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INTRODUCTION

India is the second largest producer of the 
vegetables, which are being grown on 6.5 million ha area 
and produces 87 million tonnes of vegetable, which are 
capable to supply 210 g vegetables per caput per day 
against minimum requirement of 285g/caput/day.

As the dietary pattern in India is changing day by 
day people want change in food habit along with their way 
of liking. In such circumstances a new range of minor 
tropical vegetables are catching the attention of 
growers, retailers and consumers, Which are known to be 
the minor vegetables or rare vegetables. But the 
consumption ot these vegetables is very less due to non
preference and ignorance (Chaurasia and Nirmal, 2001).

It has been reported that 19 promising but under
exploited vegetables tor improving the nutritional status 
of tropical diet. The Indian council ot Medical research 
reports a meagre corisumpt ion of 125 g of vegetables per 
capitum per day in Kerala as. against* the daily 
requirement of 1 SO g (Indira and Peter, 1<:>89).

Ave rage consurnp! ion of veget ables in Kerala (q/day)
SI.No. F'ood s tut t 1993-94 1995-96 RDA*

1 Green leafy vegetables 1 6 20 40
2 Other vegetables 26 22 60
3 Roofs and tubers 69 60 50

It has been opined that the intake of vegetables 
has been too low in our daily diet because we are not 
able to appreciate the vast potential of vegetables in. 
our diet and therefore continue to depend too much on 
cereals (Manay and Shadaksharaswamy, 1995).



It has been found that the nutritive value of 
under utilized tropical plants had a good complement of 
amino acids, favourable amounts of minerals, sugars, 
lipids and fibre (Yeoh and Wong, 1993).

Furthermore, anti-nutritional factors such as 
chymotripsin and cyanides were not detected in these 
vegetables.

Consumption of these tropical vegetables has 
significant health promoting effects and can reduce the 
incidence of cardiovascular diseases, cancers, AIDS and 
various other degenerative diseases (Charanjith, Mani, 
2 0 0 1).

These minor vegetables can be classified based on 
the edible plant parts used and commercial utilization. 
They are
1. Green leafy vegetables
2. Other vegetables
3. Roots arid tubers

NUTRITIONAL IMPORTANCE OF GREEN LEAFY VEGETABLES
Green leafy vegetables abound in our country are 

known to be t h** mo:;I inexpensive source ol several vital 
nutrients. Leafy vegetables are appreciated because, they 
not only supply the protective nutrients and add variety 
to a monotonous diet, but also have an attractive taste, 
pleasing appearance and aroma.

The commonly consumed green leafy vegetables in 
India such as drumstick, spinach etc. are termed as 
'Poorman's luxury' due to their unassuminq way of 
production, response to basic health needs, their wide 
range of choices and essential cheapness.



The severity of micronutrient malnutrition widely 
prevalent in India can be easily reduced, if the 
consumption of green leafy vegetables is actively 
promoted, especially among the low income groups of the 
population. The affluent lot can also benefit by eating 
these vegetables as these contain antioxidants which 
offer protection against many chronic diseases like heart 
disease and certain types of cancers (Saxena, 1999}.

Green leafy vegetables are one of the best sources 
of Vit. C, riboflavin and iron for vegetarians. They are 
rich sources of Betacarotene, folic acid, Ca and Vit. K.

Leafy vegetables are also a good source of dietary
fibre, particularly soluble fibre and fatty acids (a-
linolenic acid) which has hypocholesterolaemic and 
hypotrihlyceridaemic effects in humans. The matter of
leafy vegetables are good proteins also (Saxena, 1999).

A daily intake of at least 100 q of fresh green
leafy vegetables is recommended by the nutrition experts 
(Reddy, 1990). Besides the commonly consumed leafy 
veget ables i ri India, a great variety ot less familiar 
green leafy vegetables are also used locally in different 
parts of I he count ry.
The most commonly used minor green leaty vegetables are
1. Agathi
2. Chekkurmanis
3. Colocasia leaves (green)
4. Curry leaves
5. Drumstick leaves
6. Fenugreek leaves
7. Gogu
8. PonnagannL



9. Spinach
10. Tamarind leaves (tender)
11. mint
12. Coriander leaves
13. Cowpea leaf
14. Paruppukerai
15. Pumpkin leaves

Nutritional composition of some common minor green leafy 
vegetables are presented in Table 1.
NUTRITIONAL EVALUATION OF GREEN LEAFY VEGETABLES
Carbohydrat.es

According to Shingade et al. (1995), the 
unconventional leafy vegetables contained more 
carbohydrates than conventional sources. The drumstick 
leaves (11.5r6) were superior in carbohydrate content when 
compared to spinach, cowpea etc.

The mean soluble carbohydrate4 content of selected 
leafy vegetables varied 1rom 0.63 to 2.1.

In drums,t ick leaves as reported by Rao et al. 
(1979) the moan carbohydrate content in dry weight basis 
varied from 2.7 g/100 g - 4.7 g/100 g .

It can be seen found that the soluble carbohydrate 
content of leafy vegetables was in general higher than 
the starch content of the leafy vegetables.

This is supported by the observations of Rao 
et al. (19/9) who reported higher content of sugar 
compared to starch in green leafy vegetables studied. 
Dietary fiber

Dietary fiber, the sum of polysaccharides are 
Jignin which are not digested by endogenous secretions of



human GI tract is effective in reducing the incidence of 
obesity, hypercholesteremia, heart disease, diverticular 
disease and colon disease (Jrowell, 1976).

According to Reddy (1999) benefits of dietary 
fibre can be had by increased consumption of GLV which 
also increased the faecal bulk and prevents constipation.

According to Gupta et al. (1989) the tender leaves 
of colocasia, drumstick, fenugreek, neem are good sources 
of neutral detergent fibre and acid detergent fibre.

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

Protei n
Green leafy vegetables are good sources of protein

and the dry mat ter of leaves contain as much as legumes
(Reddy, 1999).

Nag and Matai (1991) estimated the amino acid
composition of the cytoplasmic traction of leaf protein
from some green leafy vegetables and reported an 
excellent balance ot essent i.il amino acids in leaf
p r o t e i n s .

Handiquo (1991) detected 17 free amino acids 
including 7 B.A.A. in certain unconventional vegetables.

Mint is rich in protein, nitrogen (Rao et al.,

1979).
Fat

100 g green leafy vegetables like goqu and
fenugreek provide on an average 0.34 q of fat and these
leaves contain high amount of a-linoleic acid (NIN,
1990) .

Some polyunsaturated fatty acids are also present 
besides the vitamins (Davidson ni al., 1973).



Vitamins and minerals

Vijayaraghavan (1996) indicated that green leafy 
vegetables like spinach, drumstick leaves etc. which are 
affordable by the rural and urban poor are major 
inexpensive sources of provitamin A.

The most rational and sustainable longterm 
solution to control vitamin A deficiency is to ensure 
inclusion of green leafy vegetables (Kowsalya and 
Chandrasekhar, 1999).

Commonly consumed green leafy vegetables in India 
such as fenugreek, mustard, mint, coriander and curry 
leaves are rich and inexpensive sources of B-carotone 
(3ressani ot al., 1 986; Gopalari, 1 989; NIN, 1993; 
Thimmayamma, 1996).

The carotenoid content of dark GLV are associated 
with lower risk of certain Epithelial cancers (Reddy, 
1999) .

A study conducted by Kowsalya and Chandrasekhar 
(1999) indicated that drumstick leaves in it's raw form 
had maximum total carotene and li-rurotone.

Coriander leaves are rhaiseterirod by higher level 
of niacin.

GT. vegetables are rich in vitamin C which is 
required to keep the gums in healthy condition (Menon, 
1980; Gopalan ot a/., 1989).

Spinach, drumstick, mint, coriander etc. are 
equally good sources of vitamin C as fruits (Sreeramulu 
et al., 1983a; Thimmayamma and Pasricha, 1996).

Drumstick leaves are reported to bo richer in 
ascorbic acid (220 mq/100 g) (Peter, 1979; Shingade,
1999).



According to Manay and Shadaksharaswamy (1995) 
drumstick leaves were considered useful in scurvy and
catarrhal affection.

Chekkurmanis one of the popular green leafy 
vegetable in South India, commonly known as multi-vitamin 
and multi-mineral packed leafy vegetable (Ramachandran 
et a l ., 1980) is very rich in nutritive value.

Lakshmi and Vimala (1998) conducted studies for 
the development of nutritious dehydrated powders and 
blends of green leafy vegetables vegetables. Curry leaf
powder was found to be rich in fiber, vitamin C, B- 
carotene and Cu, while gogu and mint powders were fair 
sources of all the nutrients.

Green leafy vegetables are rich in minerals 
especially Fe and Ca (Nordeide et al., 1 996). Other
minerals like P, Mg, Na, K, Cu, I, S and B are also
detected in these vegetables.

Drumstick leaves are rich in S, Zn and B (Chavan, 
1996). Apart, from Ca, P, Fe, Cu, I, drumsl ick leaves also 
contain foeopherols (Vit. F.) F.strogcnic substances and 
some i mpo r t a n t e ri zymes (Gopa lan, 1982) .

The leaves are good sources of protective 
nutrients, which are essential for healthy vision, bones, 
bIood and skin.

According to Imugi and Potter (1983) cowpea leaves 
are rich in minerals like iron, calcium, phosphorus and 
Z i n c .

In order to make green leafy vegetables available 
to armed forces at high altitudes, deserts and seas, 
instant vegetable-dhal curry mixes based on spinach and 
drumstick leaves were developed at the Defense Food 
Research Laboratory, Mysore.



ANTI NUTRITIONAL FACTORS IN GREEN LEAF! VEGETABLES
Despite the high level of nutrients, the main 

constraint to the nutritive value of green leafy 
vegetables is the presence of some anti-nutritional 
factors like oxalates and nitrates in the leaves (Sadik, 
1971; Singh and Saxena, 1972; Cheeke and Bronson, 1980; 
Gupta and Wagle, 1985) . Besides these, the presence of
phytates and hydrocyanic acid are also reported in 
certain leaves.
Oxalates

Oxalate levels in foods are ot concern, because, 
free oxalates bind essential dietary divalent minerals, 
primarily Ca and make them nutritionally unavailable. The 
absolute amounts of minerals are therefore little value, 
unless considered in relation to the oxalic acid content. 
The calcium oxalates formed may accumulate resulting in
oxaluroa or kidney stones (James, 1 968; Singh et a l ., 
1971; Gopalari et al., 1989; Sukumar, 1997).

Certain plants such as spinach are known to
contain rather high levels ot oxalic acid. However, there 
is little evidence to substant iale the claim that the ill 
effects produced by the ingestion ot these leaves are due 
to the presence of oxalic acid (l.iener, 1980).

According to Reddy (1999) certain green leafy
vegetables such as spinach and gogu are rich in oxalic 
acid and hence individuals prone to renal calculi should 
avoid such foods.

Gupta and Waglo (1908) observed an oxalate content 
of 8.69% in spinach, while in chenopodium and celosia 
(Prakash et al., 1993; Prakash et al., 1995).

According to Shlngade et al. (1995) the 
unconventional leafy vegetables in general contained less



SI. i Name o f  the vegetable
' No, I

Moisture
(5)

Protein
(5)

Fat
U )

Minerals
(«)

Fibre
(k)

1 CHO
1 (s)

Energy
(KCal)

Ca
(mg)

P
(mg)

Fe
(mg)

Rich In

1 Agathi 73 1 8 4* 1 4 3 1 ? ~> 
0m 0m I n s 93 1 1130* 80 3.9 Protein, Ca

2 • Chekkurmams
1 73 6 6 8 3 : 3 4* 1 4 1 1 1 6 03 570 200* 28.0* Fe, energy, 

Ca, all
P,

I 3 Colocasia leaves (green) 82.7 3 9 ! 1.5 2 2 2 9 6 S 56 227 82 10.0 Fe
1 4 1 Curry leaves 63 3 6 1 1 0 4 0 6 4* IS 7* 103 830 57 0.93 Ca, fibre
1 5 Drumstick leaves1••

75 9 6 7 1.7 2 3 0.9 12 5 92 440 70 0.85 Fair source 
Pr. Ca, P

o f

6 Fenugreek leaves 86 1 4 4 0 9 1 5 1.1 6 0 49 395 51 1.93 Fair Ca, Fe
j 7 j Gogu 86 4 1 7 1.1 0 9 9 9 56 172 40 2.28 Fair CHO
t 8 j Ponnaganni 77 4 5 0 0 7 2 5 2.8 11 6 73 510 60 1.63 Ca. Pr
j 9 | Spinach 92. r 2 0 0 7 1.7 0.6 2 9 26 73 21 0.14 Fair in all
1 19 Tamarind leaves (tender) 70 5 5 3 2 r 1 5 1 9 13 2 “ 115* 101 140 0.30 CHO. P

11 1 Mint 84 9 4 8 0 6 1 9 2 0 5 S 48 200 62 15.6 Fair Ca, Fe
12 Coriander leaves 36 3 3 3 0 6 2 3 1 2 6 3 | 44 184 71 1.42 Fair Ca. P
13 i Cowpealeaf 1 89 0 3 4 0 7 1 6 1.2 4 1 1 38 290 58 20.1 Fe

j 14 j Pamppukkeri i 90 5 2.4 0 6 2 3 1 3 2 9 27 111 45 14.8 Fair Fe
!' 16 | Pumpkiri leaves 81 9 4 6 0 3 2 7 2 1 7 9 57 392 112 - P

■ (NIN, 1989)



SI. Name o f  the Carotene Thiamine ; Riboflavin j Niacin Folic acid Vitamin Colin Rich in
No. Vegetables _ (Mg) (m g) (m g) (mg) 1 Free Total C ( g ) (m g)

1 !
Agarhi

oo-tvi 0.21 0.09 1.2 - 169 Fair Vit.C, carotene
2 Chekkurmanis 5,706 0 4S* 0.32 2.6* , - m 247 Vit. C
3 Colocasia leaves 12.000* O.Oo 0.45* 1.9 - I - 63 Carotene
4 Curry leaves 7,560 0.08 I 0 21 2.3 ! 23.5 93.9 4 Total Folic acid
5 Drumstick leaves 6,780 0.06 I 0.05 0.8 - - 220 Vit.C
6 Fenugreek leaves 2,340 0.04 0.31 0.8 m m 52 Fair Riboflavin
7 G ogu 2,898

r~oo

0 .39 1.1 - m 20
3 Ponnaganni 1.926 0 ! 0.14 1.2 | - - 17
9 ; Spinach 5.530 0.03 0.26 0.5 1 51.0* 153.0* 28.0 Carotene, Folic acid
10

|
Tamarind leaves 
(Tender)

250 0 24 0.17 4.1- - m 3 Niacin

11 ! Mint 1 1,620

V-|
OO

! 0.26 1.0 I 9.7 114.0* 27 0 Total Folic acid
12 1 Coriander leaves 1 6.918 0 05 0.06 0.8 - - 4 - Carotene
13 | C ow pea leaf 6,072 0.05 0.18 0.6 | - - 4 - Carotene

1 1 4 Paruppukeeri 2,292 0 10 0 22 0.7 - - 29 - Fair Vit. C
! 15 Pumpkin leaves 1 i

• (NIN, 1989).



oxalates as compared to cultivated vegetables there by 
indicating good palatability and safe use in human diet.

Guerrero and Isasa (1997) analyzed the oxalic acid 
content of leaves of chenopodium species and found 
moderate levels of oxalic acid.

Mathew (2000) analyzed the mean oxalate content of 
eight leafy vegetables (given in the table).

Oxalate content of different leafy vegetables
SI.No. Variety Summer Rai ny Mean

1 Akshrakeera 0.78 0.83 0.80
2 Arakeera 0.86 0.53 0.70
3 Basel la 0.27 0.18 0.23
4 Benga1kee ra 1 .23 0.91 1 .08
5 Centella 0.68 0.70 0.69
6 Horse purslane 0.50 0.45 0.48
7 Kang korig 0. 51 0.4 3 0.47
8 Water leaf 0.20 0.23 0.26

Mi t rates

The usual human dietary intake is about 100 mg per 
day (White, 19/S). The nitrate may get converted into 
nitrite and n i t rosam i nos in the body (Oannenbaum et .) I., 
1978). Only in such eircumstancos, the level ot nitrate 
in the diet is of concern. Normally, dietary nitrate is 
excreted in l tie* urine wit hout further conversion 
(Jannebaum, 19/9).

Deutsen (19/7) pointed that healthy adults need 
not be concerned about t tie presence of nitrate and 
oxalate compounds, in green leafy vegetables, as the 
leafy greens make up only a fraction of the daily intake 
of these anti-nutritional factors. More than 100 g of 
daily fresh green intake is needed to raise the nitrate 
and oxalate levels. According to Deutsh (1977) and 
Marderoslan et al. (1979), oxalates and nitrates become



more of a problem, when the plants are grown under 
stress.

Gupta and Wagle (1988) reported a nitrate content 
of 5.36 percent in spinach. Nitrate content of leafy 
vegetable in A.P., varied from 3 to 270 mg/kg (Gundimeda 
et a l ., 1993).

In A. P. the nitrate content of the leafy 
vegetables contributed to 1.38% of the total nitrate 
intake (Gundimeda et al., 1993).

According to Prakash et al. (1993) nitrate content 
in chenopodium auinva and celosia varied from 0.26 ,to
0.51% and 0.19 to 0.46% respectively.

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.

Nitrates accumulation can interlere with 
respiratory function and indices the accumulation of S e f 
Hg, Cd which poisonous. The mean nitrate content of eight 
leafy vegetables as analyzed by Mathew (2000).

Nitrate content of different leafy vegetables
3 1 . N o . Var i ety Gummer Ra i ny Mean

1 Akshrakeera 0.20 0.19 0.20
2 Ara keera 0.43 0.13 0.28
3 Basel la 0.11 0.11 0.11
4 Benga1keera 0.32

I i

o
! 

• LT'
I t 1

0.43
5 Centel 1 a 0.49 0.15 0. 32
6 Horse purslane 0.12 0.36 0.24
7 Kangkong 0.53 0.17 0.35
8 Water leaf 0.20 0.33 0.27

NUTRITIONAL IMPORTANCE OF OTHER VEGETABLES
Vegetables arq rich sources of certain essential 

vitamins; minerals, proteins and dietary fiber provide



additional calories. The world scenario reveals that 
India is the second largest producer of vegetable next to 
China contributing about 12.22% of the world's vegetable 
production.

Vegetables considered as protective supplementary 
food as they contain large quantities of minerals, 
vitamins and essential amino acids, which are required 
for normal functioning of the human metabolic processes.

They are important to neutralize the acids 
produced during digestion and also useful as roughage. 
Peas and beans are enriched with proteins. Ca, P and Fe 
are the important minerals, which are lacking in cereals 
and are available in abundant quantities in vegetable 
like beans.

It has been estimated that 100 g of tropical 
vegetables can provide 60-140 rng of vitamin C, 100 mg 
folic acid, 4-7 mg iron and more than 200 mg Ca (Dhankar, 
2001).

Vegetables are rich sources ol dietary liber 
ranging from 0.2 m g / 100 g edible port ion.
The commonly consumed tropical minor vegetables 
1 . Bof 1 1e gonrd
2. Co 1 oca s i a s L cm
3. Coccinia - Jvy gourd
4. Ridge gourd
5. Drums!, ick
6. Field bean
7. Sword bean
8. Winged bean
9. Dolichos bean
10. Cluster bean



i SL Name o f  the 
! N o. i Vegetable

Moisrure Protein Fat Minerals
j

Fibre CHO Energy Ca P Fe

j 1 | Bottle gourd 96.1 0.2 0.1 ! 0.5 0.6 2.5 12 20 10 0.46
2 Colocasia stem 94.0 0.3 0.3 ! 1.2 0.6 3.6 18 60 20 0.50

1 3 1 Drumstick 86.9 2.5 0.1 ! 2.0 4.8 3.7 26 30 110 0.18
| 4 | Field beans 86.1 3.8 0.7 1 0.9 1.8 6.7 48 210 68 0.83

3 Ridge gourd 95.2 0.5 0.1 0.3 0.5 3.4 17 18 26 0.39
6 Snake gourd 94.6 0.5 0.3 ! 0.5 0.8 3.3 18 26 20 1.51

! 7 Sword bean 87.2 2.7 0.2 I 0.6 1.0 3.4 21 25 24 0.90
8 W inged bean 2.9 ! • - 2.6 • m 330 - 1.70
9 D olichosbean - 3 8 - - 1.8 - 48 210 m 1.70
10 1 Cluster bean I 81.0 3.2 0.4 1 1.4 3.2 10.8 16 130 57 1.08



Proximate principles o f  m inor  tropical vegetables (Vitamin content)

1 s l -
Name of the Carotene Thiamine Riboflavin Niacin (mg) Folic acid Vitamin C

No. Vegetable (MS) (mg) (mg) Free Total (m g )
i Bottle gourd 0 0.03 0.01 0.2 - m 0

2
Colocasia stem 104 0.07 0.07 0.1 - m 3

3 Drumstick 110 0.05 0.07 0.2 - m 120

I 4 Field beans 187 0.10 0.06 0.7 - m 9
5

Ridge gourd 33 0.01 0.2 * m 5
1 6 Snake gourd 96 0.04 0.06 0.3 7.5 15.5 0

b Sword bean 24 0.08 0.08 0.5 - «■ 12

! 8
Winged bean 0.06 0.12 - - - 37

9
Dolichos bean ! - 0.1 0.06 m - - 9

! i o  i Cluster bean 198 0.09 0.03 0.6 50 144 49



The nutritional composition of the some common 
minor vegetables are presented in Table

NUTRITIONAL EVALUATION OF VEGETABLES
Carbohydrates

Carbohydrates are present largely in the form of 
sugars and starches while the indigestible celulosic 
materials provide roughage in the vegetables.

