek (7rigonella foenum graecum) varied from 22097 to 377 65 mg per cent

(Yadav and Sehgal, 1997).

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

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” in Diplazium

esculentum to 643 mg 100 g in Pieroccocus corniculatus. 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 dry matter while Keshinro and Ketiku (1979) reported the mean ascorbic
acid levels of 31 to 63 mg 100 mg’ in some Nigerian leafy vegetables like Cefosia
argentea (green), Celosia argentea (red), Amaranthus chorostachys, Basella alba,
Talinum triangulare and Vernonia amygdalina. According to Achinewhu ef af.
(1995) the indigenous leafy vegetables found in Nigena are high in ascorbic acid
and the content varied from 23-232 mg 100 g~ 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 n fresh leaves of Amaranthus hybridus,
Celosia argentea, Corchorus olitorius, Hibiscus esculentus, Solanum sp. and
Talinum triangulare and cowpea leaves ranged from 410 to 588 mg 100 g (Ajayi
et al, 1980, ‘Imungt and Potter, 1983). Ascorbic acid content of Atriplex
triangularis leaves (40.2 mg 100 g'') is comparable to that of mustard green and is

much higher than that of spinach (1slam et af., 1987).

Sreeramulu ef af. (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, with Moringa oleifera being the richest source of vitamin C.
Fresh foliage of fenugreek contained 276 mg 100 g™ of ascorbic acid and that of
Polygonum plebium 58 mg 100 g on Fresh Weight Basis (FWB) (Sreeramulu ef
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 100 g’ of fresh vegetable (Mosha ef al., 1995).



31

According to Wills ef al. (1984a), the level of vitamin C, in watercress
and mustard cabbage, two popular Chinese green leafy vegetables 1s about 100 mg
100 & and are therefore good sources of vitamin C. All other Chinese vegetables
including Amaranthus tricolor and Ipomoca 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 daly
requirements for ascorbic acid for an adult male. The ascorbic acid content in three
indegenous Kenyan leafy vegetables viz,, Amaranthus hybridus, Gynandropsis
gynandra and Solanum nigrum varied from 123.8 mg in Amaranthus hybrids to
189.2 mg 100 g’ fresh weight in Gynandropsis gynandra (Mathooka and Imungi,
1994},

2.3 Anti-nutritional factors in green leafy vegetables

Despite the high level of nutrients, the main constrant to the nutritive
value of green leafy vegetables 1s 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
unavatlable. The absolute amounts of minerals are therefore of little value, unless
considered in relation to the oxalic acid content. The calcium oxalates formed may
accurnulate resulting in oxalurea or kidney stones {James, 1968; Singh ef af, 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 contatning 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 (Hodgkinson, 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 ef

al., 1979).

Certain plants such as rhubarb (Rhewm 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 i oxalic acid and hence individuals prone to

renal calculi should avoid such foods.

The usual human dietary intake of nitrate 1s about 100 mg per day
- (White, 1975). The nitrate may get converted into nitrite and nitrosamines in the
body (Tannenbaum et @/, 1978). Only m such circumstances, the level of nitrate in
the diet is of concern. Normally, dietary nitrate 1s excreted n the urine without

further conversion (Tannenbaum, 1979).

Deutsch (1977) pointed that, healthy adults need not be concerned about
the presence of mitrate and oxalate compounds, i green leafy vegetables, as the

jeafy greens make up only a fraction of the daily intake of these anti-nutritional
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factors. More than 100 g of daily fresh green intake is needed to raise the mitrate
and oxalate levels. According to Deutsch (1977) and Marderosian e 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 indicated 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 e/ a/., 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 ¢f al. (1979) reported a mean oxalate content of 0.75 per cent

in arnaranth 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 ef af, 1993;
Thamburag ef al., 1994; Shingade ef al., 1995). George et al (1989) and
Thambura) er af. (1994) observed higher oxalate contents in red varieties of

Aparainthus when compared to green varieties.
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Schmidt ef af. (1971) reported an average total oxalate content of 10.62
per cent, 2.81 per cent and 1.5 per cent in Basella alba, Ipomoea acquatia and

Brassica 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 1n
spinach, while oxalate content varied from 0.87 to 3.93 per cent in chenopodium

and celosia (Prakash er a/., 1993; Prakash ez al., 1995).

Aletor and Adeogun (1995) analysed the anti-nutrient components of
seventeen leafy vegetable species found in Nigeria and observed that the dry

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

According to Shingade et al. (1995), the unconventional leafy
vegetables in general contained less oxalates as compared to cultivated vegetables,
thereby indicating good palatability and safe use 1n human diet. The authors

observed the lowest oxalic acid content of 16.9 mg 100 g™ in phodsi.

Guerrero and [sasa (1997) analysed the oxalic acid content of leaves of
Chenopodium species and found moderate levels of oxalic acd and

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

Shankaracharya (1998) found that the tender leaves of tamarind contain
196 mg 100 g of oxalic acid and observed a calcium/oxalate ratio of 1:1 at pH
4.5.

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

non-conventional leafy vegetables viz. Xanthosomas maffafa, Euphorbia hira,
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Launcea taxarcifolia and Ipomoea involucrata grown m Ghana and observed
lower concentrations of oxalates, phytates, tannins, alkaloids and saponins in all

the leaves.

Schmidt er «f. (1971) reported an average mitrate content of 0.67 per
cent in Amaranthus cruentus. 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 mtrate content was in Amaranthus dubius. Prakash et al. (1993)
found a nitrate content of 0.31 to 0.92 per cent in A. hypochondriacus. Ebeling et
al. (1995) analysed some wild species of Amaranthus viz.,, A. retroflexus,
A. viridis, A. palmeri and A. blitvides 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 1n
Spinach. Nitrate content of leafy vegetables in Andhra Pradesh, varied from 30 to
270 mg/kg and contributed to 1.38 percent of the total nitrate intake (Gundimeda er
al, 1993).

According to Prakash ef al. (1993), mtrate content i Chernopodiom
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.

Schmudt 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 1n Brassica and [pomoea, 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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Chenopodium  murale) which were collected from ten different sites, thus

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

Kurien e/ al. (1976) and Singh er al. (1985) observed a direct influence

of nitrogen fertilization on the oxalic acid content.

Palis and Bustnillos (1976) reported that nitrate accumulated

significantly in the edible portions with increased fertilizer levels.

Vogtmann ef al. (1984) indicated a very low nsk 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. (1992) 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 1n a non
recirculating system, and decreased by harvesting in the late afiernoon on a clear
day and by harvesting when younger and increasing concentration of potassium

and calcium 1n the nutrient solution.
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2.4 Seasonal variation in the composition of leafy vegetables

Amaranth is the most common leaty vegetable grown during summer
and rainy season in India (Varalakshmi et al., 1998). Devadas ef al. (1969) studied
the seasonal variations in the nutrient content of Amaranthus flavus during three
seasons viz. south west monsoon, north east monsoon and coid 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 et 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 of 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 ramy season in both the vaneties. Jijlamma and Prema

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

A systematic study on seasonal vanations 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 B-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 lidden

attributes and sensory quality (Ranganna, 1977).