Vegetables also supply proteins, carbohydrates and 
dietary fibre. According to Malhrotra et al. (1975) the 
carbohydrate content of cluster bean is 20-30.7% where as 
according to Aykyroyd (1941) it is 9.9%.
Proteins

Proteins are present in leguminous and leafy 
vegetables and they are needed for the repair and 
maintenance of body tissues and synthesis of enzymes, co
enzymes and hormones.

Winged bean protein as analyzed by Aniu (1998) 
ranged between 1.9-2.97,.

Winged bean proto in is high (30-39%), in lysine 8% 
of the total amino acid. It 's seeds, pods and leaves have 
high levels of protein (NAS, 1975).

Studies conducted by Haiesh and Bhanerqee (2001) 
revealed that doliclios bean contains moderately well 
balanced amino acids and rich in proteins.
Fats

As fat content is very less. No studies included. 
Vit amii ns_a rid m i no r aj_n

Vitamins are complex organic substances that are 
required for health and are effective in small amounts.



Vitamin A  is synthesized in the body but it's
synthesis requires certain compounds (carotenes) that are 
obtained from many vegetable species.

Red and yellow vegetables are particularly rich in 
carotenes, a deficiency of which leads to poor night 
v i s i o n .

Vitamin B (thiamine), B2 (riboflavin) and B6 
(pyridoxine) occur in vegetables particularly in dark 
green vegetables arid legumes. Deficiencies of which are 
responsible for the two prevalent diseases in tropical 
countries, beriberi and pellagra.

Almost all vegetables contain vitamin C over 
cooking of vegetable can lead to almost complete loss of 
this important vitamin.

MacFarline cl: al. (1990) through a study showed
that a modest addition ot vitamin C to meal would help to 
increase the bioavai1u b i 1ity of iron. Vegetables are 
important sources of vitamin C and it enhances iron 
absorpt ion.

Vegetables are- also a major source of minerals. 
Gome important minerals supplied by vegetables include Ca 
and P.

Fruits of rnoringa arc reported to be rich in
vitamin R and vitamin C and minerals (Brown, 1971).

ANTI-NUTRITIONAL FACTORS IN VEGETABLES

The most important anti-nutritional factors 
present in some vegetables are trypsin inhibitors, 
phytates, oxalates, tannins, lectins and goitrogens. They 
interfere with the utilization of other nutrients like 
proteins, minerals like iron, zinc, Ca and iodine
(Gopalan ot al., 1971).



Anti-nutritional factors Source
1. Trypsin inhibitors

2. Tannins

3. Oxalates

4. Goitrogensanti-thyroid 
Substances

Plant foods like legumes

Winged bean, hyacinth bean

Seed coat of legumes, 
Vegetables

Vegetables and legumes 

Cruciferous vegetables

Anti-nutritional factors Act ion
1. Trypsin inhibitors Inhibit the activity of trypsin 

and interfere the digestibility 
and utilization of protein

2. Phytate Bind Fe, Zn, Ca and Mg and 
Makes unavailable

3. Tannins Bind with Fe and interfere 
W i t h F e absorption

4. Oxa Lates Interfere with Ca absorption 
forming insoluble salts (Ca 
oxa1 at os)

5>. Goit.rogons Intertoro with iodine uptake leads 
to iodine deficiency

The r.nnr \'.j ol winged bean contain compounds that
interfere willi protein digest ion (NAS, 197ba). The dried 
seeds were found to contain powerful trypsin inhibitors
(Hot t iarache 1 y o/ a I., 197ft).

A d i m o r u h  (1 979 ) r e p o r t e d  toxic and
pharmaceut i c a  1 ly ar.:l i ve c o n s t  ituenl s including
agglutinating and anti-triptir factors i n the seeds and
cyanide in the stems.

Singh et al. (1907) reported the specific
haemagglutinating activity, trypsin inhibitor and saponin 
content of winged bean seed as 3.92 Hua/q sample.



Harder (1994) reported accumulation of aluminum in 
the edible parts of the winged bean plant.

Kadam et al. (1987) found that processing methods 
eliminated substantial amounts of tannins, phytates,
protease inhibitors, haemagglutinins and saponins.

Jack bean mean contains a thermo labile toxic
principle (lectins) causing hemorrhage of the mucous 
lining of the stomach and of the intestines (Indira,
1988) .

Oxalates known to interfere with Ca absorption by 
forming insoluble salts with calcium. Dietary oxalates 
can be absorbed and contribute to increased excretion of 
oxalates in urine. High oxalate excretion may predispose 
to oxalate crystals leading to urinary stories.

Srikanlha of al. (1970) reported that the anti 
nutritional factors in winged bean except that tripsin
inhibitor act.i vit y has been found and some tannin is 
present in the peel.

NUTRITIONAL IMPORTANCE OF ROOTS AND TUBERS

Underground tuber:; are storage organs occur at; 
higher biomass in drier sites because they store food and 
water during periods ot elimut ic stress (Andersen, 1987).

Tubers of Amorphopha1lus, nanlhosoma, are 
considered very nutritious and are consumed in various 
ways in several parts of the country.

Coco yam, taro, yam bean and elephant foot yam are 
the important minor tuber crops. This group of crops has 
the potential to produce significantly high amount of 
food per unit area.

The calorific yield per unit, area of these crops 
is comparat ive 1 y high because they are more efficient in



converting atmospheric Co2 into carbohydrates (Dh^ankhar, 
2001).

CHO are ordinarily the cheapest form of calories 
and supply the bulk of calories. Majority of the root and 
tuber crops are rich sources of carbohydrates, which are 
mainly the fuel that provides bulk to the diet and energy 
to keep the body engine running.

The carbohydrates synthesized and stored in the 
form of starch in the underground tubers and roots 
provide necessary energy in human diet.

According to the FAO, about 400 million people of 
26 tropical countries get approximately 300 Kcals per day 
from tubers alone (Ghosh, 2001).

Tropical roots and tubers are categorized as 
energy rich fond crops due to their high starch content.

Root crops are important energy sources which arc 
very easy to produce arid the tubers used as food, as 
animal food and also being increasingly used as source of 
raw material in certain indust ries (Mandal, lhh3).

In average diet in India, roots and tuber crops 
account for only 2.3?, ol the calories derived from 
cereals and 1.47. of the calories derived from total food.

Kesi.de:; providing energy, fats mainly help to 
provide tasks and flavors, which make the carbohydrate 
and protein palatable and fit to eat.

The commonly consumed minor roots and tubers are
1. A m o rphopha11us/Klephant foot yam
2. Coleus
3. Col ocasia/Taro
4. Canna
5. Yam/Dioscoria
6. Yam bean



Nutritional composition of commonly consumed roots 
and tubers are showed in the table.

NUTRITIONAL EVALUATION OF ROOTS AND TUBERS

Secondary tubers (off shoots of the main tubers) 
are important carbohydrate foodstuffs and are boiled or 
fried and used as a table vegetable.

Tropical roots and tubers are categorized as 
energy rich food crops due to their high starch content 
yam (18-25%) and aroids (19-21%).

The tubers are reported to have a starch content 
ranging from about 10 to 25 per cent, which is easily 
digest i ble.

The yields of starch varied from 7 to 14.3%. The 
starch content in Amorphopha11 us is reported by the range 
is 4-18 per cent (Kay, 1 975; Ra j endran cL a I. (1 977).

Arrow root is most famous for it's tine, easily 
digested starch which is exported due to its high price. 
Taro is rich in starch, lew in prole.in and tat. Taro 
starch can be used in baby foods, hypoa 1 1 ergon ic foods 
and as a cereal subst iluto in diet:; I oi victims of ce 1 i ac 
disease (MAP*, 19/5).

The dietary fiber content in white yam has been 
reported as 16.9% and white yam diets may protect against 
cancers of the colon and rectum (Phnnknr, 2001).
Protei n

The tubers contain 2-3% protein but are deficient 
in lysine, methionine and cysteine.

In coleus tubers Indira and Kurien (1973) 
registered a range of 8.3 to 8.7% proteins, Hrish and 
Mohankumar (1976) recorded 1.4% protein and Rajmohan 
(1978) recorded 1.42% protein.



Hinged bean tubers have a protein content of 8-20 
per cent.

In amorphophallus tuber protein varied from 5.63 
to 10.50% in different portions of tubers (Shanmugam 
et al., 1975) .
Fat

As fat content is very low in roots and tubers no 
studies are included. The range being 0.1% in coleus to
0.7 in Trapa.
Vitamins and minerals

The tubers are reported to be rich in vitamin A, R 
and minerals like Ca and P (NAS, 1975).

Sarnaik and Peter (1976) reported that corms of 
colocasia contain 1.7% minerals and appreciable 
quantities of Ca, I’, K and vitamin like A and Bj.

Taro, yam and Amorphophallus are rich in R-complcx 
vitamins like Ih and B2 •

Amorphophallus, yam bean rich in minerals like C a .

ANTI- n u t r i t i o n a l , f a c t o r s  i n  r o o t s  a n d  t u b e r s

Som<* ol iln* an! i-nut ril ional components such as 
digest ive enzyme inhibitor in taro and acridity 
principles in aroids are ident i f i ed and they can be 
reduced to safe limits through effective processing 
techniques, such as, removal of thick layer of skin and a 
longer period of cooking (Dhankhar, 7001).

Kortt (1980) indicated that the anti-nutritional 
factors in winged bean tubers have been found that some 
tannins are presented in the peel.

Seal (1970) reported that Amorphophallus tubers 
contain oxalic acid, which should got rid by thorough 
boiling and washing.



i SI,
! No.

Name o f  the vegetable Moisture
(a)

Protein
(S)

Fst
i (a)

Minerals
(r)

Fibre
(r)

CHO
(R)

Energy 
(KC al)

Ca
(mg)

P
(mg)

Fe
(mg)

Rich In

1 Amorphophallus 73.7 I i : 1 0 1 0 8 0 8 18 4 79 50 34 0.6 Ca
2 Coleus 77.6 i 1 5 0 1 0 9 0 4 19 7 - - - - Fair CHO
3 Coiocasia 73 1 1 3 0 0 1 1.7 1 0 21 1 97 40 140 0.42 CHO. Ca
4

Canna 7.3 1 1 I 0 4 19 0 5 24 - 20 to 0.5 Fair CHO
5 Yam 69.9 1 4 0 1 1 6 1 0 26 0 I l l 35 20 1.19 CHO, Energy, 

Fe
1 6 Xanthosoma 70-77% I I 3-3 7 0 2 - 0 6 17 - - to - Fair protein



Vitamin content o f  m inor  tropical roots and tubers

i SL 
I No.

Name o f  the Carotene Thiamine
(mg)

Riboflavin
(mg)

Niacin
(mg)

Folic acid Vitamin C Rich in
vegetable (H g) Free Total

1 1
Amorphophallus 260 0 06 0.07 0.7 m - 0

2 Coleus * - - m * * m

1 3 ! Colocasia 24 0 .09 ' 0 1 • o UJ 0,4 16.0 54.0 0
1 4

Canna m - - - m -

| 5 Yam 78 0 08 - 0.7 0.9 17.5 -

6 ! Xanthosoma - - - m -

I ?  i Yam bean



Cyanogens occur in some tuber crops. They are 
dhurrin and linamarin, cyanogens are glycosides that 
readily yield HCN and causes dysfunction of the central 
nervous system, respiratory failure and cardiac arrest 
(D'mello, 2000).

THERAPEUTIC SIGNIFICANCE OF VEGETABLES

The main purpose vegetables in a human diet are 
they embellish the existing diet with nutrients, enrich 
the staple main food, make it more palatable and improve 
the digestion and sometimes they have a curative action. 
Consumption of diets rich in vegetables had a decreased 
risk of cardiovascular diseases, hypertension and certain 
forms of cancer (Ames et al., 1993).
This protective action ot vegetables can be attributed to
1. The presence of increased dietary fiber 
2 . fd oar;I i ve p r i no i p 1 es
3. The presence ot protective micronut rient;s such as 

vitamin A, K, C arid So.

I. DIETARY FIliHK

Th'* diftary 1 i b<*r prot eel s against colon cancer 
have been suggested by several mechanisms.
1. By increasing fecal bulk, which in turn dilutes the 

concentration of carcinogens in the feces.

2. By changing bacterial composition in the colon, which 
leads to deactivat ion of carcinogenic metabolites.

3. By binding carcinogens in the bowel.

4. By lowering the fecal pH.

5. By inducing structural, functional and chemical 
changes in t lie gut mucosa including altering rates of 
cell proliferation.



6. By inhibiting the production of butyric acid, a 
differentiating agent that also serves as an energy 
source for cell proliferation.

7. By altering bile acid metabolism.

8. By accelerating the fecal transit time.

It is insoluble fibre, which includes cellulose, 
lignins and some hemicellulose, which is responsible for 
decreasing risk of colon cancer.

It is found in abundance in the skin of 
vegetables. Thus a diet rich in vegetables is 
recommended.

11 . BrOACTIVl-J PRINCIPLES FOUND IN VEGETABLES I

Plant, foods such as vegetables are an important 
group with ant icarcinogenic effect. Their anti- 
ca rc i nogen i c act i v iIy can be a t L r ibufed to
1. Inhibition of bacterial conversion of nitrates to 

nitrite the precursor of nitrosamine.
2. Act ivut ion of the detoxitic.it ion enzyme system.

1 .  D I T U  l O I . T i i  IONK.*'. A N D  1 NOTli  I O C Y A N A T K S

They are found in cruciferous vegetables. They 
protect against cancer by (a) inhibiting enzymes that 
activate carcinogens, (h) by inducing detoxifying agents 
(Abdullaer, I 991) .

2. PHYTO OF.PTROGPMS

Includes isoflavonnos and lignins which are found 
in certain legumes. They can be eliminated by modern 
milling techniques.



Lignins are important since they are anti
proliferative and growth inhibiting.

They are weakly estrogenic and can compete with 
steroid hormones for various enzymes. They also stimulate 
production of sex-hormone binding globulin in the liver 
(Abdullaer, 1993).

3. FLAVONOIPS

They found in certain vegetables. Quercetin, 
Kaemferor and myricelin are flavorines widely distributed 
in vegetables.

Flavonoids in general function as potent anti
oxidants and thus decrease cancer risk in humans.

4 . PROTEIN I N H I  HITORS

They are widely distributed in certain legumes. 
They inhibit tin' act ion of protease enzyme, which is 
believed to contribute to the invasive capacity of some 
cancer c e 11s .

0. PHYTIC AO I I) ( I NON I TO I, HEXAPIIOSPHATK)

If fr>iind in certain pulses. It is thought to 
control cell prolifnrut ion.

6. GI.UCOS I NOI.ATK.g

Found in cruciferous vegetables i3 the most 
important intracellular ant i-oxidant.s protecting the 
cells against free radicals (Frances chi, 19Q1).

7. SAPONINS

Are found i ri some legumes like soyabean.



They exhibit cytotoxic effects and growth 
inhibition against a variety of cells. They bind to bile 
acids and reduce their recirculation. They have known 
mutagenic inhibiting activity in animals (Birt and 
Bresnick, 1991).

The bioactive components, their sources and
mechanism of action are shown in the table.
Component Source Mechanism of action
1. Dithiolthiones 

and
Isothiocyanates

Cruciferous vegetables Inhibit enzymes 
Activates detoxifying 
factors

2. Phytoestrogens 
Isoflavonnes 
Lignins

Pulses and legumes Anti-proliferate 
Competes with steroid 
hormones
Stimulates production 
of sex hormone 
binding globulin in 
the liver

3. Flavonoids Vegetables, cruciferous 
vegetables and cucurbits

Potent antioxidants 
Inhibits protcase 
enzyme

4. Protease 
Inhibitore

Pulses and legumes Control cell 
Proli foration

5. Phytic acid Pulses and legumes Ant i-ox idanl 
Inhibits benzopyrene

6. G 1 ucos i n oi n t or. Cruciferous vegetables Activates glutathione 
enzymes

7. Saponins Legumes Anti-oxidants

III. MICRONUTRfENTS

The main micronutrients present in vegetables and 
fruits and showing strong anti-carcinogenic effect 
include
1. Vitamin A
2. Vitamin C
3. Vitamin E
4. Selenium



They act as strong anti-oxidants and are involved 
in DNA and cell maintenance and repair. They specifically 
protect DNA and cell membrane against oxidative damage by 
carcinogens like free 02 radicals, methyl groups and 
hydroxyl groups. These can react with proteins, DNA and 
RNA forming adducts. They can also saturate the double 
bonds of fatty acids of cell membrane thereby altering 
the structure and function.

The mi.cronut:rients scavenge these reactive groups 
and interrupt the oxidative chain reaction (Valsecchi, 
1992).

Selenium: The Se besides acting as antioxidant activates
the Se dependent glutathione peroxide, which in turn can 
act as detoxifying agents.

V i tarn i n A: a 1 so plays a role in regulation ol epithelial
cell differentiation and thereby control cell growth 
(Shibala, 1 992; P.indey, 1999).

Vitamin K: enhances tin* ant i-oxidat iv<> property of Se and 
carotene ids by keeping t h»*m in I li*’ induced state. It can 
also inhibit t h»> acl ion ol n i t rnsumines.

Vitamin C : a strong anti-oxidant decreases the risk of
cancer in animals. But since this is not synthesized in 
humans, the results of animal studies can not be wholly 
applied to human.

CONCLUSION

To conclude I would like to tell the range ot the 
nutrients present in the 3 groups of vegetables.



SL
No.

Minor vegetables CHO Proteins Fat Fiber Carotene Vh_
c

Fe Ca

1 Green leafy vegetables 23 - 1.7- 0.6- 0.6- 250- 3- 3- 73-
18.7 8.4 3.2 6.4 12000 247 28 1130

2 Other vegetables 2.5- 0.2- 0.1- 0.5- 24- 3- 0.3- 20-
10.8 3.8 0.4 4.8 198 120 1.7 120

3 Roots and tubers 1.7- 1.1- 1.1- 0.4- 0.1- 24- 0- 0.4-
260 3.0 3 0 1.0 0.4 78 5 1.19

(NIN, 1999)

It has been indicated that almost all the vital
nutrients are rich in green leafy vegetables when
compared to other two groups. Duo to unawareness or non- 
preference people are ignoring these green leafy
vegetables. Go by encouraging nutritional education 
programmes and producing these vegetables at household
levels by kitchen garden can improve the consumption
level as we 1 I nr; hen It h status ol the individual .

Malnourished children will be a burden to the 
nation. Fortunately I lie importance ot vegetables for
nutrit ional securing and health is becoming better 
accepted now a day. Among the vegetables minor tropical 
vegetables arc* I he best answers to micronutrient 
do f j c i eric i es .

K'/'ti t hough I r act ional guant it ies ot anti-
nut rit ional factors present in these vegetables they do 
not affect the healthy individuals which are in very 
minute quant it ies.

The consumpt ion of t.hnso vegetables promotes the
health of the individuals protect ing them fiom various
degenerative diseases by having the an t icarci noqeri ic 
substances. Goon level of those vegetables has to be 
Increased by giving nutritional education to the people.

■
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DISCUSSION

1. What is the relation between dietary fiber and 
diabetes?

Dietary fiber and complex carbohydrates benefit Type I 
and Type II diabetics. Such diets lower

1. Insulin requirements
2. Increase peripheral tissue insulin sensitivity
3. Decrease serum cholesterol and triglyceride values
4. Aid in weight control and
5. Lower B.P.

Soluble libers such as pectin, gums, hemi cellular (in 
fruits) increase intestinal transit Lime, delay
gastric emptying slow glucose absorption and lower 
serum cholesterol. Insoluble liber such as cellulose 
and ligriin (vegetables, grains) decrease intestinal 
transit time, increase faecal bulk, delay glucose 
absorption and slow starch hydrolysis. Diets high in 
carbohydrate and fiber improve glucose metabolism 
without increasing insulin secretion. They lower
fasting serum and peripheral insulin concentrations in 
response to oral glucose administration in both
diabetic and nondiabetic individuals.

High fiber diets promote weight loss. They increase 
satiety, delay gust r i c emptying by releasing certain 
gut hormones. Krem high 1 iber 1 oods starch, tatty 
acids end nit rogen may bo less we 1 1 absorbed. Also 
high f i b o T I nod:: t .it*' 1 ongo r I n eg t .

Fenugreek S " ‘'ds, which contain high t iber, are useful 
to diabet ics. ft contains mucilaginous liber and total 
fiber to I In' extent of 20 per (’ent and SO per cent
respect ively. In add i I ion, it also contains 
trigonelline - an alkaloid known to reduce blood sugar 
1 eve 1.