According to Bodyfelt er 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 attnibutes hke colour,
appearance, feel, aroma taste and texture are the deciding factors in food

acceptance (Pal eral | 1995)

Islam ef @l (1987) conducted a study on the sensory evaluation of
Atriplex triangularis leaves and reported that these leaves rated similar to spinach
in all the four quality attnbutes viz. colour, flavour, texture and overall
acceptability. In the study, it was also revealed that Atriplex 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 ef al (1996) evaluated six amaranthus genotypes in South
Afnca, for taste and acceptability as a source of nutrition. Acceptability of the leaf
material for human consumption was tested for both taste and texture. According
to them, A. tricolor and A. hypochondriacus had the best tasting, significantly
better than that of A. cruentus and among the 4. Aybridus 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 attmbutes,
doneness had obtained the highest scores in all the genotypes and texture obtained

the least score.

Rau ef a! (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 et af. (1998) compared the sensory attributes of microwave cooked
and conventionally cooked (boiling/pressure cooking) green leafy vegetables like
Amaranth (Amaranthus gangeticus), kilkeerai (Amaranthus ftricolor), 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 ef af., 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 ef 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 (Premavall) ¢f al., 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-nutntional factors in leafy vegetables

wh

. Organoleptic evaluation of leafy vegetables

o)}

. Statistical analysis

31 Selection of leafy vegetables

Eight leafy vegetabies available and maintained in the Department of
" Olericulture, College of Horticulture, Vellanikkara, were selected for the study.

The leafy vegetables selected are

1) Kankong (/pomoea acquatica Forsk.)

1) Basella (Basella rubra L))

1) Waterleaf (1alinum triangulare Whlld.)

1v) Arakeera (Amaranthus tristis Roxb.)

V) Centella (Centella asiatica)

vi) Horse purslane (Boerhaavia diffusa L.)

vii) Akshara keera (Alternanthera ficoidea L) (red)
Viil) Bengal keera (Alternanthera firvidea L.) (green)

Amaranthus tricolor L. was selected as the control variety.

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



Leafy vegetables selected for the study

Plate 1. Bengalkeera, Kangkong, Centella

Plate 2. Aksharakecra, Arakeera, Amaranth






Plate 3. Basella, Horsc 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 thé control
variety were analysed for different nutrients like
1. Mossture
. Protein
. Fat
. Fibre
. Starch
. Soluble carbohydrates
. Calcium

. Iron

N R~ - RS B Y e N

. Phosphorus
10. Beta-carotene and

11. Vitamin C

331 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 destccator. 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,
332 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 ¢ 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 contaning mixed indicators
and then titrated against 0.02 N sulpuric acid. The mtrogen content of the dried
sample was calculated from the titre value and then converted to fresh weight

basis.
333 Fat

The fat content of the samples was estimated using the method of
A.O.AC. (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
welghed 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 exiract, and then

converted to fresh weight basis.



43

334 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 leat 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 mt of 125
per cent sodium hydroxide for thirty minutes. Agam 1t was filtered through a
muslin cloth and washed with sulphuric acid, water and alcohol. The residue was
transferred to a pre weighed ashing dish, drnied, cooled and weighed. The residue
was then 1gnited 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 1n weight on 1gnition and then converted to fresh weight basis.
335 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 perchioric acid and
extracted at 0°C for twenty minutes, centrifuged and supematant 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 mi, 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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336 Soluble carbohydrates

The soluble carbohydrate content was analysed colonmetrically 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 rapadly 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.
33.7 Calcium and Iron

For estimating the calcium and won contents of the samples, diacid
extract of the samples were prepared and were estimated in an Atomic Absorption

Spectrophotometer (Perkin-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 perchlonc acid). The diacid extract was
made up to 100 ml and used directly for estimation in an Atomic Absorption

Spectrophotometer.
338 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 powdercd 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.
339 Beta-catotene

Beta-carotene content was estimated by the method of A.O.A.C. (1970)

using saturated n-butanof.

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 overmght, 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.

3316 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 mi 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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3311 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) +
40
3.4 Analysis of anti-nutritional factors in leafy vegetables

The anti-nutntional factors like oxalates and mitrates mn 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 ez al.
(1979).

341 Oxalate

The dried plant matenial 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 nm
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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3472 Nitrate

One gram of the powdered and dried plant material was extracted 1
100 ml of distilled water for thirty minutes, filtered and twenty ml of the filtrate
was pipetted into an iodine flask. Twenty mi 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 spectrophotometrically 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 vanety was conducted after cooking at the
laboratory level during rainy and summer season by collecting samples at an

interval of 15-20 days.
351 Selection of judges

A series of acceptability trials were carrted 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).
352 Preparation of the samples for acceptability studies

The fresh leaves (100 g) were washed thoroughly in water to remove the
adherning dirt and cut into small pieces using a stainless steel knife Heated 10 g

coconut otl and spluttered mustard Added 25 g of scraped coconut, 1%
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teaspoonful chitlipowder and a hittle salt. Added the leaves, sprinkled a little water

and cooked under a low tlame.
353 Sensory ¢valuation

Acceptability trials of the cooked leafy vegetables were conducted using
the score card (Swammnathan, 1974) by the selected ten judges. The score card
developed for the study i1s presented in Appendix |. Five quality attributes hke
appearance, colour, flavour, texture and taste were included as the qualty
attributes. Each of the above mentioned guality attributes was assessed by a five

point hedonic scale.
3.6 Statistical analysis

Analysis of data was conducted by using statistical techmiques 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
leaty 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, 1.e., moisture, protein, fat, fibre, starch, soluble carbohydrates, calcium,
iron, phosphorus, beta carotene and vitamin C during summer and ramny reasons.
The nutrients present in these eight leafy vegetables were compared with
Amaranthus tricolor L. which was selected as the control vanety. The results of the
nutrient composition of the selected leafy vegetables are presented in Tables from |

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 vaniety Amaranthus tricolor L. had a mean
moistiire 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 |. Moisture content of different leafy vegetables (g 100 g
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SINo. | Vanety Summer Rainy Mean
1 Aksharakeera 8242 © 78.92°¢ 80.67 ¢
2 Arakeera 85.11° 85.11° 85.11¢
3 | Basella 92.19* 93.37* 92.78°
4 | Bengal keera 77.85° 80.11° 78.98°
5 . | Centella 85.67°¢ 84.13° 84.90°
6 | Horse purstane 87.92™ 86.53" 87.22°
7 | Kang kong 88.53" 87.24" 87.88°
8 Water leaf 92.88* 92.47* 92.67*

Control | Amaranthus tricolor L. - 86.43° 86.89° 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 (bc) 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 in
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
(85.67%) 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 ).
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 signmficant difference with these four
leafy vegetales with respect to moisture. The members of other two groups (a & ¢)

had significant difference between themselves.