2. What is the role of dietary fiber in preventing 
cancer?

A . 1. Fly i ncrnas i rig f oca 1 bu 1 k
2. By changing bacterial composition in the colon
3. By binding carcinogens in the bowel
4. By lowering the fecal pH



5. By inducing structural, functional and chemical 
changes in the gut mucosa

6. By inhibiting the production of butyric acid
7. By altering bile acid mechanism
8. By accelerating the fecal transit time

3- There are so many major vegetables? Why should we go 
for minor vegetables?

A. 1. Relatively less costly and nutritious
2. To add variety to our monotonous diet
3. Due to their an assumed way ol production
4. There response to basic health needs and
5. We will be having wide range of choices

4. How you classified these minor vegetables?

A. Based on the commercial utilization ol vegetables I 
have classified these vegetables into 3 groups that is

1. Green leafy vegetables 
2 . Ot he r veget ab 1 es a rid
3. Roots and tubers

5. What are . j ] ] minor vegetables, which are bt ing grown
i ri KHDP?

A. All most all the minor vegetables 1 i la1 eowpea,
pumpkin, coriander, ponnaganni, wafer leal, 
che k kn rm-i ri i s , curry leaves, nksharukeera, tamarind, 
mint, clove b'sin, hyacinth bean, winged bean, bitter 
gourd b  r:. ar<« being grown in KHDP.

f>. Which v e g ( < table is grown in A. P., which is not being 
grown in Kerala?

A. Gogu - Rose 1 le - Hibiscus is being grown in Andhra
Pradesh. Which is not being grown in Kerala.

/. What is t tie difference between field bean, hyacinth
bean and dolichos bean?

A. The throe are synonyms for the same vegetable.



8. Is there any seasonal variation among these 
vegetables?

A. Yes. In summer the nutritive value of these vegetables 
is more when compared to other seasons. Because in 
rainy season because of the water content the 
nutrients gets diluted and these hyacinth bean and 
winged bean are the short day plants.

9. Even though Africans are eating dietary fiber in their 
diet still they are getting colon cancer why?

A. It is due to certain unknown food substances in their 
diet contains cerLain toxic alkaloids, which arc 
responsible for colon cancer.

10. In which for.-Vitamin A is present, in vegetables?

A. Vitamin A is present in the form of B-carofene, which 
is the precursor of vitamin A and helps in the 
synthesis of vitamin A in our body.



ABSTRACT
India has made a commendable progress in vegetable 

production, securing the position of second largest 
vegetable producer in the world next to China. But the 
consumption of vegetables is only 210 g/capita/day against 
the minimum requirement of 285 g/capita/day for a balanced 
diet. As the dietary pattern in India is changing day-by- 
day, people wants to change their food habits along with 
their way of living. In such circumstances a new range of 
minor tropical vegetables arc catching the attention of
growers, retailers and consumers (Chaurasia and De, 2001).

Minor tropical vegetables include drumstick leaves; 
curry leaves, bottle gourd, ridge gourd, dolichos bean, 
coleus, arrowroot etc. This group of vegetables plays an 
important role in the diet of human beings by providing
vital protective nutrients, which promotes the heath of 
the individuals (Manay and Shadaksharaswamy, 1987).

Consurnpt ion ol diet rich in minor tropical
vegetables had a decreased risk ot cardiovascular 
diseases, diabetes and cancer due to the presence ol some 
ant i ca r r: i n o g e n  i o subs! anoes (Ames el a/., 199.1).

Kven though tin* vegetables contain some anli- 
rmt rit 1 oria 1 compounds l he consurnpt inn o ! t hose vegetables 
may supply vital mil r e n t s  important tor human health 
(Girigh and be, 2000).

In order to recognize I hi' potent iai of under 
utilized vegetable crops, there is a need to broaden the 
range of plant species utilized by human being. The 
untapped potential should be recognized and we should
include these vegetables in our daily diet. It is, thus, 
imperat. i ve that required thrusts must be given to the 
under utilized plants in the national context for 
exploiting fruitful results in the future.
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I . Introduction
India is a developing country where the chance of 

malnutrition is high. Assessment of nutritional status of 
community is one of the first step in the formulation of 
any public health strategy to combat malnutrition. 
Nutritional status is the condition of the body resulting 
from the utilization of essential nutrients available to 
the body. The principle aim of assessment of nutritional 
status is Lu determine the type, magnitude and 
distribution of malnutrition in different geographic 
areas, to identify the at risk groups and to determine 
the contributing factors of malnutrition. In addition, 
factual evidence of the exact magnitude of malnutrition 
is essent i a i r o sens i t i ze adm i ri i st raters and po 1 i t: i c i ans 
to obtain allocst ion of materials and human resources and 
to plan appropriate inlervent ion strategies (Jell if fee, 
106 6) to overcome tin* nut rit ional problems.

Hut r i t i o r i a l  s t a t u s  may he g o o d ,  opt i mum o r  p o o r  

d e p e n d  1 ng on t h e  i n t a k e  of  d i e t a r y  e s s e n t  i a l s ,  r e l a t i v e  

n e e d  f o r n u t r i e n t s  a s  w e l l  .is. b o d y ' s. a b i l i t y  t o  u t i l i z e  

t h e  d i f f e r e n t  n u t r i e n t s  ( Ham j i , 1 0 0 6 ) .

II. Methods of assessing nutritional status

Nut rit i (>na 1 st at us

1
Direct methods Indirect methods



Anthropometric measurement Vital statistics like

Diet survey Mortality rate

Clinical examination Morbidity rate

Biochemical examination Fertility rate

Biophysical and Radiological 
examinations

A. Direct methods

i . Anthropomotrie measu rements

Anthropometry has been accepted as an important 
tool for the assessment of nutritional status. It is the 
measurement of human body at various ages and levels of 
nutritional status. According to Vjjayaraghavan (1887) 
and Charma and Ka 1 i a (lh'i(j) anlh ropomet r 1 c measurement is 
a simple, useful, pract ica1 index ol nutritional status 
and has be on widely used to assess the nut r it. i uri.j 1 
s t a t u s .

T h e  most romrriMn I y u s e d  m e a s u r e m e n t  s In  r out  i no s u r v e y s  
a r e

a) Body weight
b) Crown hen 1 length or .standing height
c) Mid-upper arm circumference
d) Fat fold at triceps
e )  C i r c u m f e r e n c e  o f  h e a d  and  c l ien t

Body weighI

Body weight is t tie most widely used and simplest 
reproducible anthropometric measurement, tor the



evaluation of nutritional status of young children
(Swaminathan, 1987, Rao and Vijayaraghavan, 1996). Body 
weight indicates the body mass and is a composite of all 
body constituents like water, minerals, fat, protein, 
bone etc. Changes in the nutritional status can be
measured by serial measurement of weight rather than a 
single measurement at a point of time. Salter scale is 
used for infants and personnel platform weighing balance 
is used for adults for measuring the body weight. 
Comparison of weight for age values with regional
standards at corresponding ages would help to determine 
the degree of under weight in a community (Gopaldas and
Seshadri, 1987).

According to Rao and Vijayaraghavan (1996) body
weight is very sensitive even to small changes in the 
nutritional status. After measuring the body weight it 
should be compared with the reference regional standards 
to know » hr* i ypo of mu 1 nut rit ion.

Reference st • iridards

Ant h ropom«'t rio measurements obtained on well to do 
children of elite parents are usually treated as
reference standards.

WHO (1983) suggested following clitoris for the reference
3tarida rds

a) Measurements should relate to a well nourished 
population

b) The sample should include at least 200 children in 
each age and sex



c) The sample should be of cross sectional in nature
d) Measurements should be carefully made
e) Measurements should be recorded by trained observers

In India Vijayaraghavan et al. (1974) and Ghosh et 
al. (1977) collected some anthropometric data on large 
number of well to do children attending public schools 
catering to elite segments of the population. The 
measurements of British children reported by Tanner et 
al. (196b) those of Dutch children reported by Wieringer 
(1972) those of American children reported by NCHS 
(Hamill et al., 1979) are the useful international 
reference standards.

After comparing the weight with standard reicronce 
weight the subjects cun be classified into different 
degrees of rnalnut rit ion. The important, cl as si 1 i cat. i ons to 
group the subjects bused on weight for age suggested by 
Gomez o t u I . , 1999) und Indian Academy of Paediat. ries
(1972).

Gomez classi f nut ion

< 60% weight for age 
61-79% weight for age 
76-90% weight for age 
> 90% weight for age

Grade i i i ma 1 nut rit: i on 
Grade I I m a 1 nut rit ion 
Grade I ma 1 nut: rit i on
Norma I

The weight of age classification is age dependent 
and if will give t lie index of current nut rit ional status 
of the individual.

«



Height

Height deficit is an indicator of long term
potential malnutrition. The extend of height deficit in 
relation to age as compared to regional standards could 
be regarded as a measure of malnutrition (Gopaldas and 
Seshadri, 1987). Among the environmental factors which 
influence the height of an individual nutrition and 
morbidity are very important because inadequate dietary
intake and or infections reduce the nutrient availability 
at cellular level leading to growth retardation and
stunting (Rao and Vijayaraghavan, 1996). To measure the 
height of children L>e 1 ow the age of 2 years who cannot
stand properly, the recumbent length called crown heal
length should he measurer] with an i n fantomel e r . Tn older 
children and adult height is measured with a vertical
measuring rod railed anthropomotor.

The measured height can a Iso be compared with 
reference .standard and grouped on the basis ol the 
class i f i cat ion suggested by Kao (l(V/f>).

Height for ago classification by Kao (19 / h )
< 80% of tHe s t a n d a r d  : Poor
80-90% of the standard : Mild retardat ion
01-100% of the standard : Normal

This c 1 ass i f i cat i on will g i ve an index of past 
nutritional status of individual. Moth height for age and 
weight for age c 1 assificat ion are age dependent. Most 
often accurate assessment of age may not be possible. 
Weight for height is believed to be age independent. It 
is also shown to be a good prognostic Indicator



particularly in severe malnutrition and has often been 
considered as a good index of current nutritional status. 
This can be compared with standard reference and the 
results can be interpreted on the basis of the 
classification suggested by Waterlow (1972).

Weight for height classification (Waterlow, 1972)

< 75% weight for height 
75-84% weight for height 
85-90% weight for height: 
> 90% weight for height

Severe malnutrition 
Mode raIe
Marginal malnutrition 
Norma 1

This weight tor height classi1 icat ion will give an 
index of present <-jnd past nutritional status of the
individual. [ f we want to assess the duration ot
malnutrition wo can use another classification by Seoanc 
and I.atham (1971). This classificat ion is based on weight 
for age, height tor age and weight for height .

Nut r i t i oria 1 st.it us Height lor 
age

W<m  gh t t o r 
ago

Weight for 
he i ght

N o r m a 1 No rm. 1 1 Not ma 1 Norma 1
Past ehronio 
ma 1 nut r id i on

Low I ,ow Norma 1

Current short 
durat Lon 
ma I nut r it ion

Norma 1 Low Low

Current long Low Low Low
durat i on 
m a 1 nut rit ion

While ovaluat ing the usefulness of anthropometric 
measurements such as height and weight, Seoane and hat ham 
c iass I f i ca 1 i on was f ound t o be be tier as compa red t o 
Sastry and Vijayaraghavan (1971).



Body Mass Index

The ratio of weight/height2 referred to as Body 
mass index (BMI) provides a reasonable indication of the 
nutritional status of adults especially the chronic 
energy deficiency in adults. The BMI has a good 
correlation with fatness. It may also be used as an 
indicator of health risk. The following classification 
suggested by James et al. (1998) can be used to assess 
the chronic energy deficiency in adults.

BMI class Presumptive diagnosis
< 16.0 Chronic energy deficiency Grade III 

seve re
16.0-17.0 Chronic energy deficiency Grade 11 

moderat e
17.0-18.9
18.9-20.0

Chronic energy deficiency Grade T mild 
how weight: - normal

20.0-2,9. 9 Norma 1
25.0-90.0 Obese Grade I

Thus, BMI < 18.!) indicates under mil lit ion and
>20.0 in considered as uri i rid i color ot obesity.

Iri India, like* o t h m  developing countries 
prevalence r a t  a;; (J| over weight and obesity are high. For 
the assessment of I tie degree ot obesity ant hropomet r ic 
indices like weight for height (t ) and weight/heiqht2 are 
usef u 1.

In some countries like Czechoslovakia, Brokas 
formula, stating that. "Ileiqht in cm - 100 - ideal weight" 
has boon utilized for the assessment of nutritional 
status in adults. Actual weight of the individuals were



expressed in percentage of the ideal weight based on 
Broka's formula.

Weight for height (%)
< 80 : Under nutrition
80-120 : Normal
120-130 : Overweight
> 1 3 0  : Obese

Hid upper arm circumference

MUAC is an indicator of muscle development and
reflects protein calorie malnutrition of early child hood 
(Jell iffe, 1906 and Kamath, 1980). It is considered 
simple, useful and more feasible method to assess the
nutritional status ol children (Voorhoea, 1983 and Rao 
and Vijayaraghavan, 1990). Ordinary fibre glass is used
to assess the circumference. The mid upper arm
circumference is taken on the left h a n d  (in right handed 
people) mid w a y  between the t i p  of the shoulder
(acromium) ami t hr* t ip of I hr* elbow (olecranon) .

Mid upp e r  arm c i r c u m f e r e n c e  classificat ion among
pr esc hoo 1 chi I'Iren

^ 12. 0 cm : flevere malnut r it ion
12.6-11.9 : ModeraI e m a 1 mi t r i I i on
.>13.9 : Normal

Head and chest circumference

Head circumference relates mainly to size of the 
brain which increases rapidly during infancy. The chest 
In a normally nourished child grows faster Mian the head



during the second and third year of life. In a 
malnourished state due to the poor growth of the chest, 
the head circumference may remain greater than the chest 
(Rao and Vijayaraghavan, 1996). A flexible fibre glass 
tape is used to measure the head and chest circumference. 
If the head and chest circumference ratio (for children 
above 6 months of a ge).

< 1 : Normal 
> 1 : Malnourished

Skin lold thickness

This method is applicable to all age groups. Tt 
will indicate the present under and over nutrition. 
Measure the body composition obesity on adults and skin 
fold thickness with help ot skin fold caliper or 
harpender caliper. It is expensive and difficult to 
conduct i ri field.

The r-loss if ioaf ion based on skin fold f riceps. If 
the dPT is

be ve re ma 1 nut r i I i«. >n 
Moder.it e in.»1 mif r if ion 
M i 1d maI nut rlI i on 
Norma 1

^ 6 rn
60-90* 
80-90* 
90-110*

Thus, anlhropomet ry can be used to assess the 
type, extend and duration of malnutr.it ion in a community. 
Anthropometry is relatively efficient to detect 
individuals at high risk of morbidity associated with 
malnutrition. However there is still a debate as to which 
of the anthropometric parameters is the best and 
simplest.



ii. Diet survey

Diet is a vital determinant of health and
nutritional status of people. Diet surveys constitute an 
essential part of any complete study of nutritional 
status of individuals or groups and provide essential 
information on nutrient intake levels, sources of
nutrition, food habits and attitudes (Gopaldas and
Seshadri, 1987).

Diet survey include
1) F'ood balance sheet method
2) Inventory method
3) Weighment method
4) Expenditure1 pattern method
5) Diet, and history
6) Oral questionnaire method (24 hour recall method)
7 ) Dup 1 i ijrj t o sarnp I e
8 ) Die f  a r  y  sco r « * met hod 
9) Recording method

a. F'ood balance sheet method

This method is employed when 
regarding the availability of food is 
level - country, region etc. i.e. is 
leve1.
Pereap! t a ava i l ab ij i ty per day (g )

- stocks at the beginning of the year + total food
produced t imports - stocks at the end of the year t
exports t seeds » cattle/poultry feeds » wastage
+ Mid year population x 36.9 days.

the i nformat ion 
needed at macro 
at. the national



The data from FBS thus tells us the food available 
at country or regional level but not the food actually 
consumed by the people. In this method there is no way of 
assessing the wastage of food that takes place from 
retail level to consumption level and no allowance is 
made for inedible portion of food which is discarded. 
They are of little use in health and nutrition workers 
but essential for policy makers and administrators.

b . Inventory method

This method is often employed in institutions like 
hostels, armybarracks, orphanages, old age homes etc 
where homogeneous groups of people Lake their meals 1 rom 
a common kitchen. Here, a record related to the amount of 
food used in the kitchen should maintained and the
average intake ol person per day is calculated as follows

Stocks at tie1 beginning of the week - stocks at the end
of the week total number ol inmates partaking the meal x 
No. of days o| survey.

Tfi i s rnel hod I i ke t tc1 FBS method provides an 
estimate of t tie food avai lable rather than the food 
actually consumed. Lapses in recording the "issues and
receips" adversely affect the computations. This method
is possible only when the community is fairly educated.

c . Wej gh me n t me t hod

In this methods foods are actually, weighed by 
using an accurate balance. This method is used for
weighing raw and cooked foods. Weiqhment method of diet



survey according to Gore et al. (1977) could have 
accurate values of dietary intake. According to 
Swaminathan et al. (1967) and Thimmayamma and Rao (1996). 
It is ideal to conduct the survey for seven consecutive 
days to capture a true picture of the diet. However Rao 
(1975) states that any single day or two day weighment 
method would be as efficient a tool as that of 7 days.

Calculation procedure for weighment method

Individual intake in Total raw amount of
terms of raw equivalent = each ingredient (g)

  x

T o t a l  c o o k e d  amount  (g) 
___________________________i n d i v i d u a l  i n t a k e  o f  c o o k e d  .-j mount  (g)

T h i n  me t hod  i s  t ime c o n s u m i n g  and n e e d s  c o 

o p e r a t i o n  o l  t h e  h o u s e w i v e s  t h r o u g h o u t  t h e  s t u d y  p e r i o d .  

T h i s  met hod w i l l  g i v e  an i d e a  a b o u t  a c c u r a t e  amount  ot  

f o o d  c ons ume d by  i n d i v i d u a l .

d .  Or a l  qi j fs. t  i o n n a i r e  me t hod  (1M h o u r  r e c a l l  met hod)

f r i * tiii method a set ul  s. I anda i d i zed c u p s  suited 
to local condil ions are used. Here, respondents are asked 
about the food he had eaten in the previous day. By this 
method we wi 1 1 get an idea about the preparation he had 
made for breakfast, lunch, tea and dinner and the amount 
of raw ingredients used for each preparation. The cooked 
foods are weighed by standard cups. The calculation 
procedure of oral questionnaire method is similar to that 
of weighment method. A thorough knowledge of local 
measures and the method of preparation should be gathered 
by the investigators for obtaining a realistic picture of



the food consumed. By this method we will get the 
accurate amount of food consumed by individual.

e . Expenditure pattern method

In this method money spent on food as well as non 
food items is assessed by administrating a specially 
designed questionnaire. The reference period may be one
month. This methods avoids actual weighing of foods, 
needs more Lime as additional data on price of individual 
food items and qualitative aspects of diet becomes 
necessary for obtaining a realistic picture of community.

f. Diet history

T h i s  me t hod  i s  u s e f u l  f o r  o b t a i n i n g  q u a l i t a t i v e

d e t a i l s  o f  d i e t  and s t u d y i n g  p a t t e r n s  o f  f o o d  consumpt  i o n  

a t  h o u s e h o l d  o r  i r i d u s t . r i . i l  l e v e l .  The  p r o c e d u r e  i n c l u d e s  

a s s e s s m e n t  of  t h e  f r e q u e n c y  o f  c o n s u m p t i o n  ol  d i f f e r e n t  

foods, d a i  l y  o r  number  ol  f imps in a week o r  f o r t n i g h t  o r  

o c c a s  i on a 1 l y .  T h i s  me t hod  h a s  b e e n  u s e d  tv'  s t u d y  ( i )  Meal  

p a t t e r n  ( i i ) d i e t  a r y  fi . ibi t s  ( i i i ) p e o p l e s  f o o d  

" p r e  f or er n *- ” and " a v o i t l a m  . Pl iys  i nput  ho l o g i c a l  

cond i t i o n s  I i p r e g n a n c y ,  1 . i c t . i t  i nn and s i c k n e s s  e t c .

g. Duplicate sample

T ri f h i s  mot hod t he i nd i v i < lua 1 i s  i e fer red t o save 
a duplicate sample of each type of food eaten by him 
during the day. These samples are then collected and 
analysed in the laboratory for the chemical constituents. 
It is the most accurate method but. is costly and needs a
good laboratory support (Bam) i, l c*(Ui ) .



h. Dietary score

This method involves assigning an arbitary score 
to the foods on the basis of its nutrient content. The 
frequency of consumption of foods and the total score and 
percentages are calculated. The values of this 
qualitative assessment method is enhanced when it is
combined with quantitative method of survey and 
nutritional status assessment (Bamji, 1996).

i . Record i rig met hod

It involves the maintenance of dietary, records of 
weighed quantities of foods consumed by an individual or 
family according to number of days of survey. In this 
method largo sample can be covered in a short I ime 
(&amj i, 1996).