The mean moisture content of eight leafy vegetables with that of

Amaranthus tricolor 1s shown in Figure 1.

Analysis of vanance test indicated that there was significant vanation
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).

4172 Protein

The crude protein content of leaty vegetables on fresh weight basis
during summer and rainy seasons and the mean crude protetn content are presented

in Table 2.
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The mean protein content of the leaves varied from 1.20 g to 3.13 g

100 ¢ 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™

SI.No. Variety Summer Rainy Mean
I Aksharakeera 361° 259" 310"
2 Arakeera 223" 2.46" 2.35¢
3 Baselia 1.48°¢ 0.92° 1.20°¢
4 Bengal keera 3.18° 2.39" 2.79%
5 Centella 2.28" 264" 246>
6 Horse purslane 2.80° 1.34°¢ 2.07¢
7 Kang kong 2.88¢ 3.39° 3.13%
8 Water leaf 1518 1.04°¢ 1.28°

Control | Amaranthus tricolor L. 3.03° 3.34° 3.19°

Values having different superscripts differ significantly at 5% level

Statistically, the various leafy vegetables including the control vanety
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 1n the first group as a single entity which
indicated that 1t 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 1n 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 leaty 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 ramy season, the different leafy vegetables were grouped into

_three groups based on protein content, each group contaimng two, three or more
leafy vegetables. The leafy vegetables belonging to the same group had no

sigmficant 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 ¢ 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

~vanation 1n 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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(g 100 g™)

Fig.1. Mean moisture content of different leafy vegetables

Fig.2. Mean protein content of different leafy vegetables
(g100g™)
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413 Fat

Table 3. Fat content of different leafy vegetables (g 100 g™)

SI.No. Variety Summer Rainy Mean

1 Aksharakeera 0.57° 0.72° 0.65*

2 Arakeera 033" 0.33° 033"

3 Baselia 0.15 0.24% 0.19°

4 Bengal keera 0.30° 023 027°¢

5 Centella 0.37" 0.40" 0.39"

6 Horse purslane 0.29° 0.30° 0.29°

7 Kang kong 1.14¢ 0.22" 0.18¢

8 Water leaf 0.34" 0.25% 0.30°
Control | Amaranthus tricolor L. 0.32"% 029 |  030° |

Values having different superscripts differ significantly at 5% level

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 in
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 arre;nged 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 during summer and
rainy seasons, it was found that during summer season, the fat content ranged from
0.15 to 0.57 g 100 ¢'. The lowest and the highest fat content were found
respectively in basella and aksharakeera. The control vanety, Amaranthus tricolor
was found to have a value of 0.32 g 100 g, 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 varieties had a lower fat content than the

control vanety 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 (bc) along with arakeera and water feaf which
showed that statistically these three leafy vegetables are significantly different from

the leafy vegetables of category a, b, ¢ and d.

The fat content of the leaves dunng rainy season vaned from 0.22 g
100 g’ in kangkong to 0.72 per cent in aksharakeera. The control variety had a
value of 0.29 g 100 g” 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 1n 1t. The control variety was included in a separate group
- namely {(de) which showed that Amaranthus tricolor 1s significantly different from

all the other leafy vegetables on the basis of fat content during rainy season.

The mean fat content of eight leafy vegetables with that of Amaranthus

tricolor 1s shown 1n Figure 3.

The Analysis of variance 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.

414 Fibre
The fibre content of the leafy vegetables during summer and raimny

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 n 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 centelia (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 (ed) contained four [eafy vegetables
namely, arakeera, basella and kangkong and the control vanety Amaranthus
tricolor. The leafy vegetables mcluded m the same class were not sigmficantly
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”' (centella),
Table 4. Fibre content of different leafy vegetables (g 100 g™)

SI.No. Variety Summer Rainy Mean

] Aksharakeera 2.16°¢ 2.53° 235%

2 Arakeera 1.89 087' 1.38%

3 Basella 1.53% 0.78" 1.55<

4 Bengal keera 3.11° 2.96* 3.04%

5 Centella 5.94* 2.22°¢ 4.08°

6 Horse purslane 331° 1.46° 2.39%

7 Kang kong 1.18¢ 1.80° i.49¢

8 Water leaf 1.45° 0.691 0.92°¢

| _Control | Amaranthus tricolor L. 1.72¢ 1.40° 1.56 %

Values having different superscripts differ significantly at 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 durnng summer season,

Statistically, the different leafy vegetables were classified into six groups
on the basis 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 1s significantly different from all the other leafy

vegetables except arakeera.

During rainy season, the fibre content of leaves varnied from 0.69 to
2.96 g 100 g"'. The lowest and highest fibre contents were observed in waterleaf and
bengal keera respectively. The fibre content of the control vanety was found to be
140 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 ﬁee members each,
respectively. Amaranthus tricolor was included along with horse purslane. This
showed that Amaranthus tricolor is statistically different from 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 s 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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Fig.4. Mean fibre content of different leafy vegetables
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seasons (F value = 84.92) at 1 per cent level. The vanation in the fibre content

between summer and rainy seasons was found to be insignificant (F value =3 .4).
41.5 Starch

Starch content of eight leafy vegetables and the control vanety 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 hlghest 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

vanety.

Statistically, the vanous leafy vegetables were differentiated into five
categories. The category ¢ had five members including Amaranthus 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 )

SI.No. - | Variety Summer Rainy Mean
1 Aksharakeera 0.42° 2.71° 1.56%
2 Arakeera 0.42° 0.24¢ 0.33°
3 Basella 0.22° 0.39¢ 031°
4 Bengal keera 0.60° 2.79° 1.70*
5 Centella 0.04¢ 0.25° 0.14°
6 Horse purslane 0.21° 1.65° 0.93
7 Kang kong 0.13 1.15° 0.64"
3 Water leaf 0.12¢ 0.03° 0.07°
Control | Amaranthus tricolor L. 020° 0.14° 0.17°¢

Values having different superscripts differ significantly at 5% level




€1

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). The 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 vanety
(0.20%)

DMRT classified the leafy vegetables wnto five groups on the basis of
their starch content during summer season. Amaranthus tricolor was included 1n the
third group (c) along with basella and horsepurslane which means that Amaranthus
tricolor 1s sigmficantly different from the leafy vegetables namely, aksharakeera,
arakeera, bengal keera, centeila, 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
279 per cent. The highest starch content was reported in bengalkeera and the
lowest i waterleaf. The control variety was reported to have a value of 0.14 per
cent during ramny 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 categories 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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(g 100 g”)

Fig.5. Mean starch content of different leafy vegetables

25

vegetables (g 100 g™}

Fig.6. Mean soluble carbohydrate content of different leafy
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Analysis of variance revealed significant vanation in starch content (1%
level) between the leafy vegetables during rainy (F value = 98.329) and summer
(F value = 14.679) seasons. Significant vanation (5% level) was also observed 1n

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 vaned from 0.63 to
2.12 g 100 g 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'. 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, baseila
(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™')

St No. Variety Summer Rainy Mean
1 Aksharakeera 1.42°% 0.38¢ 0.90%
2 Arakeera 1.08 1.32° 1.20%*
3 Baselia 0.71¢ 0.55¢ 0.63°
4 Bengal keera 2.47° 1.34° 1.91%
5 Centella 1.83° 2.41° 2.12*
6 Horse purslane 1.05% 1.26% 1.15¢
7 Kang kong 2.36° 111%™ 1.74%
8 Water leaf 1219 1.01°¢ ]3] %

Control | Amaranthus tricolor L. 1.30°¢ 134" j 320

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 Amarantius
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 vartety (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 centella
(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 centella
leaves and the lowest in aksharakeera during rainy season. Except centella (2.41%),
all other teafy vegetables had a lower soluble carbohydrate content during ramy
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 centella. 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 1s 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).
417 Calcium

Calcium content of the eight leafy vegetables was analysed on fresh
welght basis and compared with the control variety, Amaranthus itricolor 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 in basella to 135.20 mg 100 g in bengal keera.

Table 7. Calcium content of different leafy vegetables (mg 100 g™)

SI.No. Variety Summer Rainy Mean
1 Aksharakeera 58.97¢ 136.53° 97.75"
2 Arakeera 56.66° 83.92° 70.29°
3 Basella 14.46° 12.38° 13.42"
4 Bengal keera 122.26° 148.13° 135.20*
5 Centella 38.13¢ 63.56° 50.85%
6 Horse purslane 50.80°¢ 114.25° 82.53™
7 Kang kong 28.80°¢ 3113 29.96
8 Water leaf 17.81°¢ 42.30°¢ 30.06°
Control | Amaranthus tricolor L. 78.84° 139.81° 10932

Values having different superscripts differ significantly at 5% level

The control vanety Amaranthus tricolor, had a calcium content of

109.33 mg 100 g”'. 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 ‘ef” which indicated that

there 1s no sigmficant difference statistically in the calcium content of these two
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leafy vegetables. Other varieties were included m 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, The lowest value was obtained in basella
(14.48 mg 100 g") and the highest in bengal keera (122.26 mg 100 g™). 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 on the basis of the calcium content during summer season.

During rainy season, the calctum content of the control variety amaranth
was found to be 139.81 mg 100 g' 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 1n group (a), dunng rainy season.
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The mean calcium content of eight leafy vegetables with that of
Amaranthus tricolor 1s shown 1 Figure 7.

Statistical analysis indicated significant vanation in calcium content
between the leafy vegetables during summer (F value 106.819) as well as ramny (F
value 62.282) seasons, at 1 per cent level. The varniation 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).
4138 Phosphorus

The mean values of phosphorus of different leafy vegetables and the
control variety are given n 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 va:ieti' amaranth (12.59 mg 100 g) 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 1t showed that Admaranthus iricolor and kangkong were significantly different

from the other varieties of leafy vegetables in phosphorus content.

Dunng summer season, the phosphorus content ranged between 2.43 mg
to 4.78 mg 100 g 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"'. The phosphorus content of all the other leafy vegetables except

arakeera was found to be lower than the control variety.
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Fig.8. Mean phosphorus content of different leafy

Fig.7. Mean calcium content of different leafy vegetables

vegetables (mg 100 g™)




Table 8. Phosphorus content of different leafy vegetables (g 100 g™)

S1.No. Variety Summer Rainy Mean
1 Aksharakeera 4.13® 17.31% 1072
2 Arakeera 4.78° 16.15% 10.47%
3 Basella 3.07°¢ 9.89° 648°
4 Bengal keera 4.13% 10.01° 7.07°
5 Centella 3.26% 11.10% 7.18"
6 Horse purslane 423% 8.76° 8.88°"
7 Kang kong 3.30™ 24.39° 13.84*
8 Water leaf 243°¢ 8.76° 5.60°
Control | Amaranthus fricolor L. | 4.66* 2051 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 categonised as the first group (a) along with
arakeera which indicated that all the other leafy vegetables except arakeera are
significantly different from the control vanety on the basis of phosphorus content

during summer season.

The phosphorus content of the leaves duning rainy season ranged
between 8.76 (horsepurslane and waterleaf) to 24.39 mg 100 g in kangkong. The
control variety contained 20.51 mg 100 ¢ and the phosphorus content of leafy
_ vegetables selected for the study except kangkong was found to be lower than the

control vanety.

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 in group (ab), aksharakeera in group (bc), arakeera in group
(becd) 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.
419 Iron

Iron content of leafy vegetables and the control variety on fresh weight
basis are presented in Table 9. The mean 1ron content of leafy vegetables ranged
between 5.16 to 34.76 mg 100 g'. 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 . Except kangkong, all the other

leafy vegetables had lower iron content than the control variety.

Table 9. Tron content of different leafy vegetables (mg 100 g™)

SLNo. | Variety Summer Rainy Mean

o ] Aksharakeera 575" 40.96° 23.36 **
2 Arakeera 3.63 5 16.79 1021
3 Basella 2.07¢ 8.25" 5.16¢
4 Bengal keera 5.64"™ 37.08% 21.36%
5 Centella 3.58"9 37.08% 20.33
6 Horse purslane 3.18¢ 22.85%¢ 13.02>¢
7 Kang kong 38.40° 31.13™ 34.76°
8 Water leaf 1.84¢ 11,75 6.88°

{ Control | Amaranthus tricolor L., 6.88" 46.60° 2674 |

Values having different superscripts differ significantly at 5% level
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Fig.9. Mean iron content of different leafy vegetables
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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 in a
separate group namely ab, which showed that the control variety is significantly

different from other leafy vegetables in iron content statistically.

Tron 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 m a
separate group (b), which showed that the control variety had significant difference
from all the other leafy vegetables with respect to won 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}, than all the other leafy vegetables during rainy season.

According to DMRT, there were six categortes of leafy vegetables based
on the 1ron content during rainy season. The control variety was categorised 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 1s given 1 Figure 9.

Significant variation n 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 n different leafy vegetables with respect to

iron (F value 14.52).

41.10 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 fumished in the same table.