F.vori the best of diet surveys give only an 
approximate est imale of foods and nutrients consumed but 
not t fie amount absorbed or ut i 1 iced.

i i i .  B J O a i K M K V W .

H i ochom i Cri J measurement represent s the most 
o b j e c t i v e  assessment of the nutrit ional status of an 
individual frequently providing pro or subclinieal
information. There are several biochemical indicators of
malnutrition specific for different nutritional 
deficiencies. In most instances nutrient intake are
reflected in thnir levels present in blood/serum or 
urine. Biochemical changes will proceed the clinical



symptoms. So that they may be used as early indicators of 
malnutrition (Bamji, 1996).

In biochemical method we usually measure the 
amount of nutrients present in blood and urine, amount of 
abnormal metabolite, changes in the activity of enzyme 
and changes in the blood component.

Discussed below are the biochemical indicators for 
certain nutritional disease commonly seen in our country. 
Protein energy malnutrition (Gopaldas and Seshadri, 1987)

Nutritional
deficiency

Indicator Age Serum 
Albumin 
level g/100 

ml

Inference

Protein energy Scrum albumin 1-5 < 2.8 High risk
malnutrition and serum years -iV J Medium risk

transferrin *>J Low nsk

V i t ami n A d e f i c i e n c y  ( G o p a l d a s  and S e s h a d r i ,  1 9 8 7 )

Elvaluat i on ol s e r u m  vi I rim in A levels

Meunurement 
i ndex

Less t h.in 
(at

be f i c i out 
(high risk)

ucoi «p| , ih 1 e
risk)
Low (medium 

risk)

Acceptable
(low risk)

Plasma retinol 
(mcg/d1) (all 
ages)

'' i n 1 n - 1 9 > 20

Plasma carotene — 20-99 > 40



Anaemia

WHO criteria for the diagnosis of Anaemia

Determination Levels of considered 
Aanemic or iron deficient

Hb (g/d/venous blood)

Children aged 6 months to 6 
years

< 11

Children aged 6 to 14 years < 12

Adult males < 13

Adult females - non pregnant; < 12

Adult females - pregnant < 1 1

Serum iron adu11s (meg/100 ml) < 50

Transferrin s u t u r a l  i o n  ( 1 )  
AduIts

v 15

i v .  C U N I C A l .  KXAMF NATION

Clinical e x u m i n u t  i o n  i s ,in i m p o r t a n t  praet i ca 1
method f o r  ussr - ss  i ng the n u l r i l  ional st at us of  rommumt y.
The method f o r  clinical examinat i on  i s  usually based on
examin'd i on f o r  changes, bol i eved I o he a r e l a t e d  to 
inadequate nutrition, thut can be seen or felt in 
superficial epithet ical tissues, especially the skin, 
eyes, ha i i and buccal mucosa, 01 in organs near t lie
surface of the body such as purot id and thyroid gland. 
Clinical oxaminaf iori of a community can give valuable 
Information to the public health worker, especially in 
regions of the world where malnutrit ion is wide spread 
( B u m j i ,  1 9 9 6 ) .



According to the report of the WHO Export
committee on Medical Assessment of Nutritional Status,
the signs and symptoms that are considered to be of value
in nutritional assessment and recorded on follows.

Signs known to be of value 
 _______________________________ in nutrition surveys__________

Lack of lustre 
Thinness and sparseness 

- Straightness 
Flag sign 
Dyspigmenlation

Diffuse dyspigmentation 
Naso-labial dyssebacea
Moon face_______________
Pa 1e con j u nctiva 
Bitot spot
Con j u nc ti v a 1 xerosi s 
Co r n e a 1 x erosis 
K e  r vi t o m a  1 a e  i a 

Ko i 1onych i a
Xerosi s
Folliculur hyperkeratosis 
Pel lugrons dermatosis 
F l a k y  p a i n  d e r m a t o s i s

Various non nut r i t ional environmental influences 
may be responsible lor ident ica1 appearances. Further 
most signs of mol nut ril ion .ire not specific to lack ot 
one nutrient and can oft on be produced by various non 
nutritional factors. The interpret at ion of clinical signs 
can be best made by using a 'grouping of sings' which 
have been commonly form a pattern as associated with 
deficiency of a particular nutrients.

The following section discuss is I he grouping of 
clinical signs and their interpretation with respect to

Face

Eyes

Ma i 1 s 
Skin



certain nutritional deficiency diseases (Gopaldas and 
Seshadri, 1987).

Nutritional deficiency Clinical symptom
Protein calorie malnutrition Oedema

Dyspigmentat ion ot the hair
Thin sparse hair
Muscle wasting
Moon face
Hepatomegaly

Vitamin A deficiency Bitots spot 
Conjunctival xerosis 
Corneal xerosis 
Kerato malacia 
Folicular hyperkeratosis

Iron deficiency Pa 1 e con j unet. i v.j 
Ko i loriych i a 
At rophic 1!ngua1 
1 ’ap i t 1.ic

v .  B i o p h y s  i < m I . i i id Krj< 11 <) 1 ( h j i (:, i I ( im i n. 11 i o n s

In s pot ' i  l i e  s  I u< 1 i e s  w h e n '  wo rt' i ju i ro add it i on. i l  

i n format i oris I i k * * c h a n g e s  in bonr'  c ■» r in m u s c u l a r  and 

p h y s i c a l  p e r f o r m a n c e  l i k e  in b e r i b e r i ,  t i c k e t s  e t c . ,  

t h e s e  m e t h o d s  c a n  he u s e d .  In rout  i n e  s t u d i e s  t h e y  a r e  

not  u s e d .

Among t tie direct methods c I i n i ca 1 examination and 
nutritional anthropometry are commonly used in routine 
surveys, since they are relat ively simple, specific and 
sens i t i ve in romrnun i t y s i tuat i ons and do not ca 11 for



sophisticated equipment. No single method can produce a 
complete picture of nutritional status. So we have to use 
a combination of methods depending upon the objective of 
the study and the resources available.

B. INDIRECT METHOD

In indirect method we measure the vital statistics 
like, mortality rate, morbidity rate and fertility rate 
(Gopaldas and Seshadri, 1987).

i . Mortality rate

Death rate is defined as number of deaths per 1000
estimated mid-year population in one year.

Number of deaths during the year
Death rate ---------------------------------------  x 1000

Mid y e a r  p opu 1 a t i on

i i . Maternal Mortal it y rate (MM8) : It is the number of
deaths from puerperal causes per 1,000 1 ive births.

iii. Infant mortality rate ( 1M K ) : It is the number of
infant deaths under one year of age per 1000 live births
in any popuI at inn in one year.
i v . Still birth: It is the f oet a 1 deaths occu r r i ng alter
28 completed weeks of gestation.

Conclusion

Like this various indirect measures like incidence 
rate, prevalence rate, under birth rate etc. can be used 
indirect parameters of nutritional status.



All measures of nutritional status have certain 
advantages. They serve as short hand indicators of 
health, welfare and survival of individuals of 
communities. Most of the measures are quite cheap. It is 
easier to collect information with respect to these 
measures than on other indices like poverty level of 
housing or sanitation and hygiene. But all measures have 
their limitations too. Indications have to be selected in 
relation to the system to be studied. The criteria 
involved in selection ot the parameters tor monitoring 
and evaluation in nutrition are specificity, sensitivity, 
simplicity and economy.



References
Bamji, M.S. 1996. Biochemical Tests for the Assessment of 
Nutritional Status. Textbook of Human Nutrition. (eds. 
Bamji, M.S., Rao, N.P. and Reddy,V.). Oxford and TBH
Publishing Co. Pvt. Ltd., New Delhi, 136-147

Ghosh, S., Hooja, V., Mittal, S.K. and Ramanujacharyulu.
1976. A longitudinal study of growth from birth to 6 
years of age in a high income group in Delhi. In: New
Developments in Pediatric Research, Ed. Ghai, O.P., 
Vo 1.1, InterprinL, (New Delhi): pp. 91.-101

Gomez, P., Ramos, G.R., Prink, S., Cravioto, J., Chavez,
R. and Vazquez. 1 956. J. Mortality in second and third 
degree malnutrition, J. Trop. Rediair. 2:77-83

Gopa 1 das, T . a rid Seshad r i , S . 1 98 7 . Nu i r i t i or, Mon i t o r i nq
and Assessment. Oxford University Press, Delhi, 189-194

Gore, A. P., Til vo, G. and Kulkarrii, M. 1 977. Nutritional 
status of tribes in the Iridravati rive a s m .  Indian J.
Nutr. Dietetic::; 14:167-172

Hamm ill, P.V.V., Drizd, T.A., Johnson, C.L., Reed, R.B., 
Roche, A. P. a r i d  M o o r e ,  W.M. 1979. Physical growth: 
National Center for Health Statistics Percenti les,
American. ('I in. Nut r . 32:607-679

[ndi.irt Academy of Paediatric;. 19/.'. C 1 ass i I i cat i on of 
P r o t e i n  Caloric malnutrition. I n d i a n  !\n\iiat. 9 : 3 6 0

James, W.P.T., Lu i 7.7. i, P. and Wafer low, J.C. 1988. 
Definition of chronic energy deficiency in adults 
Report of work i nr] parly of the intervention dietary
energy ronsu 1 f at i nri group. Anu'iiean Cl ini. Nutr.
42:969-481

Je LI i f fee, D.R. 1966. The a s s e s s m e n t  of the nut rit ional 
status of t he community. W/fr> Monopraph Series, 33, 
W.H.O., Geneva.

Kamath, S. 1986. Nutritional assessment in health 
assessment (3rd ed) . The C.V. Mosby Company, St. Louis, 
Tornoto, Princeton



Rao, K.V. 1975. Diet survey by weighment method - A
comparison of reference periods. Indian J. Nutr.
Dietetics 12:9-10

Rao, D.H. and Vijayaraghavan, K. 1996. anthropometric 
assessment of nutritional status. Textbook of Human
Nutrition (eds. Bamji, M.S., Rao, N.P. and Reddy, V. ) .
Oxford and IBM Publishing Co. Pvt. Ltd., p. 148-162

Sastry, J.G., Vijayaraghavan, K. 1973. Use of 
anthropometry in grading malnutrition in children. Indian 
J. Med . Res. 61:1225-1232

Seoane, N. and Latham, M.C. 1971. Nutritional 
anthropometry in the identification of malnutrition in 
childhood. J. Trop. Pediatr. Environ. Child /71th. 17:98-
104

Sharma, S.D. and Kalia, M. 1990. Anthropometric 
measurements of preschool children in Ghumarurn block of 
Himachal Pradesh. Indian J. Nutr. Die Let. 27:47-52

Swamiriathari, M.C., Taskar, A. P.. and Madhavan, S. 1967. 
Diet surveys by weighment method. A comparison of random 
day, 3 day and 7 day period. Indian d. Med. I<es. 55:90-95

Swam i nathari, M.C. 1987. Non-i n vas i ve parameters lor field 
mon i t or i rig and evaluel i on . Their sens it ivily, specificty 
and lost . In Nut rit ion Monitor i iu] and Assessment (eds. 
Copal das, T. and Seshadri, S.). Oxloid University Press, 
D e 1h i, p .22

Tanner, J.M., Whitehouse, K.ll. and Takaishi, M. 1 965. 
Standards from birth to maturity loi height, weight, 
height velocity end weight velocity: British Children,
Arch. Din. Child 1966: 41:456-611

Thimmayamma, U.V.G. and Rau, P. 1996. Dietary assessment 
as part of nutritional status. Textbook of Human 
Nutrition (eds. Bamji, M.S., Ran, N.P. and Reddy, V.). 
Oxford and TDK Publishing Co. pvt . Ltd., New Delhi, 126- 
135

Vi jayaraghavan, K., Singh, I)., Swaminathan, M.C. 1974. 
Arm circumference and fal fold aI triceps in well- 
nourinhed Indian children. Indian J. Med. Res. 62:994- 
1001



Vi jayaraghavan, K. 1987. Anthropometry for assessment of 
nutritional status. Indian J. Pediatrics. 54:511-520

Voorhoea, 1983. Food and Food Practices among tribals of 
Rajasthan. Child Nutrition in Tribal Areas. A report on 
the workshop on child nutrition in tribal areas, 
Jabalpur, 21-24 June 1982, p . 168-170

Waterlow, J.C. 1972. Classification and definition of 
protein - caloric malnutrition. B r .  Med. J .  3:566-569

Wieringen, V. 1972. Secular changes of growth: 1964-1966.
Height and weight surveys in the Netherlands in 
historical perspective Leidon: Netherlands Inst. for
Preventive Medicine, T N o .



DISCUSSIOH
1. What is the reason for less malnutrition incidence in 

Kerala compared to other states?

Nutritional surveys revealed that the diets consumed 
by a large majority of the population in Kerala 
consist predominantly cereals and pulses. Consumption 
of vegetables, egg, milk, meat, fish are high in 
Kerala compared to other states. So in Kerala 
malnutrition is less compared to other states.

2 .  How w i l l  you e l i m i n a t e  t h e  g e n e t i c  f a c t o r s  w h i c h  
i n f l u e n c e  t fie h e i g h t  o f  t h e  i n d i v i d u a l ?

He i g h t  o f  an i n d i v i d u a l  i s  i n f l u e n c e d  by  b o t h  g e n e t i c  
and e n v i r o n m e n t a l  f a c t o r s .  Wh i l e  m e a s u r i n g  n u t r i t i o n a l  
s t a t u s  in t e r m s  o f  p a r a m e t e r s  l i k e  h e i g h t  a nd  w e i g h t ,  
a f t e r  f a k i n g  t h e  m e a s u r e m e n t  i t  s h o u l d  c o m p a r e  w i t h  
t h e  s t a n d a r d s .  F o r  e v e r y  a g e  t h e r e  i s  p a r t i c u l a r  
s t a n d a r d s  t o r  he i g ht ,  and w e i g h t . .  By c o m p a r i n g  t h e  
m e a s u r e m e n t  w i t h  t h e  s t a n d a r d s  we c a n  e l i m i n a t e  t h e  
genet ,  i c  f a c  t o r  s  .

1 .  What a r e  t h e  common s ympt oms  s e e n  in c h i l d r e n  d u e  t o  
i o d i  no d e l  i c  i on<:y 7

In e h i I d r e n  s e v e r e  i o d i n e  
c r e t  i ri i srn. Me n t a l  r e t . i r d . i t  i on 
s ympt oms  of  c r e t  in i sm.

4 .  What i s  th«- p r e s e n t  i n t . m l  m o r t a l i t y  r a l e  in I n d i a ?

7 2 pe  r 1 0 0 0  1 i v e  h i r l  hs  .

5 .  In i o d i n e  d e f i c i e n c y  w h e t h e r  t h e  BMK i n c r e a s e s  o r  
d e c r e a s e s  ?

Tn i o d i n e  d e f i c i e n c y  BMR i n c r e a s e s .

6 .  Unt o  what l e v e l  BMR i n c r e a s e s ?

BMR i n c r e a s e s  u p t o  1 00%.

dot  i i' i e n c y  1 e a d s  t o 
st unt od gr owl  h a r c  t he

*



7. Protein calorie malnutrition is commonly seen in which 
states of India?

In our country the commonly seen nutritional 
deficiency are protein energy malnutrition, anaemia, 
vitamin A deficiency and iodine deficiency. Protein 
calorie malnutrition is commonly seen in rural areas 
of Andra Pradesh, Bihar, Maharashtra, Karnataka, West 
Bengal, Kerala.

8. What do you mean by Keratomalacia 

Ulceration of the cornea.

9.  What a r e  t h e  commonl y  s e e n  n u t r i t i o n a l  d e f i c i e n c i e s  i n  
o u r  c o u n t r y ?  In K e r a l a ?

P r o t e i n  e n e r g y  m a l n u t r i t i o n ,  v i t a m i n  A d e f i c i e n c y  and 
a n a e m i a  a r e  commonl y  s e e n  i n o u r  s t a t e  K e r a l a .



ABSTRACT
India is a developing country where a considerable 

portion of population is living below the poverty line. 
Hence, chances of malnutrition are very high. Assessment 
of nutritional status of the community is one of the 
first step in the formulation of any public health 
strategy to combat malnutrition.

NulritLonal status is t h e  c o n d i t i o n  o f  t h e  body
resulting f rom t h e  u t i l i z a t i o n  o f  e s s e n t i a l  n u t r i e n t s  

a v a i l a b l e  t o  t h e  b o d y .  The  p r i n c i p l e  a i m o f  a s s e s s m e n t  ot 
n u t r i t i o n a l  s t a t u s  i s  t o  d e t e r m i n e  t h e  t y p e ,  m a g n i t u d e  

and d i s t r i b u t i o n  o f  m a l n u t r i t i o n  in d i f f e r e n t  g e o g r a p h i c  

a r e a s ,  t o  i d e n t i f y  t h e  a t  r i s k  g r o u p s  and  t o  d e t e r m i n e

t h e  c o n t r i b u t o r y  f a c t o r s  o l  m a l n u t r i t i o n .  In a d d i t  i o n ,

f a c t u a l  e v i d e n c e  of  t h e  e x a c t ,  m a g n i t u d e  o f  m a l n u t r i t i o n  

i s  o s  s ent  i-j| t<» s e n s i l  i / o  . - a d m i n i s t r a t o r s  and p o l i t i c i a n s  

t o  obt . r j in a l l o c a l  ion of  m a t e r i a l s  and human r e s o u r c e s  a nd  

t o  p lun a p p r o p r i a t e  i nle r v e nt  i on st r a t o q i e s  t o  i m p r o v e  

t h e  nut r i t i on.i  1 :;t .it us  (J r  1 1 i 1. 1 oo ,  1 (->(-.) -

Mutrit ional status r.m be assessed either by 
direct or indirect methods. The direct methods include 
the anthropometric mea.su romonl s, dietary surveys, 
biochemical methods, cl inical examinat ion and biophysical 
and radiological methods (bopaldas and .Seshadri, 1987; 
Vijayaraghavan, 1987; Sharma and Kalia, 1990; Bamji, 
1996; Thimmayamma and Rau, 1996). A variety of vital
at.atlnf Lea like infant and childhood mortality rates, 
maternal mortalily rates ole. have been considered as 
Indirect indicators of nutritional status.



All measures of nutritional status have certain 
advantages and limitations- The methods to be selected 
for the assessment of nutritional status should be 
simple, sensitive, specific and economical. Instead of a 
single method a combination of different methods can be 
used to evaluate the nutritional status of a community.

■
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Nutrient loas darling preservation and storage of major
fruit products

I. Introduction
Fruits are undoubtedly man's oldest food. In India 

the cultivation of fruits dates back to ancient times 
(Singh, 1969). India is endowed with varied agro-climatic 
conditions which offer immense scope for the cultivation 
of various kinds of horticu1tura1 crops. This provides an 
excellent platform fur the country to emerge as a leading 
producer of hort icultural crops (Reddy, 2000). India now 
ranks number one in world fruit production with a share 
of 42.17 million tonnes (Chadha, 1999). Sethi (1993) has 
stated that 20- 307, of the fruit produced in this country 
are not utilized due to post, harvest problems and hardly 
17> of the to*-)! produce is being ut i I i zed for processing. 
Therefore to minimise post harvest losses arid to obtain 
better ret u r n s  t here is di re need lor exploring the 
possibilit ies of utilising Iruit.s in the processing 
industry (Khurdiy.i arid Roy, 19RS). The Irmt processing 
industry has been declared as a thrust are.) and is now a 
potent i ri 1 i j n * • r ol foreign exchange through export of 
processed fruit products (Kapoor, 1 1) .

Poornia o/ a/. (1994) is also ol the view that
fruit processing helps to solve the problems of under 
employment during off-season in Agriculture sector 
besides it ensures fair returns to the growers and 
improves their economic conditions. Besides these 
advantages, the fruit processing has certain 
disadvantages. Considerable nutrient loss occurs durinq 
preservat i on and storage of fruits, which have to be



given special attention. In this context I am going to 
deal with the topic 'Nutrient loss during preservation 
and storage of major fruit products'.

Fruits in human nutrition make balance diet which 
leads to the development of sound health and happiness of 
human beings. Fruits provide vitamins and minerals and 
therefore are considered as 'protective food' (Singh, 
1995). Water is llie chief constituent of fruits. About 75 
to 95 per cent of the total weight is from water. Fruits
as a whole are rich sources of vitamin C and B carotene -
provitamin A. The ascorbic acid content varies widely 
from 2-700 m g / 100 g. Citrus fruits are good sources while 
guava, cashew i ru i i , 1 irn<*, mango, papaya and orange art'
other sources of vitamin B-carotene can be obtained
from fruits like mango, papaya, jack fruit, dates etc. 
(Begum, 1991).

The h v i t a m i n s .  o c c u r  i n  r e l a t i v e l y  Low
coneon t r a  t i on i n  f r u i t s .  M i i i ' t . i I : :  a r c  n o t  p a  r t  i cu I a r 1 y

high i ri f r u i t " . .  H o w e v e r  c a l c i u m ,  p h o s p h o r u s ,  iron,
potassium a r e  found in m a n y  fiuils. C a 1c i u m  is obtained 
from fruits I i k e  <-ji r u n ,  g u a v a ,  <lattes, s a p o t a  a n d  g r a p e s .  