Table 10. Beta carotene content of different leafy vegetables (ug 100 g™')

SI.No. | Variety Summer Rainy Mean
] Aksharakeera 4977.01° 8540.88° 6758.94
2 Arakeera 16330.19* 6806.91°¢ 11568.55 %>
3 Basella 3901.25° 15241.77° 9571.51%
4 Bengal keera 5733.80° 14793.19% 10263.50 %
5 Centella 4482.96*° 3531.87¢ 4007.42°
6 Horse purslane 29308.04° 12365.64" 20836.84 %
7 Kang kong 35361.00° 81933.27°¢ 22147.13°
8 Water leaf 11236.34* 8728.89°¢ 9982.61

Control | Amaranthus tricolor L. | 15063.97° 8937.36°¢ 12000.66 **

Values having different superscripts differ significantly at 5% level

The mean beta carotene content of 100 g of leaves ranged from
4007.42 pg to 22147 pg The highest mean beta carotene content was observed n
kangkong leaves and the lowest in centella. The control vanety had been found to
have a mean beta carotene content of 12000.66 ug 100 g kangkong and horse

purslane contained an higher beta carotene content than the control variety.

According to DMRT, the different leafy vegetables were grouped into
five categories. The leafy vegetables belonging to the same group had no sigmficant
difference between themselves but they differ from the leafy vegetables of other
classes. The control vanety 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 leaty vegetables were analysed dunng summer and rainy
seasons, it was found that the beta carotene content ranged from 3901.25 (basella)
to 35361 (kangkong) ng 100g” during summer season. Amaranthus tricolor
contained 15063.97 pg 100 g of beta carotene during summer season. The beta
carotene content of kangkong, horsepurslane and Arakeera was found to be higher

than the control vanety.

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 sigmficant difference in
the beta carotene content of the leafy vegetables selected for the study during

suminer season.

Dunng rainy seson, the beta-carotene values varied from 15241.77 to
3531.87 pg 100 g with basella having the highest and centella having the lowest
values. The control variety contained 8937.36 ug 100 g’ beta carotene during rainy
season on fresh weight basis. Basella (15241.77 pg 100 g'), horsepurslane
(20836.84 g 100 g"') and bengal keera (14793.19 pg 100 g"') 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 varety was included 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 seasor.
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Thé mean beta carotene content of eight leafy vegetables with that of

Amaranthus tricolor is given in Figure 10.

The analysis of vanance test revealed that the variation i beta carotene
content of the leafy vegetables during summer as well as ramny season (F value

14.34) and between seasons (F value 1.12) were insigmficant.
4111 Vitamin C

The mean vitamin C content of the leafy vegetables varied from
51.77 mg to 127.27 mg 100 g”'. 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 on FWB. Except centella, the
vitamin C content of all the other leafy vegetables was found to be lower than the

control varnety.

On the basis of vitamin C content, the leafy vegetables were statistically
classified into six categones, the first group (a), third group (b) and the sixth group
(d) accomodating only one leafy vegetable each. The control variety was mcluded 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 leafy vegetables (mg 100 g™)

S1.No. Variety Summer Rainy Mean

1 Aksharakeera 57.009 70.47°¢ 63.74 <
2 Arakeera 100.86° 106.87° 103.86%
3 Basella 8431° 141.52° 11291*
4 Bengal keera 24.29° 79.24¢ 51.77¢
5 Centella 132,90 121.64% 127.27%
6 Horse pursiane 78.19°¢ 77.63°¢ 7791¢
7 Kang kong 70.66 82.02° 76.34°
8 Water leaf 82.54° 121.64%* 102.09°

Control | Amaranthus wicolor L. 110.46° 136.55° 123.51*

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 (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 vanety.

On the basis of the vitamin C content, the leafy vegetables were grouped

statistically into six classes during summer season. The second and third groups
“namely ‘b’ and ‘¢’ had two and three members respectively. Amaranthus tricolor
was grouped along with arakeera which showed that the control variety 1s
statistically different from all the other leafy vegetables selected for the study except

arakeera 1n its vitamin C content during summer season.

The vitamin C content of the leaves during rainy season vaned from
70.47 mg to 141.52 mg 100 g". 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 duning 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 during 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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4.1.12 Average nutntive 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 dunng summer and rainy

seasons, as well as the mean value are provided in Table 12.

Table 12, Average nutritive value of different leafy vegetables

| S1.No. Variety Summer Rainy Mean
1 Aksharakeera 12.75 35.20 23.98

2 Arakeera 23.57 20.07 2182

3 Basella 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 wricolor L. 35.29 40.02 37.66

During summer season, average nutritive value of the leafy vegetabies
varied from 9.20 in basella to 35.29 in the control vanety. Kangkong came next to

the control vanety, with an average nutritive value of 31.7.

During rainy season also, the highest average nutntive value belonged 1o
the control variety (40.02). Horse purslane had the lowest average nutntive 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 sumrmer season.
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4.2 Anti-nutritional factors in leafy vegetables

The leafy vegetables selected for the study were analysed for anti-
nutritional factors namely exalate-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.
421 (xalate

The mean oxalate content of the selected leafy vegetables are given 1n
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 varted from 0.23 g to 1.08 g
100 ¢'. 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". Four leafy vegetables namely aksharakeera (0.80%), arakeera
(0.70%), bengat 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 vaniety 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 dunng summer season, the oxalate
content varied from 0.27 g in basella leaves to 1.25 g 100 g in  bengal kecra.

Amaranthus tricolor contained 0.62 g of oxalate per 100 g of leaves. Four leafy l
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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 durng
summer season, on the basis of oxalate content. The control vanety 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 ramny 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
vanety 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
”dun'ng rainy s.eason, all the leafy vegetables differed significantly from the control
varety.

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 g™)

SI.No. Variety Summer | Rainy Mean |
1 Aksharakeera 0.78° 0.83° 080°
2 Arakeera 0.86" 0.53¢ g.70°
3 Basella 027" 0.18° 0.23¢
4 Bengal keera 1.25° 091° 1.08*
5 Centella 0.68" 0.70° 0.69°
6 Horse purslane 0.50° 0.45% 0.48°
7 Kang kong 0.51° 0.43" 0.47°
8 Water leaf 0.28° 0.23% 0.26°
Control | Amaranthus tricolor L. 0.62° 0.50% 0.56°

Values having different superscripts differ significantly at 5% Jevel
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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 instgnificant between summer and rainy seasons (F value = 0.02).
4272 Nitrate

Nitrate content of eight leafy vegetables and the control vanety 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, bc and ¢. The control vanety was
Mmcluded 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 mitrate content.

The nitrate content of the leaves during summer season varied from 0.1 |
per cent to 0.53 per cent. The highest value was observed in kangkong and the
lowest in basella leaves. The control vanety had the same (0.53%) nitrate content as

that of kangkong.