Fruits l i k e  a v o c a d o ,  d a t e s ,  p o m e g r a n a t e ,  raisins etc. are 
rich sources of phosphorus. Iron c a n  be supplied by 
dates, guava, grapes, sapota, plum etc. Potassium
represent 1 % of f he fresh weight of the fruits (Singh,
1995). Fruits are a good source of energy because many of 
them contain digestible form of carbohydrates like sugar 
or 3tarch. The important sugars present in fruits are
glucose, fructose and sucrose (Duckworth, lQfcfi). The



polysaccharides cellulose, hemicellulose and pectic 
substances are the structural components of fruits. These 
make fruits important sources of roughage or bulk in the 
diet (Manay and Shadaksharaswamy, 1987). Most of the
fruits contain small amount of pectin. Some examples 
guava, apple contains appreciable amounts of pectin 
(Swaminathan, 1988). Characteristic flavors of fruits are
due to the presence of organic acids in them. Malic and
Citric acids occur in most of the fruits, but tartaric
acid is a prominent constituent of grapes oxalic acid is 
also present (Begum, 1991). Proteins represents less than 
1% of fresh weight of fruits. Bruits are poor source of 
fat. Avocado is an exception containing 25 b fat (Sri 
Lakshmi, 1997).
Mut r i t i ve Vrj I uo o 1 mu jor I ru i ts (per 100 g )

Name o f  
Frua

Moisture
(g)

F:jicrgy 
(Kcal)

Calcium
(mg)

Phosph
orus
(mg)

Iron
(mg)

Carotene
(mg)

B
vitamins

Ascorbic 
acid (mg)

Apple 84 0 SO 10 14 1 0 0 1
Banana 70 1 1 10 17 16 0 9 78 0 63 7
Cashew
frua» - ■ —

86 1 S] 10 10 0 2 21 0 47 180

Grapes 82 2 SK 20 23 0 s 1 0 1| I
l>emon 8S 0 S7 70 10 2 1 0 0 1 1 19
Guava 81 7 SI 10 28 I 4 0 0 40 212
Mango 81 0 74 14 10 1 1 2741 1 07 10
Pineapple 87 8 40 20 0 1 2 18

f j o p j  l a n
0 42

e  t a  1 .
19

, 1 Q 8 2

The nut r iI ional oontrihut ion of fruits compared to 
total food supply is given below.

Ascorbic acid - C»07. Magnos i urn - 25%
Vitamin A c-c1̂i I ron - 20%
Vi t ami n HI - 20% C a 1 ories - 10%
Niacin - 20% Prolei na - n
Potass i urn - 10% Fa t - i%

(Ratnalunga ot al., 19/8)



Much of the vitamins and minerals needed for human
body is obtained from fresh fruits. But these fruits are 
highly perishable. To reduce wastage and to make it 
available through out the year, the fruits should be 
processed into value added products (Khurdiya and Roy,
1985) .

XX. Methods of fruit preservation - physical and chemical 
methods

present. These methods are broadly classified by
Girdharilal et a l .  (1986) and are presented below:
*■ Rhys i ca 1 mot hods

Various fruit processing/preservation methods are

a) Thermal processing Cannina, oasteurisat ion

b) Storage at low temperature freezing

c) Removal of water

d ) 1rradi a t i on App 1 Lea t i > si o i IIV i'i 
ioni z i nq radia t i on

IT. Chemical m e t h o d s

a ) By s a M i n g  nr hr i n i ng P i r k 1 in g

b) By add M  i ori ni sugar and 
heat i ng

bruit pr osnr vos r j ams f 
I' '  1 1 i »\ s , ma r ttu 1 a d o s , 
'Mridua '-I r.

c) By addif ion of chemical 
p rese r  va f i ves  s< >< J i um 
benzoate, potassium 
met abi s u 1phi te

q u a s h e s ,  c o r d i a l s

d) Ferment at ion Fruit wines

Source: Girdharilal of al. (I9flb)



Much of the vitamins and minerals needed for human 
body is obtained from fresh fruits. But these fruits are 
highly perishable. To reduce wastage and to make it 
available through out the year, the fruits should be 
processed into value added products (Khurdiya and Roy, 
1985).

II. Methods of fruit preservation - physical and chemical 
methods

Various fruit processing/preservation methods are
present These methods are broadly ciassitied by
Girdharilal ef al. (1986) and are presented below: 
I. Physical methods

a) Thermal processing Cann i na, oas t; eu r i sa t. i onJ 9 k

b) Storage at low temperature Freezing

c) Removal of water Sundrying, Dehydr.it ion

d) Irradi at ion App 1 Lcat ion of IIV or 
i oni z i ng rad iat i on

I I. Chemica1 mat hods

a ) By s a 1t i ng or I n i ning Pick! i ng

b) By addit ion ol sugar and 
heat i ng

F r u i t  p r e s e r v e s ,  j a ms ,  
j e 1 1 i r>s, ma rma 1 a d o s , 

c a n d i e s  e t c .

c) By addif ion r»f chemical 
preservati ves sodium 
ben zoat e , pot assi urn 
metab i suIphile

Squashes, cordiaIs

d) Ferment at i on Fruit wines

Source: Girdharilal et al. (1986)



Preservation by application of heat is a most 
common method. It is generally known as preservation by 
canning or heat processing in sealed containers made of 
tin, plate or glass or more recently of heat resistant 
plastic materials (Girdharilal et al., 1986).

Preservation by freezing is a method of increasing 
the storage life of fresh fruits. But it is being 
employed to a limited extend in the case of some fruits 
such as peach, pear etc.

Another important method of preservation is drying 
or dehydration. Gundrying is extensively employed in many 
parts of the world to dry a variety of fruits.

Proservat ion of fruits by application of U.V. or 
ionizing r.id i .jt ion is another method. There is 
considerable inferos! in this technique, especially in 
view of f ho f r i c t  that cheap sources of irradi.it ion have 
become f reel y av.ii I able as a result ol development of 
atomic: energy instal lat ions in some parts of the world
(G i rdha r i I u I <•/ ,i I . , 1 rMt (,) .

Presorvat ion by salt ing or br ining of unripe 
fruits such as mango, lime, lemon etc. is also well 
known. Preservaf ion by addition of sugar and application 
of heat is a highly important met hod in t he case of 
fruits which are utilized in a very large quantities to 
make jams, jellies, marmalades and preserves. This method 
Is simple, cheap and easy to adopt and hence its 
universal popularity. The use of chemical additives, 
wh 1 ch a re po rm 11 t ecf as harm 1 ess, w i t hi n limits is fa I r 1 y



widespread in the case of a variety of squashes, cordials 
and other beverages. At present, only sulphur dioxide and 
benzoic acid and its salts are permitted in fruit 
products. Preservation by fermentation is a very ancient 
and well known method. Yeast fermented fruit wines, which 
contain ethyl alcohol as a natural preservative have been 
prepared (Girdharilal et al., 1986).

The adoption of above said preservation methods 
aims not only in the suppression of spoilage organisms 
and preservation, but retention ol the nutritive value ot 
the fresh fruit in the processed product is also equally 
important. Processing involves many ope rat ions - washing, 
trimming, peeling, blanching, thermal processing, 
dehydration, packing, storage etc. and at each stage 
there is a likelihood of available nutrients being lost. 
The common be l i d  is that the final product is depleted 
in most of the nut.rit i ve constituents present in fresh 
food, But w i t h  advances i n processing methods, processed 
foods are* riot very interior to t resh t oods and are not in 
any way less nut ri I ions t han foods cooked in t he normal 
way {H a t  r i a t  u n q a  <•/ a / . ,  1978).

Modern methods of prenorv.it ion ot fruits are 
carried out so as to minimi/e the dostrurt ion of vitamins 
and minerals in them (Girdharilal ef al., 1986). Though 
vitamins and minerals are considered as micronutrients 
present in low quant it i es t h e y  h a v e  macro health 
implications. The daily intake of vitamins recommended by 
ICMR is given below.



Indian recommended daily intake of some vitamins

Retinol
(Mg)

Thiamine
(mg)

Riboflavin
(mg.)

Niacin
(mg)

V it
B-12
(fig)

Ascorbic 
add (mg)

Infants
(0-12 months)

400 — — — 0.20 30

Children 
(1-12 years)

250-600 0.6-1.0 0.7-1.2 8.0-14.0 0.5-1.0 30-50

Boys
Girls
(I3-19years)

750
750

1.3-1.5 
1.1

1.4-1.7
1.2

17-21
14

0.5-1.0 30-50

Adults

Men
Women

750
750

1.2-2.0 
1.0-1.5

1.3-2.2 
1.0-1.7

16-26
13-20

1.0 50

(NIN, 1984) 
(ICMR, 1984)

These vitamins, which are required for proper
growth and good health, undergo changes under the
influence ol heat, oxygen, pH etc. The following table
shows the stability of vitamins under environmental
changes.
Vi r.ami ri lloa t L. i qh t Ai r ,r 17 —

i pH "7 & k i.

Thi ami n L t' 
* • I. s i. r»d

Plboflavin I. I. c * » s L c
Pyrirlox i re* i • 

• » I. * >
c  
» ■»

rd t "O
N i ac i n r ' 

. »
r -  
. »

i '  
.  *

r*d S c
O

Ascorbic a n d I. l. 1. s I. s
Ca rot ones 
(Pro. Vit-A)

I. I. I. i ’ • i s 1,

L - Loss; P. - S t a b l e

H  r a n  h* '  s e e n  l h . i t  t e ' a t  a d v e r s e l y  a l f e c t s  a l l

except pyridoxine and niacin. Thermal dest ruct ion is l.he 
most important, factor of nutrient loss. The fat soluble 
vitamins (Vitamin A) are relatively heat stable in the 
absence of oxygen but appreciable losses occur when 
heated in the presence of oxygen. Prolonged heating leads 
to complete destruction. Among the water soluble 
vitamins, thiamine is very heat, sensitive especially in



alkaline medium. Riboflavin is very light sensitive and 
vitamin C is easily oxidised in the presence of air. The 
loss of water soluble vitamins ranges from 0 to 60 per 
cent as a result of leaching and thermal destruction. 
Vitamin A (Carotene) are water insoluble and as such are 
not lost as a result of leaching and their destruction 
due to oxidation is slight. Frying and roasting cause 
their loss upto 40-60% (Salunkhe et al., 1991).

The loss due to processing may be due to trimming. 
The removal of skins and peels of fruits result in loss 
of vitamins and minerals due to unequal distribution of 
nutrients in the food stuff. Washing with water will 
leach out appreciable quantities of water soluble 
nutrients 1 m m  IruiIs (Ratnatunga of al., 19/8).

Carbohydrate is present in fruit in the form ol 
sugars. Leaching of I In' sugar takes place during 
blanching. blanching causes decrease in the protein 
content (Nalunkhe >:t ,j I . , 1991).
III. Nutrient loon in physical methods 
Canning

Canning us a means nf food preservation was 
developed by Nicholas Appert . It involves the following 
steps.
1. Washing
2. Sorting/Grading
3. Blanching
4. Peeling/s1icing/corlng
fi. Filling/exhaust ing/aealinq
6. Retorting/cooling



Washing : Washing reduces the load of spoilage bacteria 
that is on the product, thus increasing the effectiveness 
of the sterilization process. There is essentially no 
loss of nutrients by this process (Salunkhe et al., 
1991).

Sorting/Grading : In sorting and grading, inferior and
damaged products are removed. There is no nutrient loss.

Blanchinq : Blanching consist of healing the product to a 
high enough temperature t:o accomplish the desired effect. 
This step is usually associated with vegetable processing 
(Ratnatunga et a/., 1978).

Pee 1 i ng/s 1 i c i rig/ cor i ng : Gome fruits such as peaches,
apples, pears etc. require peeling bet ore canning peeling 
methods can cause nutrient loss in products. Peeling can 
be done with hot water, hot NaOH solutions and mechanical 
peelers. Nut rierit loss can occur ( rom leaching out water 
soluble constituents or degrading heat sensitive 
compounds. The least change in the nut rient composition 
of the final, produce would be in I he mechanical peeling.

F a l l i n g / e x h a u s t  i n g / s e a l i n g  : Metal c a n s  and glass bottles
are used for canning. After the product is tilled into 
the container, it usually passes through steam before 
sealing to reduce oxygen in the can head space. Oxygen in 
the head spare could lead to oxidat ive changes in the 
product. The oxidizing of ascorbic acid during processing 
is minimized by eliminating as much oxygen as possible 
from the can head space, but still about a third is lost 
in the canning of products (Salunkhe ef al., 1991). The



filling and sealing operation is carried out under 
sterile conditions (Salunkhe et al.r 1991).

Retorting/cooling : In retorting, the sealed container is
immersed in hot or boiling water or exposed to steam
under pressure. The heat that the product is submitted to 
during retorting can cause a loss in heat sensitive 
nutrients. Vitamins such as thiamine and riboflavin are 
sensitive to heat in higher pH products. Thiamine 
degradation accelerated by higher temperatures and longer 
times (Bendex et al., 1951). Thiamine is retained in acid 
products such as tomatoes, because of the short 
processing time that is used. fj-carotene is degraded
during the canning operation. As the canning involves 
destruction ol nut rients a modiI ication ot this process 
has been developed. It is high temperature short time
method (HT.bT). This process appears to be less
destructive to heat labile vitamins than the low
temperature long t ime process.

.Several studies h a v e  b e e n  d o n e  to 1 i rid out the 
changes in I to nut rients during cunning process. 1'rut hi 
e t  a / .  ( 1 9 5 A ) h a v e  s t u d i e d  the effect of  processing
operations on r 1k > nutritive value of canned mango and
reported I hut t he ref enl ion of c a r o l  o n e  and ascorbic 
acid, immediately after processing was very high and of 
the order of about 98 and 90 per cent respectively. A 
comparative study was done by Doreyappa Gowda and
Ramanjaneya (1995) on the chemical composition of Fresh
mango pulp and canned juice.



It is given in the following table.
Composition Mango fresh 

pulp
Mango canned 

iuice
T.S.S.°B 19.0 20.8

PH 4.4 3.6

Acidity % 0.4 0.5

Reducing sugar I 4 . 6 6.9

Carotenoids mg/lOOg 11.5 5.1

Vitamin C mg/100 g 51.4 13.1 |

Pasteurization

When foods a m  heated in containers or by other 
methods to a temperature below the boiling point of water 
for a definite period, the process is known as 
pasteurization. It is employed in the case of beer, 
wines, fruit juices and certain other foods to increase 
shelf life (Mariay and Shadaksha raswamy, 198'/).

Chemical changes during pasteurisat ion ot mango pulp

T reatment Chomi c a 1 changes
Carot one 
(mg / 100 g )

Vit. C 
(mg / 100 g )

t . .  (i) R . S . (% )

Pasteurisat ion Reduced by Reduced by Incroased Increased
t m 5 n 1 rnm 10.8 f rom 4.1

_ _________________ —-  - — - .—  ____ to 1 1 .1! to b . 9

Freezing

In 190b, the first commercial freezing operation 
for processing fruits was established. Fruits to be 
frozen are harvested, and then transported to the 
processing plant, where they are frozen first and then 
packaged. Granular sugar or syrup is usually added to the



packaged fruit to retard oxidative reactions and increase 
product quality. Losses of oxygen sensitive nutrients
such as vitamin C can occur during frozen storage if the 
fruit is not packed in syrup (Salunkhe et al., 1991). 
Freezing as such does not injure vitamins. It is the 
mishandling both before and after freezing which lowers 
the vitamin content compared to that of the raw material. 
Freezing is the better method to preserve the nutritional 
value of fruits as compared to other preservation
methods. But the disadvantage is that it is quite
expensive (George, 1993).

Dehydration

Dehydrat ion means removal of water from the food
by heat. Dehydrated fruits and their products are good 
sources of r«norqy,  minerals and vitamins. Dehydrated 
fruits are concentrated in nutrients (Salunkhe ot a/.,
1 991 ) . Dehydr . i t  od f ru i t s are 1 a i r 1 y r i oh sources of 
m i ne r a l s .

Fru i f Treal ment Cu Fe P
(m g ) (mg) (mg)

Banana 1) Fresh 7 5 1 .09 88.0
/) Du 1 [»hured and dried 1 9 0 1.45 8 0. 0

Pa pa ya 1) Fresh 1 90 0. OR 4 1.5
/’) .Sulphured and dried 210 0. 0b 50.5

Pineapple 1) Fresh 3 GO — 4 6. b
2) Du 1phured and dr i ed .970 — 45.3

(Salunkhe et al., 1991) 

However, during the process of dehydration some
vitamin potency may be lost. Vitamin A and C are 
sensitive to oxidative degradation (Salunkhe et al., 
1991). The loss of oxygen sensitive vitamins A and C can



be minimised by sulphuring as sulphur dioxide is a strong 
reducing agent and minimizes their loss during processing 
(Salunkhe et al., 1991). The retention of B-carotene in 
some sulphured and dehydrated fruits are given in the 
table. Beta-carotene is fairly stable and reasonably well 
retained.

Dehydrated papaya and mango are good sources of B- 
carotene

Fru i t Treat ment: ft-ca rotene
Mg/100 g % retention

Papaya 1) Fresh 31,010 —

2) SuLphured and dried 26,290 70.6
Mango 1) F resh 29,440 —

2) Sulphured and dried 14,910 b O . 6
(Ratnatunga et al., 1978)

Thiamine can be destroyed by heat and sul Turing 
and riboflavin is light sensitive. Fruits can be 
sundried, dehydrated or processed by a combination ot 
these methods. Sundrying causes large losses in carotene 
and ascorbic acid. Rapid drying retains grout or amounts 
of ascorbic acid than does slow drying. Dehydration 
reduces t he.sn losses (Salunkhe of a/.,

Several studies have berm done to find out the 
changes i r» t he nut rients dur i ng dehydrut ion. Cherian 
(1998) studied the development of papaya based blender! 
products. Papaya leather was prepared and its chemical 
composition was compared with fresh papaya fruit.

«



Chemical composition of papaya fruit and papaya leather - 
A comparison
Parameters Fruit Leather
pH 6.28 4.41
T.S.S. (°B) 10.50 65.10
Acidity (%) 0.23 0.34
Reducing sugars {%) 3.39 34.12
Total sugars (%) 8.40 40.59
Vit. C (mg/100 g) 56.00 18.75

(Cherian, 1998)

Comparison of composition of fresh and dried pineapple

Nutrient content Fresh 
pi neapple

Solar dried

pH 3. 60 3.78
Acidity m 1.18 1.16
Reducing sugars [I) 1 . 80 2.59
Vit. C (m g /10 0 g ) 32 . 00 0.40

(Hari, 199b)

Irradiation

Ratnatunqn of a 1. (1978) showed that as the 
ascorbic acid concentration increased, retent ion of the 
vitamin after irradiation also increased. Concentrated 
orange juice containing 198 mq/100 q ascorbic acid, on 
irradiat ion caused 8 percent loss. If the ascorbic acid 
concentration was 29.5 mg/100 g , loss was 60 per cent. 
The loss of ascorbic; acid not only depends on initial 
concentration, but also on radiation dose. During 
irradiation ascorbic acid is convert oi 1 to deli yd ro 
ascorbic acid and t hen to di ket oguIonic acid. Carotene in 
plant tissues appears to be more resistant to destruction 
by radiation due to protection against radiation induced 
free radicals. Thiamine in fruits is not affected by 
radiation where as niacine is radiation sensitive and 
this sensitivity is increased by presence of ascorbic 
acid (Ratnatunga ot al., 1978).



XV. Nutrient losa in cheeical Methods 

Preservation by pickling

The preservation of fruits in common salt or in 
vineqar is called pickling. Spices and edible oil may be 
added to the product. Raw mango, lime etc. are preserved 
in the form of pickles. Pickling is done (1) by 
fermentation with dry salting or fermentation in brine. 
In dry salting, for every 100 kg fruits, 3 kg salt is 
used in alternate layers in the barrel. After 3/4th 
tilling, the mass is covered with wooden board under some 
weight. Brine is tormed in about 24 h. Fermentat ion is 
usually completed in 8 to 10 days at 27-30°C, but it may 
take 2-4 weeks i ri cold weather (Girdharilal et ar., 
1986).

The add it ion of salt permits the naturally present 
lactic acid b a c t e r i a  to grow, thereby rapidly producing 
su f f i c i on t acid t o supp 1 emen I t he act ion of salt 
(Dosros i or, 1970). Pickhvs are g o o d  ipprt i.*ers. They add 
to the pa 1 a I a b i 1 it y o 1 a mo, 1 1 rind a i < i in d i g o s t i * si by 
stimulating I h* • 1 1 < >w <> I gastric juice ((3 i rdha r i 1 a 1
et al.f 1986). Certain chemical changes occur during the 
production of pickles. During fermentation the acidity 
increased arid pll decreased in the product . Total solid 
sugar and moisture content decreased during pickling. The 
ascorbic acid content decreased after one day of pickling 
and completely disappeared after 12-18 weeks of storage.