According to DMRT, the different leafy vegetables were grouped into
five categonies during summer season. All the groups except ‘be’ 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

sunumer s€asoi.
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During rainy season, the nitrate content ranged from 0.11 g to 054 g
100 ¢ in basella leaves and bengal keera respectively. The control vanety 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 categorised into
seven groups, based on nitrate content during ramny 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 leaty
vegetables differed significantly from the control, in nitrate content during rainy

s€ason.

The mean nitrate content of eight leafy vegetables with that of

Amaranthus tricolor is given in Figure 13,

Table 14. Nitrate content of different leafy vegetables (g 100 g')

S1.No. Variety Summer Rainy Mean
1 Aksharakeera 0.20% 0.19% 0.20™
2 Atakeera 0.43%* 0.13¢ 0.28™
3 Basella 0.11¢ 0.11° 0.11°
4 Bengal keera 0.32% 0.54" 0.43"
5 Centella 0.49® 0.15¢ 0.32™
6 Horse purslane 0.12¢ 0.36° 0.24"
7 Kang kong 0.53° 0.17% 0.35™
8 Water leaf 0.20% 0.33% 0.27%
Control | Amaranthus tricolor L. 0.53° 0.83* 0.68"

Values having different superscripts differ significantly at 5% level

Analysis of vanance revealed significant variation in nitrate content (1%)
between the varieties during summer (F value = 8.699) and rainy (F value = 20.018)
seasons. The vanation 1n nitrate content between summer and rainy season (F value

= 0.02) was found to be insignificant.
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Fig.13. Mean nitrate content of different leafy vegetables
(g100g7)
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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 attnbutes namely,
appearance, colour, flavour, texture and taste. The scores obtamed 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

furmished 1n 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 Jeaf
and the highest for aksharakeera. However, the control vaniety, Amaranthus tricolor

had the hughest score (4.5), when the quality colour was examined.

The scores for flavour, vanied 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 vaned from 255 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 horsepursiane (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 10 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 acceptabihty with an highest score of 21.15.

Statistical analysi§ 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 durning summer season.

As can be seen from Table 16, during rainy season the mean scores for
appearance varied from 3 (horse pursiane) 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 1425

(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. | Vanety Mean score

Appearance | Colour | Flavour | Texture | Taste Total
1 Aksharakeera 3.25 4.00 3.55 3.30 315 18.55
2 Arakeera 415 3.70 4.00 4.05 3.60 18.90
3 Basella 3.85 3.70 325 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 3.65 395 17.95
8 Water leaf 3.40 3.20 3.10 3.30 325 16.30
Control | Amaranthus 4.55 4.50 3.95 3.90 425 21.15

tricolor
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 3.20 340 375 17.50
4 Bengal keera 3.50 3.55 345 3.85 3.65 17.85
5 Centella 3.55 3.95 335 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 4.75 430 4.20 3.80 3.85 20.90

tricolor o




87

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 waterleat were placed in cluster 11, while aksharakeera and Bengal kcera were

placed in cluster I

The cluster means of cluster 1 for protein, soluble carbohydrates,
phosphorus. beta-carotene and nitrates were 332 ¢ 100 g'], 151 g 100 e, 1059 ¢

100 ¢ and 1411212 pg 100 g™ respectively.

in cluster 1, the cluster means for moisture and vitamin C conttents werc

92.73 per cent and 107.5 mg 100 g™ respectively.

The cluster means of cluster 11 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 0.94 per cent respectively.

Considenng the mter cluster distance, it can be seen that the members ol
ctuster | and cluster 11l 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 amony the members of cluster I. This may be due to the more number of
lleaijy vegetables mcluded m this cluster. Members of cluster 1 viz. basella and
water leat exhibited the least intra cluster distance, showing similarity 11 chemical

composition,
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5. DISCUSSION

The study on “Quality attributes of selected lealy vegetables™ was
attempted to assess the nutritional composition, antinutritional factors and the
acceptability of eight varieties of leafy vegetables. The commonly consumed leaty
vegetables viz., Amaranth (Amaranthus tricolor) was taken as the control variety
to compare the various quality attributes of the eight unconventionally used leafy

vegetables.

The leaty 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 acceptabality of the leafy
vegetables was assessed through organoleptic evaluation, using score card, based
on a five pomt 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,

L. Nutritional composition of leaty vegetables
2. Anti-nutntional factors in leafy vegetabies
3. Acceptability of leafy vegetables

sS4 Nutritional composition of leafy vegetables

The mean moisture content of eight leafy vegetables ranged from 78.93
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 vatues reported by Kaur and Manjrekar (1975),
Sreeramulu (1982) Wills er al. (1984a), Wills ef al. (1984b), Islam ef al. (1987),
Jijtamma (1989), Prakash er a/. (1993), Akpanyung er al. (1995), Shingade ef af
(1995), Shankaracharya (1998), Varalakshmi (1998), Nambiar and Seshadri (1998)
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and Longvah (2000) for different leafy vegetables. However, Philip et af. (1981)
and Neeliyara (1998) observed lower moisture content 1n curry leaves (66.3%) and

winged bean leaves (39.8%) respectively.

The mean moisture content of all the leaves was found to be
significantly different from each other except horse pursiane and kangkong, as well
as water leaf and basella in which the moisture content was found to be almost
similar. The moisture content of Amaranthus 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
mossture content of leafy vegetables commonly used by Keralites like amaranth
(87.0%), chekkurmarnis (73.6%), drumstick leaves (75.9%), curry leaves (63.8%)
etc. as reported by Gopalan et a/. (1989).

When the leaves were analysed dunng two seasons, 1t was found that
most of the leaty vegetables differed significantly in moisture content during rany
as well as swmmer 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 Afriplex triangularis leaves as reported by various authors
like Peter (1979), Menon (1980), Ramachandran ef al. (1980), Philip e/ al. (1981),
.- Islam (1987),.Gopalan ef a/ (1989), Prakash e al. (1993), Shingade ef al. (1995),
Raja ef 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 ¢!
al. (1978) and Neeliyara (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. Bressani ¢f 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 conirol 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 varation in protein content was found to be
insignificant between the seasons. This finding is in accordance with the results of
Jijjamma(1989)in which the author observed that seasonal vanation 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 lmghest protein content and all the other



Kaur and Manjrekar (1975), Ramachandran ¢f af. (1980), Philip er al. (1981),
Gopalan (1982), Bressani er al. (1988), Gaopalan e/ al. (1989), NIN (1995a),
Shingade ef al. (1995) and Shankaracharya (1998) for various leafy vegetables like
mustard greens, spinach, mint, coriander leaves, chekkurmants 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 ef a/.
(1984a), Wills e al. (1984b) and Aletor and Adeogun (1995) for the leaty '
vegetables in Australia,China and Nigena respectively. However, Guerrero and
[sasa (1997) observed a slightly higher fibre content (4 to 6%) for chenopodium

leaves.