Preservation by sugar

The fruits are preserved in the form of jams, 
jellies, preserves, marmalades and candies by relying



upon the high solids - high acid principle (Desrosier, 
1970). Jams, Jellies, preserves, marmalades and fruit 
butter are products from fruits with added sugar, after 
concentrating by evaporation to a point, where microbial 
spoilage cannot occur. Jellies and jams are semisolid 
masses made from not less than 45 parts by weight of 
fruit juice/pulp ingredient to 55 parts by weight of 
sugar. The substrate is concentrated to not less than 65 
or 68% soluble solids in jellies and jams respectively 
(Desrosier, 1970; Girdharilal et al., 1986).

Marmalade, a jelly like product:, is made from 
citrus juice and peel along with sugar. It is 
concentrated to achieve the gel structure. Fruit 
preserves and candy are prepared similarly. The whole or 
pricked pieces are blanched, and slowly impreqnated with 
syrups ol progressively increasing sugar concent rat ions, 
until the sugar concent rat ion in the t issue is high 
enough to prevent the growth ol spoilage microorganisms. 
Fruit is removed Irom syrup, washed, dried, packaged and 
market ed as candied fruit ((', i rdha r i la 1 e/ a/., 1 986).

Sreeja (1996) studied the qualitative changes in 
cashew apple products in storage with special reference 
to vi tarn i ri C .
Chemical compos it ion of f resh cashew apple and processed 
products - A comparison

Paramet ers F re s h Jam Candy
pulp

T.S.S. ("Ft) 1 1 .20 6R.01 68.05
Reducing sugars (%) 15.20 15.21 15.28
.Vitamin C (mg/100 g) 26.) 4 9.86 16. 66

/Qroni 1 .  1 QQfil



Chandran (1999) studied the quality characters of 
papaya varieties and product development. In this study 
papaya jelly was prepared and the chemical composition of 
jelly was compared with the fresh papaya.

Chemical composition of fresh papaya and Papaya jelly - A 
comparison _______________________________________

Parameters Fresh papaya Jelly
T.S.S. (%) 13.03 65.36
R. sugars (%) 9.85 32.71
T. sugars C&) 10.77 43.71
Vitamin C (mg/100 q) 69. 06 23.86

(Chandran, 1999)

Cherian (1998) studied the development of papaya 
based products. In this study papaya butter was prepared 
and its chemical composition was compared with the fresh 
f ru i t s .
Chemica1 composi t i on 
A comparison

of papaya fruit and papaya butter -

Pa ramot < ■ rs Fru i f
- — — —- — — ■ — - _ -
Hutter

JP_». . ________ 5.8 5 4 . 3 6
T.S.S. (I) 10.5 4 9 . 7 3
Ac i d i ty 0.06 1 0.10
R. sugars (I) J . 19 17.65
T . suga rs (?.) 8 . 4

I I 1 1 1 i •
*

Vitamin C (mg/100 g) 5 . 6 23.52
( C h e r i a n ,  1 9 9 8 )

Preservation by chemical additives
Chemical presorval ives are non-nutril ive

substances intentionally added in small quantities to 
food, to improve its appearance, flavour, texture or 
atoraqe properties. The chemical preservatives are 
advantageous in maintaining the nutritional quality, 
enhancing the keeping quality, making fruits attractive 
and helping in their processing. Certain fruit products



namely squashes, cordials, syrups need chemical
preservatives, for a fairly long period after opening the
seal of the bottle pasteurization may cause cooked 
flavour in these products. The preservation power of
chemical preservatives is governed by acidity of the 
product, these are only recommended for preserving acid 
products, whose pH is 4.5 or below (Desrosier, 1970). Two 
chemical preservatives, permitted for use in fruit and 
vegetable products by fruit products order (1955) are 
briefly described be Low.

Sulphur dioxide

It is dvailable in gas, liquid and solid state. 
Generally, potassium metabisulphite, a dry chemical, is 
used. It is however, decomposed by weak acids like 
citric, tartaric, malic and carbolic acids, to form
potassium salt .md sulphur dioxide, which is liberated 
from potassium sulphurous acid with water, when added to 
the fruit juice or squash. As rill the vitamins except 
carotenes ,irc stable in acid medium, there is practically 
no loss ol these vitamins during presorvat ion with SO-. 
30? is more effect i v«> against bacteria and mould and less 
effect ive against yeast . SO- has an ant ioxidant property. 
Tt helps in retent ion ol ascorbic acid SO- also prevents 
enzymatic and non-enzymatLc browning. It cannot be used 
in the case of some of t he natural ly coloured juices on 
account of its bleaching act ion on anthocyanin. It cannot 
be used in products, which are to be packed in tin 
containers, because it not only acts on tin container 
causing pin holo3, but also forms hydrogen sulphide, 
which has an unpleasant smell and also forms a black



compound with the iron of the base plate of the tin 
container (Girdharilal et al., 1986). In the presence of 
manganese, oxygen and glycine at the pH of food systems,
S02 catalyses to cause a very rapid destruction of 0- 
carotene.

Sodium benzoate

It is a salt of benzoic acid, which is practically 
tasteless and odourless. Benzoic acid, the effective 
agent, is sparingly soLuble in water (Girdharilal et al.,

1986). Sodium benzoate is 170 Limes more soluble than 
benzoic acid. An amount of 0.13, sodium benzoate is 
usually sufficient to preserve a product, which has been 
properly prepared and adjusted to pH 4.5 or below. It is 
commonly used in preserving apple cider, syrup, pickles, 
other acid foods and especially i n the products which 
contain w a t e r  s o l u b l e  p l a n t  p i g m e n t s  s u c h  a s  n n t h o e y o n i n  

(Desrosier, 1 9 7 0 ;  G i r d h a r i l a l  ot. a I., 1 9 B 6 ) .

Proaarvation by faraontation
FV*rmenl . i t  ion i s  a p r o c e s s  ot a n a e r o b i c  oxidation 

of carbohydrates. Wine i s  t h e  product of an alcoholic 
fermentation o f  juice of r i p e  grapes. During alcoholic 
fermentat ion 7 grns of s t i g a r  w i l l  yield 1 g of alcohol. So 
there will ho an increase in alcohol content and decrease 
in the reducing sugar content. The vitamin C will not get 
lost in the course of fermentation (Qopaiah, 1982). 
During fermentation of one mole of glucose about 234 
joules (96 K c a 1) of energy is released (Desrosier, 
1970).



V. Hutrient loss duiring storage of fruit products 
Canning
Effect of storage

The extent of nutrient loss during storage depends 
on 3 factors - the container used, the type of fruit and 
the storage temperature.

In bottles, due to oxidation of ascorbic acid by 
residual oxygen at the head space, there is a marked drop 
of Vitamin C initially. In cans, the tin protects the 
vitamin C in solutions. Ascorbic acid retention was 
higher in plain cans compared to glass containers, 
specially for low pH foods. Thiamine and Riboflavin 
losses are more in glass packed samples than in tinned 
samples.

T h e r e  was.  HI  p e r  c e n t  v i t a m i n  C l o s s  i n  p i n e a p p l e  

a n d  p i n e a p p l e  j u i c e  i n  '1 m o n t h s  s t  o r n g o  w h i l e  g u a v a s  h a d  

o n l y  '>'/ p e r  c e n t  l o s s  l o r  t l i e  s a m e  p e r  i o d .

Canned fruits retain their good flavour and 
nutrient proper! ies for an ext raided t i me i( they are held
at moderately low temperatures. The nil eel of high
temperature s t o r a g e  varies with the product and seems to 
be related to its pH. The ascorbic acid in canned orange
juice in lost faster during high temperature storage.
Carotene is also affected. T h e  storage temperature has 
less effect; on riboflavin than thiamine and ascorbic 
acid. Niacin is very stable to heat, light, oxyqen and 
acid and is generally not lost in canning.



Retention of ascorbic acid during storage of orange
juice

Months storage 
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Storage of mango pulp 
polypropylene (pasteurized) in 300 gauge

Conditions o f  
storage

Chemical chances on storage 1
Carotene
content

Vitamin C Total sugar Reducing
sugar

Soon after 
pasteurization

16% loss 47%  loss Increases from 
10.8 to 11.8

Increases from 
4.1 to 6.9

Storage at 5°C  
upto 3 months

27%  o f the 
residual 

content lost

79% of the 
residual 

content lost

Remains
constant

Remains
constant

Storage at 37°C  
upto 2 months

Practically
nil

About 97% of 
the residual 
content lost

Remains
constant

Increases 
further to 9

Freezing
EfTect of s to rage

Alternate freezing and thawing during storage is 
particularly nest ruot ive to vitamins. Vitamin C losses 
continue on storage in frozen stage. Losses of vitamin C 
in frozen foods ar«' higher than other vitamins. Further, 
little losses i n thiamine in storage at less than 0 L 
also o c c u r . Riboflavin levels are lowered during 
prepa rat ion tor t reezing but lilt le or no losses occur 
during frozen storage. Carotenes a r e  altered very little 
by freezing, though blanching improves their storage 
stability (Ralnalunga of a / . , 197B).
Dehydration
Effect o f s torage

Dabhade et al. (1980) studied the changes in 
chemical constituents of mango powder during storage. 
Mango powder prepared from blanched, sundried and cabinet 
dried were packed in a packaging materials - Polyethylene 
baqa and paper b a q s . The observations are shown in the

followin<) table.



Changes in chemical composition of Blanched mango powder 
(Sundried and Cabinet dried) on storage (6 months)

Parameters
Sun dried Cabinet dried

Polyethylene
bag

Paper bag Polyethylene
bag

Paper bag

Acidity % 5 .6 -4 .8 5 .6 -4 .6 3 .58 - 1.45 3 .58 -1 .35
Reducing sugars % 13.06- 17.00 13.06-17.30 12.20-16.10 12.20- 16.15
Total sugars % 17.36-21.00 17.36-21.34 16.30-20.05 16.30-20.16
Ascorbic acid 
(mg/100 g)

53 20 - 22.46 53.20-22 .19 30.88-14.24 30.88-14 .20
.

Rao cl dl. (1980) reported storage studies of the 
mango sheet. The storage studies was for three months at 
varying temperatures 20, 30, 40°C. During the storage of
mango sheet, acidity and reducing sugar increased with 
the increase i n  storage temperature. Initially, the 
acidity was found to increase with the increase in 
sulphur dio/ido content, t h i s  in. j y possibly be due to 
formation o I sulphurous acid. Increase in reducing sugar 
may be due t o I ho increased iuIe of inversion dui i ng 
increased storage I ompe rut. u re. With the increasing 
storage I eniperat ure I here was a corresponding decrease in 
a s c o r b i c  a c i d  and  c a r o t e n e  content. It was also observed 
t h a t  higher the I e v e  I o l  DO.-, higher was I lie retention ol
ascorb i o a f i d a n d  c.i  r r>I ( ' l ie ( ( >uI ('lit .

Prsaervation try ougar

Effect o f s t o r a g e

r, r o e j a  ( l ' tgf , )  s t u d i e d  H i -  c l i a n g n s  m  t i n '  c h e m i c a l  

c o n s t i t u e n t s  i n  c a s h e w  a p p l e  p r o d u c t s  d u r i n g  s t o r a g e .

Chemica1 
const i t uonf s

n* o n1 • i) • it «

Fresh jam without 
st oraqo 
68 .01

Jams stored for 6 
mont hs 
70.05
m 1 J*

Reducing sugar 19.21 1 5 . /1>

V 11 ,im i n 0 4 9. 8 6 4 1.40



Cherian (1998) studied the effect of storaqe on 
the chemiCdl composition of papaya butter.

Acidit_y increases during storage. This may be due 
to the interaction of organic acid present in the fruit. 
Due to increase in acidity, the pH decreases. The total 
soluble solids increases during storage. This may be due 
to partial loss of moisture and partly to the conversion 
of insoluble constituents into soluble forms. The 
reducing sugar increases during storage due to hydrolysis 
ot sugars by acid which might have resulted in 
degradation ot disaccharides to mono saccharides. Vitamin 
C decreases during storage. This reduction may be 
explained by the sensil ivity to light and atmospheric 
t empe ra t u r»*.

Preservation by cheaucal additives
F.f f ect of :;t orag*•

r.riosri “ t a/. (19H2) made a st udy on the
preservation f > t fruit pulp i r i 1 1 e x i b 1 e pouch. It is
observer) t h a t  t h«‘ mango syrup preserved with bO- retain a
better qua! if / and has. a shell lile ol at least h months
under ambient t ernporat ures .

Tho o b r . ' M v a t  i o n s  a r c  g i v e n  in t h e  f o l l o w i n g  t a b l e .

Storage of mango syrup (pre s e r v e d  by S 0?) under ambient 
condition in H)0 guage poly propylene pouch

Mango
syrup

SO? content 
ppm

Reduced
from 3*10 to 

95

Chemical chances on storage upto 5 months
Carotene Vitamin C Total sugar Reducing

content (mg/100 g) (%) sugar (%)

(m g/100 g)
20% loss 9%  loss Changes Changes

from 48 to from 15 to
20 2 s



Chemical composition of mango pulp stored in HDPE 
containers and glass bottles (preserved with SO2)

Treatment Period of 
storage

Package
used

Total 
carotenoids 
(mg/100 g)

Reducing 
sugar %

Total 
reducing 
sugar %

Free SO; 
(ppm)

Mango 6 months HDPE 15,790 3.44 11.00 60
pulp + Glass 16,200 3.56 10.07 60
250 ppm 12 months HDPE 15,505 6.80 7.80 Traces
SO2 Glass 15,840 5.30 9.00 Traces

(Murthy et al., 1982)

V I . Studies conducted at KAU

Fruit Treatment Nutrient change Author
1. Fresh mango Before canning Ascorbic acid -  8 

m g/100 g Kunakose, 1982
Mango slices in Canned 2.6 mg/100 g
synjp

2 Fresh mango j - 28.13 Jyothi, 1997
Mango pulp 1 Icat treatment 12.45

_________ ____ . U  —  -A-------- -M —

3 Fresh Banana - _______ 7 m g _______ George, 1994
Dried Banana Osmotic 0 2 nig
product 

4 fresh pineapple
dehydration

'i
32 mg Han.199S

Dried pineapple I )chydration 0 4 mg
product 

5 Fresh papaya 
Papaya leather

--------1

Sun dried
56 mg 

1 8 75 mg Chcnan. 1998

Papaya butter Preserved using 
sugar

23 52 mg

6. Fresh papaya 69 06 Chandran, 1999

Papaya jelly Preserved using 
sugar

23 86

2637. Cashew apple 
pulp (fresh) Srccja, 1996

Cashew jam Preserved using 49.86

C jkIw w  candv sugar 16.66
' _-O i l l  I V  l/ IA l IV IJ

8 Fresh lack fmit
______ __ * ----------------------------------

7.00
Oommen, 1995

Dried jack fruit 
___product

Osmotic
dehydration

0 18 mg



Concilia ion

Thus we have seen the various methods of fruit 

preservation. These preservation methods add value to the 

finished producl which is whole some, nutritious and 

available round the year. Each method has its own 

advantages and disadvantages and a judicious combination 

of these methods should be adopted for economic and 

successful fruit preservation.
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DISCUSSION

Q. Which is the most abundant mineral found in fruits?

A. Potassium

Q. Is there any classification of chemical preservatives?

A. ies. I.P.O. classifies the chemical preservatives into 
two - Class I and Class II preservatives. Class I 
includes the natural preservatives and Class II 
includes the chemical preservatives.

Q. Which is the best method by which there is maximum
retention of nutrients?

A. Cryogenic freezing

Q. Why vitamin C is retained more in cans than in glass 
bo 1.11 e s ?

A.  V i t a m i n  d i s  a nutrient that will be destroyed by  
oxidation. In cans, the oxygen in the can headspace 
w i l l  be removed by the exhausting process. So the 
v i t a m i n  C will not get oxidized and it w i l l  be 
r e t a i n e d  in cans. Hut in glass bottles, the oxygen
p r e s e n t  i r i it will oxidi/.e t lie vitamin C and so there
will 1 if • ( ' i n •; i d< • r a b 1(* loss < > 1 this vitamin.

q . o f  tic- z1 types of drying, sun drying and mechanical
drying, which drying method has more retention oL 
nut r i onts ?

A.  Mechanical drying lias more  r i ' i  ent ion ol  nutrients than 
sun drying. Sun drying being a rapid drying process 
n u t r i e n t  loss will be more in that compared to
mechan i ra I dry i rig .

0. Which pasteurization method is best for wine making?

A. HTGT



abstract

India ranks number one in world fruit production 
with a share of 42.17 million tonnes (Chadha, 1999). 
Fruits in human nutrition make the diet balanced which 
leads to the development of sound health and happiness of 
human beings. Fruits are rich sources of valuable 
vitamins, minerals and other nutrients and therefore are 
considered as 'protective food' (Singh, 1995).

Fruits are highly perishable and hence to reduce 
wastage and to niriko it: available throughout the year, the 
fruits should be processed into value added products 
(Khurdiyo and Hoy, 1985). The 1ruit processing industry 
has been declared as a thrust area and is now a potential 
earner of ror'-ign exchange through export of processed 
fruit products (Kapoor, 1991).

There are various methods of fruit processing and 
presorvrjt ion. These include physical methods and chemical 
methods. T h e s e  ni(,t tiods can change ( ruits and vegetables 
into new or mere usable terms and make them more 
ronv'-r; i ent to prepare. P.u t considerable* nutrient loss 
occur.'! during pr*•if* rv.11 ion and storage ot fruits which
has to be given special al tent ion ( Kh u rd i ya, 1 9 9 j ) .

F.ach met hod of  f r u i t  p r o c e s s i n g  and p r e s e r v a t i o n

has its own idvanlages and d i sadvant ages . do a judicious
combination of these methods should be adopted tor
minimising the nutrient loss and also for economic and
successful fruit preservation (Khurdiya, 1995).



BIO AVAILABILITY OF MICRONUTRIENTS FROM LEAFY VEGETABLES

By

Vincctha Kumaran 

(2000-16-01) 
M.Sc. (Home Science)

SEMINAR REPORT

■bmitted in partial rninilmcnt for the requirement o f  the course No.
llnm, Sri^nrr fiSI. Seminar

d e p a r t m e n t  o f  h o m e  s c ie n c e
COLLEGE OF HORTICULTURE 

KERALA AGRICULTURAL UNIVERSITY 
VELLANIKKARA - 680 656



D E C LA R A TIO N

I, Vineetha Kumaran (2000-16-01) hereby declare 

that seminar entitled " BTOAVAT INABILITY OF MI CRONUTRT ENTS 

FROM LEAFY VEGETABLES" have been prepared by me, after 

going through t tie various references cited here and has

not been copied from my fellow students. r .r V a *v

Vp 1 1 /j n i k k r i r a Vi nee I h 3 K urn. i r a n
fM fp : 1 1-V 001 ( 2000-16-01)



CONTENTS

SI.
No.

Title 1Page No.

1. Introduction 1 1

2. Bioavailability of [l-carotene 7

3. Bioavai1a b i 1ity of iron 1 3

4 . Bioavai1a b i 1ity of calcium 18

5. B i oavailabilily of zinc 21

6. Leaf concenfrot os 22

7 . Cone 1 usi on 23

8 . Re f e ren< ;os 24

ri. L>i sous:. i on HI

Abst r -1'' • 12

________ _



BIOAVAILABILITY OF MICRONUTRIENTS FROM LEAFY VEGETABLES
1. Introduction

Leafy vegetables form the most nutritive menu of 
man and tone up his energy and vigor. They are within the 
reach of poor man and occupy an important place among the 
food groups as they provide adequate amounts of many 
vitamins and minerals for human nutrition. They are rich
sources ot P-carolene (a precursor of Vitamin A), vitamin 
C, riboflavin, folic acid and minerals like Calcium (Ca), 
Iron (Fe). They are fair source of protein. When compared 
on a dry basis they are equal to legumes in protein 
content (29.8 g/100 g).

According to Gopalan et al . (1999) the nutritive
values of some commonly consumed leafy vegetables of 
Kcra la (per 100 g ot odi hIe port ion) are:
Name Protein Carotene Vitamin Fibre Minerals Ca Fc

0»B) C (mg) (B) (mg) l mB)_ (m s)_
Amaranth

wmm f

4 5,520 99 1 2 7 397 8 49

Chekkumams 6 80 5,706 247 14 3.4 570 28

Colacasir. 6 80 12.000 63 1.8 2 5 460 098

(black)- A  ____I . _ _
Cowpea
leaves
Drumstick

9 40 6.072 4 1 2 1.6 290 20 1

6 7 6.780 220 0 9 2 3 440 0 85

leaves .

Pumpkin
leaves

4 60 - - 2 I 2 7 392

-  V a l u e s  not »' >rt I (Go| »alan of a I. , 1 999)

These n u t r i t i v e  values are determined by chemical 
analysis and may he quite misleading in terms of nutnent 
status of a food. Apart from amount, what is more 
Important- in to see whet her those nutrients are present 
in a form that: can be utilized through metabolism, i.e.
whether the nutrients are bioavallable? Unavailability



effects the nutritive value of foods. A laboratory 
analysis tells us that a food contains specific nutrient 
but it does not mean that those nutrients are present in 
a form that is available to our body. Here comes the 
importance of bioavailability of micronutrients.