The fibre content of kangkong ({pomoea acquatica) n the present study

(1.49%) was found to be similar to the fibre content of Jpomoea 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 1n Australla This may be due to the vanation in the time of harvest of

the leaves or 1n 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 594 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
vanety. 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 1n between 0.07 per -
cent and 1.70 per cent with bengalkeera having the highest content and waterleaf
having the lowest. The control variety Amaranthus tricolor, contained only 0.17
per cent of starch. This finding 1s in hne with the finding of Wills et a/. (1984b) for
Amaranthus tricolor, in which the authors observed a starch content of 0.2 per
cent. However, John er al. (1987) observed a higher starch content of 0.73 per cent
in Amaranthus 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 1 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 sigmficantly similar to the control variety.
Varnation between kangkong and waterleaf was also found to be insignificant with

respect to starch content.

The highest starch content dunng 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 in 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
varted 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’ to
4.78 ¢ 100 g 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 ef af. (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 in basella. All the leafy vegetables except arakeera, horse pursiane 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 sigmficant

vanation 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 similanty in

- soluble carbohydrate content duning 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"' 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¢'% in several green leafy
vegetables by Smith (1982) and in mustard, cabbage, amaranth and garland
chrysanthemum grown in China by Wills ef al. (1984b). In contrast to the findings
of the present study, Swaminathan (1974), Rao ef 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 Swaminathan (1974) and Gopalan ef af. (1989) (397 mg 100 g') 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 to 5410 mg 100 g* [Ifon and Bassir (1979), Faboya
(1983), Lucas (1988) and Neéliyara (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 vanation observed in various green leafy vegetables with respect to
calcium content may be due to the varation 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'. The

control variety came nearest to kangkong with a mean content of 12.59 mg 100 g

The phosphorus content of the leafy vegetables analysed in the present
study 1s in accordance with the phosphorus content of drumstick leaves reported by
Swarmnathan (1974), Rao et al. (1979), Menon (1980) and Gopalan (1982).
However, the values obtained in the present study are lower than the phosphorus
content 1n Amaranthus gangeticus leaves as reported by Rajagopal et al. (1977),
Mohideen er 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 (1983), Awasthi and Abidi (1985), Bawa
and Yadav (1986), Lucas (1988), Chandrasekhar et a/. {1990) and Shankaracharya
(1998).

However, the present results were higher than the values of 0.21 to 0.71

mg 100 g’ phosphorus on dry weight basis as reported by Ifon and Bassir (1979).

During summer season, the lughest phosphorus content was observed mn

arakeera and lowest 1n water leaf.

In rainy season, the highest phosphorus content was for kangkong and

the lowest for horsepurslane and waterleaf.

Significant vanation 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 Jipamma (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 g™).

The 1ron content of the leafy vegetables observed in the present study

was m accordance with the won content of different leafy vegetables like
drumstick, chekkurmanis, Beta vulgaris, coniander, Mentha spicata, tnanthema,
i chenopodlum Amaranthus spinosus, colocasia, fenugreek amaranth analvsed tn
different parts of the country in which the values vaned from 2 to 32.5 mg 100 g
[Swaminathan (1974), Choudhary and Rajendran (1980), Ramachandran e a/
(1980), Reddy and Kulkarni (1986), Chawla er al. (1988), Chandrasekhar et al.
(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 tron

content of arakeera reported by Gopalan (1989)(38.5 mg 100 g'l),

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 1n 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 vanation was seen in the iron content of leafy vegetables
during the two seasons which was found to be contradictory to the findings of
Jijlamma (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 well-as 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 ¢ and
centella had the least value of 4007.42 ug 100 g The control variety came nearest

to kangkong with a mean content of 12000.66 ug 100 ¢



The results were almost similar to the beta caratene content of different
leafy vegetables such as amaranth, Amaranthus spinosus, drumstick, coriander,
curry leaves, Mentha spicata, Beta vulgaris, mustard greens, spinach, agathi,
Rumex acetosa, tender tamarind leaves and fenugreek leaves and reported by
various authors like Swaminathan (1974), Kaur and Manjrekar (1975), Renquist ef
al. (1978), Rao et al. (1979), Choudhary and Rajendran (1980), Jayarajan er af.
(1980), Menon (1980), Nambiar and Seshadn (1998), Shankarcharya (1998) and
Reddy (1999). The findings were also in accordance with the values reported by
Wills er 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 ef al. (1996) for Amaranthus

viridis a cultivated leafy vegetable in Southern Mali.

The mean beta carotene content of the control vanety Amaranthus
tricolor obtained in the present study was more than twice the values reported by

Gopalan et al. (1989) (5520 ug 100 ¢*). This may be due to the varietal difference.

Duning summer season also the highest beta carotene content was
observed in kangkong and the lowest i basella. No significant vanation 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 duning 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 m beta-carotene content for certain leaves during summer, ramy and

winter seasons.
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The mean vitamin C contents in the different leafy vegetables ranged
from 51.77 mg 100 ¢ in bengalkeera to 127.27 mg 100 g” 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 e a/. (1989) and Shingade et al. (1995) for
drumstick leaves in which the vitamin C content varied from 220 to 2299 mg
100 ¢ However, the vitamin C content of most of the leafy vegetables was found
to be similar to the values reported by Chandrasekhar ef 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' 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 ef al. (1973), Gopalan ef 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™') was also found to be higher than
the values reported by Shingade ef al. (1995) (488 mg-100 g) 4n kangkong

leaves.

Several authors like Cadwell (1972), Keshinro and Ketiku (1979),
Sreeramulu ef al. (1983a), Wills ef al. (1984b), Mathooka and Imungi (1994) and
Achinewhu et 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 1n

Kerala.
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During summer, highest vitamin C content was observed in centella and
lowest in bengalkeera. The control variety was found to be statistically simular to
arakeera during summer. Basella, horsepursiane and waterleaf were also found to

have similar vitamin C content dunng summer.

Highest vitamin C content during ramny season was observed in basella,
which was statistically similar to the control vanety. Centella and waterleaf were
found to have similar amount of vitamin C duning 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 1n 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 duning rainy season. This 1s 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" to 1.08 g 100 g’. This finding was found to be
accordance with the mean oxalate content of different Amaranthus species as
reported by Devadas ef a/. (1989), Prakash and Pal (1991), Prakash et al. (1993),
Thamburaj er af. (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, which was found to be shghtly
lower than the value of 0.75 per cent reported by Marderosian ef al. (1979).

The average total oxalate content of basella and kangkong as reported
- by Schmidt ef al (1971) (2.81 and 1.5%) was slightly higher than the findings of
the present study (0.23 and 0.47%).
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The differences may be due to varation in soil fertility as stated by

Schmidt er af. (1971) and Singh et af. (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 ramy seasons was
found to be wnsignificant.

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 in
accordance with the value of 0.67 per cent obtained by Schmidt ef a/. (1971) for
Amaranthus cruentus and by Prakash et al. (1993) for Amaranthus
hypochondriacus (0.31 to 0.92%). However, Ebeling ef al. (1995) observed a

slightly hugher 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 ef al. (1976), Singh ef 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 vanety 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 vanation.

There was no significant vaniation 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. Attnbutes such as appearance,
colour, flavour, texture and taste were the various criteria evaluated for this

purpose.

Wide vanation was seen 1n the acceptabihity 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

S€asons.

Duning 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 leaty vegetables durng
summer @il ramy seasons suggested that the leafy vegetables are more acceptable
during summer. Jijiamma and Prema (1993) also observed better acceptability for

red and areen Amaranthus durmig summer and rainy seasons.

The lower scores obtamed for the selected leafy vegetables compared to
the control vanety may be due to the unfamilianty of these less commonly used

lealy vegetables.
Cluster analysis of the leafy vegetables

Hierarchial Fuclidean Cluster Analysis was carried out to find out
homogencous wroups of the leaty vegetables based on the nutrient and antinutrient
composttion of the selected leaves. Based on the analysis the leafy vegetables were

grouped into three clusters as shown below

Figure 14. Cluster analysis of leafy vegetables
—

{(1.9-30)
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Cluster [ - Arakceera, centelfa, horsepurslane, kangkong and amaranth
Cluster I Basclla and waterleaf

Cluster 11 - Aksharakeera and bengalkeera
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The average intra and inter cluster distance matrix 1s shown i Table 17

and represented i Figure 14

Table I 7. Average intra and inter cluster distance matrix

" Cluster bo. ‘ 1 1 11 |

l‘[ ___________ ,| e ] )

ol ’ 3.055 0.940 |
1l P 4.042 6.767 2 111

- A e e .
Note:- Values along the principal diagonal indicate the average distance of cluster members
from cluster centroids.

The members of cluster 1 were high in protein, soluble carbohydrates.
phosphorus, beta-carotene and nitrate content. The mean value of protewn tor the
first cluster was 3 32 g 100 ¢! Within the cluster, the protein content of the cluster
members varied from 2.07 to 3 19 ¢ 100 g™, Cluster mean for soluble carbobydrate
content in cluster T was 1 506 g 100 ¢"' which varied from 1.15 10 2.12 ¢ 100 o
among the ciuster members, Phosphorus content of cluster 1 was 1n between 7.18
mg and 13.84 my 100 g' with a cluster mean of 10.592 mg 100 ¢ For beta-
carotene. the highest value in the cluster was 22147.13 pg 100 g™ and the lowest

_was 4007.42 pg 100 g, The cluster mean for beta-carotene content was 14112.12
ng 100 ¢ The mean attrate content for cluster 1 was 0.374 8100 ¢! The highest

and lowest values for nitrate content within the cluster was 0.68 and 0.24 g 100 o'

The members of cluster T had high moisture and vitamin C contents,
with cluster means of' 92.725 per cent and 107 5 mg 100g™ respectively. Mossture
content of the cluster members varied from 92.78 to 92.67 per cent whereas the

vitamin ' content varted from 112.91 to 102.09 per cent.

Aksharakkera and bengal keera, the members of cluster 1il were high in
fat, libre, starch, calcium, iron and oxalate contents. The cluster means for these

nutrients were 0.46 percent, 2.70 per cent, 1,63 per cent, 11648 per cent, 22.36 per
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cent and 0.94 per cent respectively. The fat content of the cluster members was in

beiween 027 and (.65 o per cent, fibre 2.35 and 3.04 p per cent, starch .56 and

7
/

L7 g per cent, calcium 97.75 and 135.2 my per cent, ron 21 .36 and 23.36 my per

i

cent and oxalates 0.70 and | 08 g per cent.

the first cluster which meluded the control, Amaranthus tricolor was

highest 1 four nutrients.

Five leafy vegelables namely arakeera, centella, horse purslane and
- “kangkong including the control variety Amaranthus tricolour may be considered as
the best group with highest protein, soluble carbohydrates, phosphorus. beta-

carotene and low oxaiate content.



SUMMARY
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6. SUMMARY

The study on “Quality attributes of selected leafy vegetables™ was made
to evaluate the nutrient and anti-nutrient composition as well as the acceptability of
eight selected leafy vegetables along with the control vanety amaranth, maintained
in the Department of Olenculture, College of Horticulture, Kerala Agricultural
University, Vellanikkara, Trichur. The eight leafy vegetables selected were
aksharakeera, arakeera, basella, bengalkeera, centella, horsepursiane, kangkong

and waterleaf

The nutrient constituents such as moisture, protein, fat, fibre, starch,
soluble carbohydrates, calcium, iron, phosphorus, beta carotene and vitamin C and
the anti-nutrient constituents like oxalates and nitrates were estimated 1n the eight
selected leafy vegetables along with the control during summer and ramy 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 vaneties 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 vaned 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 iron

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 ug
per cent to 22147 ug 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 1632 to
37.65 with Amaranthus ticolor having the highest and horse purslane with the

lowest value.

Statistical analysis indicated significant vanation 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 varniety had a mean oxalate content of 0.56 per cent. The nitrate content
of the leafy vegetables ranged between O.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 msignificant 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 duning
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-]

Organoleptic evaluation of leafy vegetables

No.

Character

Description

Score

l

Appearance

Excellent
Good

Fair

Poor
Very poor

n

Colour

Excellent
Good
Fair
Poor

| Very poor

I

Flavour

Excellent
Good

Fair

Poor
Very poor

v

Texture

Highly tender
Slightly tender
Neither tender nor
fibrous

Shghtly fibrous
Fibrous

Wod Ll D)W B = R W R = N WA L

Taste

Excellent
Good

Fair

Poor

Very poor
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ABSTRACT

The study entitled ‘Quality attributes of selected leaty vegetables’ was
undertaken to estimate the nutrient composition, anti-nutntional factors and
organoleptic qualities of eight leafy vegetables, along with the control variety,
Amaranthus tricolor L. available and mamntained 1n the Department of
Oleniculture, 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 vanety was found to be sigmficantly higher than the other leafy vegetables.
All the leafy vegetables were found to be rich 1n 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 dunng 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. Varation in both the anti-nutritional



factors was also observed between the leafy vegetables during summer and rainy
seasons. However, the vanation was found to be msigmficant between the two

s€asons.

Based on the nutrient composition and anti-nutritional factors, the leafy
vegetables were grouped into three clusters, each cluster containing similar leafy
vegetables. Cluster | contained arakeera, centella, horse purslane and kangkong
along with the control vanety 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 aoceptal‘:ole during summer season.
Among the different leaves the control variety (Amaranthus tricolor L.) was found

to be more acceptable.