Bioavailability
Bioavailability is defined as the degree to which 

food nutrients are available for absorption and 
utilization in the body (Epsy, 1977). Thus 
bioavaiiabi 1 iry of nutrients are related to the 
efficiency with which the nutrients present in foods are 
util L z e d  tor performing bio Logical functions. These 
include:
1. Release ot n u t r i e n t s  into the gut lumen from the food 

m a t r i x  f o l l o w i n g  digest ion.
2 .  U p t a k e  by  m u c o s a l  c e l l s  and t h e i r  t r a n s p o r t  i n t o  t h e

b o d y .
3. W h e r e v e r  a p p l i c a b l e  c o n v e r s i o n  ot precursor! to active 

i n g r e d i e n t s  in the mucosal cell (Vi tayaraghavan,

1 9 9 f t ) .

Mar i /  v i t a m i n s  a r e  pi"S'Mit n a t u r a l l y  i n f o o d s  in 

bound form. S i m i l a r  i s  t h e  r a s e  w i t h  m i n e r a l s ,  w h i ch  

a d v e r s e l y  a l l o t  our a b i l i t y  In use them.  Gupta and 
S a x e n a  ( 1 9 / / )  r e p o r t e d  t hat  t h e  i n c i d e n c e  ol  n u t r i t i o n a l  

d e f i c i e n c y  d i s e a s e s  w e r e  h i g h  in v e g e t a r i a n s  th a n  non 

v e g e t a r i a n s .  T h e y  h a v e  a l s o  r e p o r t e d  t h e  o c c u r r e n c e  o f  

vitamin A, a n a e m i a ,  D c o m p l e x  d e f i c i e n c i e s .

Why do m  care about ■oaauring bioavailability?
Bole o( bioavailabili tV is Important in

. i. r 0(111 i romont rind 1  n(j tho5i0estab 1 ia h knq nurri ent requircmeni



requirements in food labelling. The amount of a nutrient
in food that the body can actually use may vary depending
on age and physiological conditions. Nutrient drug
interactions may alter nutrient bioavailability and thus
effect the nutrient status of individuals who are taking 
such drugs.

Nutrient availability is also important in testing 
and marketing ini ant foods, nutritional supplements and 
enteral formulas.

S o  k n o w l e d g e  o f  n u t r i e n t  b i o a v a i l a b i l i t y  i s  a key  

t o  u n d e r s t a n d  t h e  r o l e  o f  n u t r i e n t s  in  m a i n t a i n i n g  human 

h e a l t h .  I m p r o v e d  k n o w l e d g e  o f  n u t r i e n t  b i o a v a i l a b i l i t y  

h e l p s  1  n p r o v i d i n g  d e f i n i t i v e  q u a n t i t a t i v e  d i e t a r y  

g u i d a n c e ,  i f  c a n  h e l p  us  t r a n s l a t e  what  we know i n t o  

o p t i m a l  and d e s i r a b l e  e a t i n g  p a t t e r n  and 1 ood c h o i c e

fPri^v isgf-)' »—i J> j  / i. .> . ) •

M i c r o n u l  r i “ nt d e l  i c i e n c y  a f f e c t s  a p p r o x .  ? b i l l i o n  

p e o p  i e wo r i d  w i d e  ( r o u g h l y  1 / i o 1 human ra< e ) . As a 

r e s u l t  o f  mi*'  ronut r i ent d o t i e i n n e y ,  a l a r g e  p r o p o r t i o n  o f  

t h e  w o r l d s  p o p u l a t  ion i s  p l a c e d  at r i s k  ol  d i s e a s e s ,  

d i s a b i l i t i e s  a n d  e v e n  d e a t h .  The m a j o r  n u t r i t i o n a l  

p r o b l e m  in I n d i a  a r e  v i t a m i n  A d e f i c i e n c y ,  i r o n

d e f i c i e n c y  a nd i o d i n e  d e l  i e i e n t  y .

Mi* rorni t  r i erif s ar«» d e f i n e d  as  d i e t a r y  c o n s t i t u e n t s

w h i c h  a r e  om<> M m  I l » r  gr owl  I. and d o v e  I opmonl  . They  a r e  

a l s o  e s s e n t i a l  l o r  m a i n t e n a n c e  o f  a d e q u a t e  d e f e n c e  

a g a i n s t  i n f e c t i o n s ,  d i s e a s e s  and t o r  many o t h e r  m e t a b o l i c  

and  p h y s i o l o g i c a l  f u n c t i o n s .  K ve n th o u q h  t h e s e  a r e  24

minerals related to human body only lb minerals are
, i . n -irtt i e v e  s a t  i s f a c t o r y  r a t e  o f  n e c e s s a r y . T h e y  h e l p  t o  a c h i e v e

. » , nH h e I d s  t o  m a i n t a i n  o p t i m a l
g r o w t h  and development an

health, fn human, minerals are presen



. In combination with other inorganic ion
in com*?inal ion with other organic ion

- As free ions.

Vitamins can be mainly divided into two. fat
soluble (Vit. A, Vit. D, Vit. E, Vit.K) and water soluble
(B complex and  V i t .  C) . The main functions are
1 ) body maintenance
2 ) body regulating
3 ) cofact o r .

M i c r o n u t r i e n t s  do not  u n d e r g o  an e l a b o r a t e  

d i g e s t i o n  p r o v e s s ,  most  o f  them do not  r e q u i r e  an y  m a j o r  

s t r u c t u r a l  -i 1 * e r n a t  ion to get absorbed. However d i g e s t i o n  

i s  essenti-jl : r liberation of vitamins ar j minerals from 
proteins, * a* r ~arbohydrabes, w i t h  wnich they a r e

r  1 1 - f - r- — •: , * , r\nO L  IT id 1 i  /  n  . . ... _ i r i  t .

Th'"- -jr s o  rr t : on o f  mi sronutrlents commences in
4.

3 1  oma c h , wr.e r a . . r- j l  1 J r - j 'T  i r r. : i w a t e r  s o . u b . e  v 1 1  am i n s

( e x c e p t  7 .  * . H: ) -j,ri i m i n e r a l s  a r e  i b s o r b e d .  Most

a b s o r p f  i o n  * - try-:'  p l i ' o  i n s m a l l  i n f e s t  i n c .  i he re  \ i t  . Bir 

1 3  --jbrio r f t*‘'\ wi t  h * hr> r i i d irit r i TiS i c  t a c t *  i s  s e c r e t e d  by

g a s t  r j r p-i r ; r*r»r -i 1 »*e 1 1 s  . Kit s o l u b l e  v i t  aml no a re

a b s o r b e d  i r. < v / , -  i i on w i t h  b i b *  m l '  mi . r e l i e s  t o g e t h e r

w i t h  f a t f y . j ' i * l m orn  *«1 1 y< t i • 1 . A b s o r p t i o n  f a i l u r e

r e s u l t s  f r ' rr. m,i i n rauruvs ,  n am e ly  d e f i c i e n c y  in

digest i or. and  re' io n , damage to b r u s h  b o r d e r  and

mu c os a  1 c e l l s  and nonphysiological f a c t o r s  ( e g .  p r e s e n c e

of n u t r i e n t  a rjon i sts in  foods) .

Factors effecting the bio.rsilsbility of micronutriants: -
1) Chemical form in which micronutrients are present 
21 Nature of other dietary constituents



3) Stability to cooking and processing
4) E f f i c i e n c y  of an  i n d i v i d u a l ’ s  d i g e s t i v e  svste®

1) Chemical foon j.n which roicronutrients are cresent
Certain nutrients may be present in foods 

chemical forms that are biologically unavailable, for 
dietary Fe exist in 2 major forms, namely heme Fe 
nonheme Fe. Heme Fe is found in animal foods ar.o nor
Fe found in riant foods. The 2 forms
different mechan isms. Heme Fe is more effectiv 
absorbed (upto 2 2 1  of dietary content) than ncnheme 
from plan" sources (cereals 1-6* . Simclarlv Zint Zr.
foods of -jr. im.ji o n :  in
plant foedr

2 ) Nature o r "h her :: nst : ■:uen _s
The irif luer.'V r othe-

b I  0 '1  V cl 1 I ' J r  1 - . » -■ - * 1 •- * _ i i

t h cji ic •"
. ' » f r i # i V  i  i  .  i r  .  . .

a t d o r p *  i o :  G r  «r.y l r torgar i  i <’ : d r  a - ' C
- —  *u. -« I

(Cu) -ire * r,-l»*peri'!«*nf -ind i
* -* • , . . ’ ’ * ► *" or h "depend or, specific vit-imirri. a *• -r ■- - 111:1

absocpt ion r / > I mu I -I’ I rig the synthesis f •»
protein in i-n' r. in'” ' in-’I tissues.

Hega'ive influence on bloava i lab 1 1 i I y is exe
mainly by t ho nor, nutrient constituents like oxalic a
phytic acid, proteinase inhibitors and a v i d m .

m  raw foods, these substances are normally
in separate compartments away from nutrients but
i n t o  contact during processing or digestion in the
At intestinal P« (alkaline) oxalic acid, phyt  i acid

r *! €?’ i 
cid,

he i J 
cc^e 
gut. 
and



avidin reacts with the respective nutrients to form
insoluble complexes which are not readily absorbed there
by rindering the nutrient unavailable. Oxalic acid forms
oxalates, precipitates with dietary Ca, while phytic acid
forms insoluble phytates with Ca, Fe, Zn and possibly
other metals. Avidin reacts with vitamin biotin and makes 
it unavailable.

3) Stability of cooking and processing
The mi oronut: r ients are most adversely affected

during food preparation. The extend of loss of a given 
nutrient varies with method of preparation. Losses from 
boiling can be minimised (especially the water soluble 
vitamins) it rooked water is retained.

4) Efficiency of gastrointestinal tract
Generally » he* efficiency of digestive system

ij -j f i f;'', from individual to another, with higher efficiency
in females t han in males ol same age and in adolescents
than in elderly. Thus the availability ol a given 
nutrient to any V individuals consuming exactly the same 
diet: may not r , c r , r  i I y be t If name. For eg., the
availability '■> <■"..........  vitamin.". depend on the bile
salts s,r,..t ,„g parity of liver, chronic infection by

. . „ 1 1 ir, f f» j mnfi i r I I> i c>ri vri i 1 c11> i 1 i t y of i cl t s fgut pr i ras i fo^  irviun to MMr ,n 1

ii \r; i 11 v i I folio fir i cl $ V i I . A eindvi trim inn or*pr'<' i ̂  1 1 y ' '

mineral nutrients particularly if and
The major micronutrients present in leaty

_ h t m v i i  lbi I if V studies have beenvegetables and whose bio
. . t / j ,  i r n i r i i  -  B - c a r o t e n o  ( P r o  V i t a m i n  A ) ,carried o u t  a r e  V i t a m i n - ’ i

Minerals - b a , Fe and 7.n.



The most active part of the plant is the leaf, 
where in the photosynthetic process occurs. Many 
nutrients are concentrated in the leaves such as protein, 
Vitamin A, Vitamin C, Fe and Ca (Wenck et al., 1980).

2. Bio availability of p-caxotene : Pro Vit. A in the form 
of carotene and other carotenoids is commonly found in 
plant foods. Vit. A activity in plants resides in the 
carotenoid pigments, which are precussor to the vitamin 
in the animal body and therefore designated as pro. Vit. 
A. This is converted to retinol in the small intestine. 
In many developing countries including India the main 
source ot dietary Vit . A is carotene. Unlike retinol, 
carotenes are not absorbed completely. Studies in adults 
with carotene rich 1 oods present in t heir habitual diets 
of Indians have shown t hat on an average 50* of dietary
carotenes urf' absorbed (Bao, 1998) . [1-carotene is the most 
predominant provit . A in all lealy vegetables 
const i tut i rig 10-907, ol total carotene, except in 
fenugreek b-.c/es containing more than 80*. Highest
concentration ol -ra rot m w  in drumstick, agathi leaves 
15-20 mq/100 Am.,r.,„ Mi - H-10 mq/100 q, r.ogu - 5 mq/10n

0 ■
.nl.i i nr, modest amount s of (i-carolene but

since they are consume, I frequently and in greater
amounts, no conlrihule significantly to vit. A content of

diet..
Analysis of Ions familiar leafy vegetables

(Tulasi, ponnaqant .1-8-10 mq of (1 carotene) 
substantial amounts of p-caro.ene indicating that many of



the less familiar leafy vegetables are on par with 
cultivated species (NIN, 1994b).

Devadas and Saroja (1979) conducted studies on 
bioavailability of fi-carotene and Fe from amaranth and 
found that their daily inclusion in diet is capable of 
combating Fe and Vit.A deficiencies.

Season also has an influence on p-carotene content 
and this seasonality varies significantly in leafy 
vegetables (Bhaskarachary, 2000; Mathew et al., 2000).
Eg. Agathi, hibiscus, drumstick, curry leaves - higher 
cone, during summer and mint and spinach during rainy 
season.

As 1 ̂  r as bioavailability of micronutrients from 
plant foods are concerned several factors like rate of 
release from food, size ot food particle, dietary fat, 
fibre, protein intake, 1 ood processing, presence of 
infest i n ri 1 p a r a s i t p can inhibit or f a i i 1 i t a t e s their bio
utilization.

The absorpt ion ot (1-carotene is the first 
permissible s t e p  in conversion ot vit. A and conversion

i n r  t .v - I  l u l - . r  . T h e  m.i j u t  h i ' "  ■'( c o n v o r s i o n  ol  P -

carocr." V i i . A  i :i H i "  l n t . v i H i i . i l  mnroh.i w i t h  t h e  h o l p

of enzyme dioxygenase.
. n r . m i p n i '  t o  V i t .  A but  t h i s  d o es  k i d n e y  c a n  a l s o  c o n v e r t  , i r

not happen in man to any significant

^ Jl-i - i r n l  ono t o  V i t  • A % Regulation of conversion o f p _ —  ------
• - severe, but not mild protein1) Dioxygenase activity

deficiency lowers activity
2 ) Starvation has no effect

Ot h e r  t i s s u e s  such  as  l i v e r .



influence

3 ) Vit. A  deficiency increases activity
4) Dietary protein - Biological value

conversion
5 ) Zn status Deficiency interfers
6} Vit. A status - Deficiency interfers

Studies at NIN showed that absorption of p- 
carotene is higher than that of total carotene in both 
adults and children. The absorption of total carotene and 
0-carotene from pumpkin leaves in meal form was found to 
be 58% and 12. 75% respectively, showing that the
percentage ol absorption of p-carot;ene was higher than 
total carotene (Chandrasekhar ei al., 2000). It is some
what surprising flat a that p-carotene absorption in man is 
limited and the absorption varies from one food to 
another.

Ther" . j  r • wid«* variations between individuals in 
abso rpt i on of p —carotene I rom t he same dietary sources and 
it was observed f hat crystal 1 i ne P—carotene is tar more
effective 1 y absorbed t han P~carotene from any food
sou re**s, including r<*d pa 1 rn oil (Ran i , 1 8 (*) .

F e rcent u g ' -  r»‘ . i b ’ t n r p i  i n n  o I  p c , 1 1  ol  o n e  i n  

subjects from different I ood source:.
diltoront human

ood sources

Amaranth 
Leaf concentrates 
P-carotene 
Papaya
Rjed palm oil

--- ------- ---
Subjects

41
70

2 5 6 7

7*» 61 45 - -
r u

' ~ 77 - - -

99
90

85

ir. 
001

- 09 9-17
_ ----- ------ ----- --- - - - -

_ - 65 - -

Thr> „ b . p  also i n d i c t -  .hat puro p-rarotene is 
bsorb^d alnoat ron,pletely, while -ho absorption I ™  

ood sources varies from 40 00%
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day -ere found to be better source of p-carotene than 
coarse or even mature leaves. Seasons also have an effect 
on the p-carotene content of leafy vegetables (Mathew, 
2000)•

According to Devadas et al. (1980) absorption of 
p-carotene in amaranth is lower than that in papaya and 
carrots. This may be due to the difference in fibre 
content.

Rani (1989) studies the impact of dietary 
intervention ol drums! ick leaves and egg in children and 
found that drumstick leaves had a better impact on Vit. A 
and Hb level when compared lo supplementation with egg. 
The reasons may bo*
1) Fe cord “ ri* ot drumstick leaves enhance the

b i oa va i 1 ab i 1 1 1 y < > 1 ’/if. A
2) Large amounts ol Vit . C present in drumstick leaves

enhances absorption of Fe and thereby increasing the
Hb con t wi f .

ft h'-ari established that p-carotene and fat
must bo pro::..Ml mu 11 noons 1 y in I ho gut lor effective 
absorption. A-'or ding ... r.iH and Nnndhini (198b) a 
dietary fat at lot l-v-l is promising for preschool
c h i l d r e n  lor a lo, . or ul Mina, ion of p-carotene from

• ■ I .i | ho ahsornt ion of
amaranth. K**su 1 f s also i n d n a  fl

.ail than from sunflower
P-carotene was more for groun
oil at both 10 and ?0 g lovels.

. . * i t' a m t  ene in human studies
Percentage abnorpt ion of tota

With 20 q fat___

BR.B
(Girl and Nandhini# 1985)



in India, a substantial population of rural poor 
and urban slum dwellers use little or no fat in their
habitual diet. Since it is in this very segment of 
population that Vit. A deficiency is seen, it becomes 
important to determine the extend to which dietary 
p-carotene is absorbed.

Sood and Bhat (1974) observed a loss of 5-83% of 
p-carotene durinq preparation.

When green leafy vegetables were fried in little
oil/ resulted in higher loss of Vit. A when compared to 
green leafy vegetables boiled in restricted quantity of 
water 'Pa:., r'ir" .

But studies by Rani et al. (1 995) showed higher
retention ol p-carotene when cooked in small amounts of 
oil (retention fringed between 41-100%).

C h a n d r a s e k h a r  at al. (2000) found that poriyal
form of pump) i n l*‘uv<‘S helped to retain higher amounts of
p-carotene in adults. This may be due to extraction ot fat 
soluble earotenoids in the fat . Rhaskararhary el al.

(1990) found santAing a:; the best 
Steaming, »-o'/king with
cooked w 11 fe<ut I id.

met hod followed by 
1 i, ] ,,nd least retention when

Mean retent i »ri of
simple processing

t of a 1 c 
of vegel

Vegetable Carotene Raw

Green Total 116
leafy carotene
vegetable p-carotcnc 5 6

r  I 1 » l o t )

Cooking
without

With lid Steam Sauteing

63 67 9 73

38 47 53 67

/ oftfin \ r o n o r t e d  t h a t  i n s p i t e  o f  
L a k n h m i  n n <1 V i m a l a  ( 2 0 0 0 ) r e p o r t e

. vlt r, green leafy vegetable
siderable lonn m  vit.



powders retained good amounts of R-r^r^f
tene. Thus drying

these leaves does not alter absorption.
Peddi et al. (199«, showed ^  ^  ^

elevated temperature in the presence of 02 is said to 
cause conversion of all trans carotene to cis-carotene.
which decreases the Vit. A arfivit-w na ct iv i ty .  P-carotene content
remained stable upto IS Hn,o „days in gogu pickles (96%
retention). But nearly 80% of carotene was lost after 60 
days of preservation (Bhaskarachary et al., 1 9 9 5 ).

Sauteing by addition ol tamarind or tomato in 
preparation ot dhals with amaranth has better retention
of total (92%) and P-carotene (72%) compared to ordinary 
cooking. The studies conducted by Rani et al. (1995) 
revealed that the presence of weak organic acids help in
higher retent ion of p-ourotcne in the case of chutnies 
containing g re-on chi I I ion, tamarind etc.

Thus, undeniably the b i ou va i 1 abi 1 i t: y ol carotenes 
from plant foods is lower than I lie performed Vit. A. But 
thin does riot imply that carotene i icli foods are not 
e f f ec t i ve in m m b a  t i ng V i I . A do I i c i ency. 1 I they a re
consumed in adogu.il e amounts they can meet the daily 
requirement ; of Vit . A. They also provide Re, lolic acid, 
Vit. C and other rni cr onut r i ent s .

3. Bioavailability of F© : Types of dietary Fe: There are 
two distinct types of dietary Fe, heme and non heme Fe. 
Heme iron is a const ifuent of hemoglobin and myoglobin 
<*nd is therefore present in meat, fish, poultry. The
second type of dietary Fe is the non heme Fe. It is found

■ -»ii fond of plant origin, to varying degree in all
that the amount of FeAccumulating evidences demons t. r«



potentially available from food depends not only from the 
amount of re intake but from the nature of Fe present and 
composition of the meal in which it is consumed. Thus, 
the total Fe content of a diet is poor indicator of
amount of Fe that is really absorbed and utilized
(Hallberg and Rossander, 1991). The absorption of non 
heme Fe in d i e t  can vary upto 10 fold depending upon the 
dietary c o n t e n t  o f  inhibitors. Eg. dietary fibre can 
alter d i e t a r y  Fe bioavailability (Devi, 2001).

I t  h a s  b e e n  s e e n  t h a t  in  g e n e r a l  Fe f rom a n i m a l  

f o o d ,  e s p e c i a l l y  m e a t ,  i s  a b s o r b e d  3 - 4  t i m e s  more t h a n  Fe 

f rom v e g e t a b l e  s o u r c e s .  E x c e p t i o n  a r e  e g g ,  m i l k  and i t s  

d e r i v a t i v e  in  w h i c h  t h e  p e r c e n t a g e  o f  Fe a b s o r p t i o n  i s

s i m i l a r  t o  t h a t  f o u n d  in v e g e t a b l e  f o o d s  ( S a n t o s  e t  a l . ,

1 9 8 0 )  .

,irid i s  t a k e n  up by  t h e  b l o o d ,

j ;; i he* p e r c e n t  a g e  o f  i n g e s t  ed Fe that

I r>r rn»*lab«il ie ac t  i o n .  Poor  Fe

ias b e e n  r e p o r t .e d  e x t e n s i v e l y  a s  a p r i m e

B i o a v a l i a b i l i t y  i s

b i O a V a l i a b i l i t y  has
f a c t o r  i n  ' ' > f • • • i d * • r i 11 g

bi  o a v a i  I a b  i I it /

abnorpt i o n : i nt rike ( M 
Adapt at ion 

• absorption

( 1 ) Phys i o 1«>«} i < a

B i oava i 1a b  i 1 i t y r 
In t he abi 1 i t y <



to physiological demands and to the bioavailability of 
dietary Fe (Cook, 1990).

Absorption of Fe occurs in small intestine and it 
is most efficient in upper portion (Conrad, 1970, Rao, 
1977). Its aboorption is affected by several factors. One 
of there is the body's need for Fe. Eg. Pregnanacy 
increases the need for Fe. A large percentage of 
available Fe is absorbed when a woman is pregnant than 
when she is not (Hallberg, 1987).

In Fe deficiency state the non heme absorption can 
increase about 10 fold and heme Fe can increase upto to 2 
fold.

Another thing which aflects absorption is the 
state in which le occurs. Readily soluble forms and Fe 
compounds in n ferrous state are more efficiently 
utilized t han ot tier forms. Ferric ion (Fe3 ) is poorly 
absorbed, much ' > t Fe in food is in ferric form. Fe 
absorption will b** improved if 1 o is i educed to fe 
within the irit'e;t inul t r.ict . This reaction is favoured by 
an acidic medium (Ku 1 , 1797). Reducing agents like Vit. C
and presence ot a c i d i c  medium i.ivnurs absorption. Rathee 
and Pradhan M'iMO) r.'pori ml .in in.-in.isi> in absorption ot 

when Vit. r was snpp I emonl ml with o o g . This may bo 
because Vit. r: servos as a vehicle not only to counter 
act the inhibiting of Tor:l of nqq in diet, but also 
increase the Fe absorption from normal diet. The reason
may be  its role in .he r e d u c t i o n  of Fe to more soluble
F forms an Fe ascorbate chelate thusferrous state, it forms
improving Fe absorption in body.

According to Hague and C h a R r a b a r . i  (1982. 1 *
absorption of Fe can be Improved by administration o



protein. Kroe et al. (1966) suggested that the formation 
of Fe amino acid chelates increases Fe absorption.

The total Fe in green leafy vegetable ranged from
1.9 _ 1-8 mg/100 g fresh edible portion. The Vit. C
content of green leafy vegetable ranged from 21-135
mg/100 g edible portion. According to Reddy et al. (1998) 
the availability of Fe depends upon the maturity of
leaves. They found that there was a rise of total Fe
content and a decrease in the percentage of total 
available Fe in leafy vegetables with advancement of
growth

Certain substances combines with Fe in intestine
to form insoluble compounds which cannot be absorbed. 
Important among these are phytates, phosphates, oxalates 
and fibre. Fe 1 rom vegetable origin was much more
surrounded by these inhibitors than le 1 rom animal origin 
(Dokkum, 1992) . The excess ot phytate in the diet reduced 
t h e pprcpnt age- of !• e absorbed from intestine. The
polyphenol-', and phytate:; in plant foods are known to bind 
with non f.«-m<- K«- ami thus inhibit its absorption (Craig,
1994). Though dietary fibre' has many advantages like it 
is e{for t .v p in reducing incidence ol obesity, 
hype rrho I ».•! I r.*na. divert irula. disease, colon diseases
and c o n s t i p a t i o n  they bind with divalnni metal ions and
thus make ,t unavailable. Kowsalaya and Mohandas (1999)
estimated the a n .  I - n u t ritiona 1 factors present in raw
leaves of cauliflower and reported .hat Tannins - 1 . 6

. , , 1 0 0 ,. a,....... T-eafy V a r i a b l e  andOxalates decreases Fe absorf Pet
• o n v 1 iir acid which inhibits to 

other vegetable contains
absorpt i o n .



Nirmala et al. (1985) reported total Fe content in 
amaranth to be every high when compared with cereals and 
pulses but absolute available Fe content was very less 
compared to total Fe content. This may be due to the 
presence of phytate, phosphate, oxalates.

Foods Total Fe from food 
(mg/ 1 0 0 q)

Absolute available 
Fe (mg/100 g)

Cereals
Parboiled rice 2 . 8 0.23

Pu Ises
Red gram 3.8 0.76

G . L . V .

Amaranth 7 . 5 0.4

Ponnangarin 1 7 • (l} 0.28__
1 X M . A 1____  1 n o t \

T h e  s i g n i l i c a n t  i n c r e a s e  i n  a b s o l u t e  a v a i l a b l e  F e  

i n  d u e  t o  d c c r c a s f  i n  p o l y  p h e n o l s  a l t e r  c o o l i n g  t o  a b o u t

20-501  ( K a k r j d o  a n d  A g i o ,  1997 ) .

C,t u d  i e s  c o n d u c t  o d  b y  l l a l l b e i g  c f  a l .  ( 1 9 8 3 )  a n d

A r o r u  ( 2 0 0 0 )  *..i o l  c o o k i n g  o l  l o . i l y  v e g e t a b l e s  i n

F e  e t e n n i l n  s h o w - . ,  „ n  i n c r e a s e  i n  l o t . , 1  a n d  i o n , s a b l e  F e ,

. . I lw, , s p i n a c h ,  f e n u g r e e k .  The
h I g h e n t  i ri ,ifn«i r . i nI  *in 1

l i t  d i f f e r e n t  v e g e t a b l e s  d i f f e r  in
r e s u l t s  s u g g e s t e d  ' h a t

thei r capacity  I n n o i v e  Fe Iron, Fo pans. The increase
in Fe cont.ni of food., by cooking in Fe utensils to a

■ on tho type of p r e p a r a t i o n  of
v a r i a b l e  e x t e n d  d e p e n d s  on YI

i u n i  there w a s  11 s i g n i f i c a n t
f o o d s .  I t  w a s  n o t i c e d  ,v 1 « fo in each vegetables due
I n c r e a s e  i n  t o , a .  a n d  I o n  ^  g o l u M U z e d  F e

t o  o n e  o f  « * . - - ■  i h (  l o n i M b l .  F e  d u e  t o  t b e

from p a n  a s  well a s  m e
r m n t p n t  present i n  il.

d i f f e r e n t  a c i d  a n d  V i t .
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content but ionisable iron at pH 7 5

which ranged between 2-5% when cooked 
(Usha, 1994) .

showed increase 
in glass vessel

4  1

c
e

4

j 3 9
(8
0 3 . 8
C
O

3  7
©
3 3 6
0wj
n
<

3 5

3 4

(Usha, 1994)

Effect of boiling of amaranth (green) with different 
cooking vessels on ionisable iron (%)

Glass Aluminum Stud Iron Mud T e lo n

coated

Bo i I 1 f u} and  f r y i n g  of  g r e e n  l e a f y  v e g e t a b l e s  in 

d i f f e r e n t  e o o k w a r c  1 n d i c . 1 t ed  tli . it g l a s s ,  mud, s t e e l  and 

t e f f l o n  c o r i f f d  vf-s.urd s  w e r e  i ne r t  I ra r o o k i n g  w h e r e a s  in 

a l u m i n i u m  v »d ' ,  t h e  1 < >w»•:;t i o n i s a b l e  i 1  on was 

o b s e  r v p r ] , I r o n  v r i n p  1 n i n c r e a s e d  t o t a l  i r o n  c o n t e n t  but  

t h e r e  w a s  r.o s  i gn i f i r a n t  i n c r e a s e  in t h e  i o n i s a b l e  Fe 

content i n d i c a t i n g  t f i a t  c o o k i n g  o f  f o o d s  in i r o n  v e s s e l s

has no beneficial effect in the body.
E x c e s s  or u n a v a i l a b l e  iron in t h e  body causes

heamosiderosis a n d  hence damages the liver (Begum, 1996).

Bioavailability of Calciu* : Ca exist in foods mainly
.v r firtors (phytates, oxalates, 

^3 complexes w i l h  o t h e r  <
. if.\ irom whicli must be released to lactate and f.it t y acids) I rom



be absorbed. 
gut - 
Favours 
Acid pH 
Soluble form 
Bile salt 
Lactose 
Vit. D excess 
Pregnancy 
Ca deficiency
Lactation

The factors affecting Ca absorption f r «

Decreases
Phytates
Fibres
Oxalates
Alcohol
Fats
Low protein diet 
Age
Menopause

(Reddy, 2 0 0 1 )

Leafy vegetables excluding members of goosefoot 
family, such • j ■*. spinach and chard that contain oxalic
acid, rank ricx1 t h e dairy products m  La content
These calcium are present as insoluble oxalates and 
cannot be absorbed (Wilson er. al., 1971).

Plant const ituonks of diet, in particular, may
reduce* Ca bioavai labi I 1 ty so t h c people who do not use 
dairy product s are lccss likely to obf a m  adeguate amounts 
of C a . O/aiat.'S present i r> leafy vegetables normally
binds with Ca i r > gut and the body excretes both together 
thus limiting Ca ahsorpi i on and a va i 1 ah i1 i t y .

V i t  Me d e f i c i e n c y  can reduce Ca ava i 1 abi 1 ity. The 
forms present in plant sources may include a complex with 
a  glucose molecule, which appears to reduce
b i o a v a i  l a b i  1 it y of other forms of Vit. B6.

C e r t a i n  plants such as rhubarb IRheum rhapontium) 
and 3pln„ch „ r, Itnown to contain rather high leve. o.

uxaIic acid (Lioner, 1 9 R 0 J *



Experiments conducted on a Hi,u  kQ °n adult h^nan by Pingle and
Ranasasthri (1976) showed that Ca in amaranthus leaves 
are poorly absorbed, when given along with milt and
indicated oxalate content as the reason for poor 
absorption of Ca. Marderosion et al. (1979) indicated 
that 40% oxalates in amaranthus is in free form and is
available for binding with Ca from other sources
contained in a diet.

The tender leaves of tamarind are eaten as
vegetables. The leaves contain oxalic acid (196 mg/100 g) 
and showed a Ca/oxalate ratio 1 : 1  at pH 4.5, indicating
that the leaves are good sources of Ca but oxalic acid 
affects their hioavai 1 a b i 1 ity (Shankaracharya, 1998).

According to Wenck nl 
interference on ahsorpt ion of
oxalic aci 1 pr.ece:.* .

al. (1980),
Ca depends

the amount of 
on quality of

Food Ca (I) Oxalates (I ) C a :Oxalate
5pinach 0 . 1 2 0.89 1 :7
Broccoli louver; 0 . 1 2 0.005 42:1
Mustard qr'>f-n 0.24 0 . 0 0 8 30: 1____ _ J (Wenck of al., 1980)

E'/t-nt hough the calcium in the foods cannot bo
used, if d imt rni *.m t li.it they should be abandoned.
Leafy veget ,ib I ««r; an- high m  carotene and iron content.

In a study of children (5-R years of ago) with an 
adequate intake ol calcium, no lessoning of absorption ol 
calcium was o b s e r v e d  by the addition ol a daily serving 
of spinach. f.o i. would appear that with an adequate 
intake of calcium, the free oxalic acid makes no
discernible difference in .he absorption of Ca (Wilson et
a l . ,  1 9 7 1 ) .



5 - Bioaro^ability of zinc : in general protein foods are 
best dietary sources of Zn and since protein consumption 
leads to de^-ine with advancing age, protein especially
animal protein a^so has a favourable effect on Zn 
avai- i 1 i t y - ihe vegetarians nay have higher 
rare irerents recause or lower availability of Zn f rom 
plant feeds {D e v i , 2 0 0 1 ). 
barters affect m e  In absorption

2r_ . ? a : c ; r t - e d  ir. t h e  i n t e s t i n a l  t r a c t  i n  body.
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development of gut during infancy is linked to the
absence of development of selective absorption process on 
one hand and presence of passive transfer of molecule 
across the developing gut wall, on the other hand are 
believed to be crucial (Venkatesh, 1994).

Gut absorption of trace element in infants and adult 
human subjects.

Elements Infants (%) Adults (%)
Fe 16-50 10
Zn 50 20-40

(Venkatesh, 1994)

unconventional food
6. concentrates

Leaf concentrat.es are 
resources of many nutrients like protein, Fe, folic acid,
Ca and p-caroteno. They are dark, almost black and may be
used as such or dried into a powder. It is prepared from
a variety of b-.ify ah 1 os (NIN, 1993).

M,i?hur of , j 1 (1999), Mundra and Mnthur (3000)
found >ha. C M C .  .,r«. oi led ivc in raising hemoglobin
value of o/por uneni .1 1 group rle.uly showing thal Fe in
L e a f  c o r i r : . w.,n o M e e M v e l y      . .ml was  b i o l o g i c a l l y  

a v a  i 1 a h  1<-».
\ it- .m 11997) found thatGov 1 nda s and dhanmuqaMundaram ( I f

, pp content increased
p-carot ene roril nnl , ‘ a,

Significantly in leaf concentrates.D , , children cannot consume large quantities
prRnrhool c a A

of leafy vegetables required to ^  meet RDi
child has to consume 100 q  ̂ apinach curd has
requirements. Results showed am advantages
10.,0, more P -carotene than fresh leaves.

are:



u  Since it is already heated, no further processing is
_ ATi 11 r*
2 ) It is devoid of soluble oxalates

3 ) Bioavailability of p-carotene and other micronutrient 
increases by consumption of leaf cone. than leaf.
Acceptability studies showed that they are acceptable
among preschool children.

7. Concilia ion

T h e  l e a f y  v e g e t a b l e s  a r e  r i c h  s o u r c e  o f  p -

c a r o t e n e ,  F e ,  C a ,  Mg, V i t .  C and o t h e r  m i c r o - n u t r i e n t s

but n o t  much i s  known a b o u t  i t s  b i o a v a i l a b i l i t y .  

E v e n t h o u q h  c o m p a r e d  t o  a n i m a l  f o o d s ,  b i o a v a i l a b i l i t y  o f  

m i c r o n u t  r i e n t  s  i s  l e s s ,  we can  im p ro v e  t h e i r

b i o a v a i l a b i l i t y  t h r o u g h  b e t t e r  c o o k i n g  p r a c t i c e s .  

P r i n c i p l e s  o f  c o n s u m i n g  b a l a n c e d  d i e t  w i t h

d i v e r s i f i c a ‘ Lon i n f o o d  i t e m s  a r e  n e c e s s a r y  t o  m a i n t a i n  

a d e q u a t e  m a c r o  and  mi e r n n u t  r i e n t  s t a t u s .  New c o o k i n g  

p r o c e d u r e  or  p r o i  e s s i n g  met h o d s  t hat do not r e s u l t  in

s i g n i f i c a n t  l o s s  of  V i t .  A a c t i v i t y  h a s  t o  be  a d o p t e d .  In 

o r d e r  t o  g«-t the- maximum n u t r i e n t s  t h e y  can  be combined 

w i t h  ot  fe* r ? >' >• I g r o u p s  and p n - p . m ' d .  An a l t e r n a t e  method

i s  i n r o r p o r . d  ,.| l - . l  I T " 1 1 ' 1 "  ' 111 ' " p r o v e d

v a r i e t  i e s  r.f ........ .. v e g e t a b l e s  w h ich  h a v e  improved

quant i t  i e s  o f  |l c a r o t e n e  c a n  be  " s o d  in place o r

conventional leafy vegetables (Bhaskaracharya, 2000).
M e l o n  i n f l u e n c i n g  n u t r i e n t

H o w e v e r  many f a c t o r .
. r l P i f  v v e g e t a b l e s  a n d  t hebioavailability from leafy

• mp mindful evaluation procedure difficulties i n h e r e n t  i n  m e a n i n q t u

, k  i n  t h e s e  a r e a  s t i l l  t o  b e  d o n e ,
l e a v e s  much r e s e a r c h  i n  t r
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g. Diac*1*®*-011

1 ) Ifhich are the improved varieties of
Which can replace the conventional leafy^

Pusa Bharati, a new TnrT stable?new Indian spinach has been
released by IARI, it claims that it

it can provide 1 0 0%

the
more Vit.C and 151 more p.carotene than 
conventional spinach (Sirohini, 1 9 9 3)
Similarly Arka Suquna is a multi-cut amaranth release

100 g of edible port ion is as f 01 lows.

Arka suguna Cont rol
Protein (g) 1 .72 4.0
Phosphorus (mg) 1 1 '1 . 20 83.0
Calcium (nig) '190. 2 397.0
Potassium (nig) 4 01 . 6 34 1 .0
Magnesium (mg) H R . 0 247.0
rron (mg) <1 R . 4 R 29.9
Oxa 1 ri t 0 l . 4 0% 1 . 97%
(f resh we i ghf ) >■i:; i :;)

Ni t raIe 0. 09% 0. 90%

(dry weight ha sis)

2) How 1  r

( V a r a l a k s h m i  e (  al., 1998) 
l e a f  c o n c e n t r a t e  p r e p a r e d  a n d  c a n  i t  b e

prepared rlr house hold level?
The leaf juice is e x t r a c t e d  a n d  then c u r d l i n g

t h r o u g h  w a r m i n g .  T h e n  i t  r a n  b e  c o n s u m e d  

d r i e d  i n t o  a p o w d e r  f o r m  a n d  incorporated i n t o  f o o d s .  

I t  can b e  p r e p a r e d  a t  h o u s e  b u t  i t  w i l l  b e  

E f f i c i e n t  b e c a u s e  t h e  a n t I n u t r i t i o n a l  f a c t o r s



**- m  leav^when concentrated but in 3 WiU increase
case nfpreparation the antinutri t-• commercial

removed and then concentration is ^  firSt
3 ) Which is the best c o o k i ™  ^  d°n0‘

coking method to be foi i
increase the bioavailability of • followed tc
leafy vegetables? lcronutrients fron

in order to retain P-carotene sauteing in 5 . 1 0 „
of OU 1S found to benef ic ia l  but in case of
like Fe, cooking along wiUl dcidi , , . mi"0ral

1, 1 c'lc foods like Vit f
rich foods in corroctcorrect quantity of water is
recommended. rl combination of methods like first
sauteing then cooking in enough quantities of water is 
found f o bo boric f i c i rj ]

4) Out of the leafy vegetables which one is the richest 
source of p~c»iro^ on**?

GO 1 r j r 7' I'» I f i | f * f j v t • f»
5) Is glass w,jrc used tor cooking?

'•/..imp I o is pyrex glass warns.



ABSTRACT
Leafy vegetables occuov • 

f , UPY an lmP°rtant p lace among
the food groups as they provide

adequate amounts of 
vitamins and minerals for human beings. Eventhough leafy
vegetables are available year around, deficiency of iron
and vitamin A exist. Onp ofe or the factors contributing to
this is the poor micronutrient bioavailability from
fOOdS.

Bioavailability is defined as the degree to which
food nutrients are available for absorption and
jtilizdtion in the body (Espy, 1977). Bioavailability
depends mainly on the chemical form in which nutrients
are present, nature ol other dietary constituents,
stability to cooking and processing, efficiency of 
individual ' s d i g e s  f i v * s y s 1. e m .

Th e  m a j o r  m i c r o n u l  r i e n f s  p r e s e n t  in l e a f y  

v e g e t a b l e s  w h o s e  b i o a v a i 1 a b i 1 i t y  s t u d i e s  h a v e  been

c a r r i e d  out , 1 1  < ■ [ i - c a  rot o n e , i r o n ,  c a l c i u m  and z i n c .  

St  ud i <>s :: 1 1  g ' | ‘ • t t hat  t In • b i o a v a i l a b i l i t y  o 1

m i c r o n u t  r i <ti I s  I r f <m I«mI y v»>g« •! ab  I a s  . i r e  lew compared l o  

a n i ma l  f o o d  o  The  ni i c  r emit  r l ent  :? in l e a f y  v e g e t a b l e s  a r e  

more sn  r rrmn la<) by  i n h i b i t o r s  l i k e  p h y t a t e s ,  o x a l a t e s ,  

f i b r e  e t , .  r l,u ; a l l ' - ,  t i n g  H . e i i  b i oa va  i 1 ab  i I i I y (Dokkum,

1092 and Pao, 199H).

«■ i i inr'pd diet, belter cookingConsumpt ion of balan.
,» i nml leaf vegetables with pract i r;ori# nuh.st i i ut i ng convent

9n DO) are someimproved variel ios (Bhaskaracharyr#
• nn lii oava 1 I abi 1 if Y suggeatnd m e t h o d s  for improving

raloronutrtont I f r o m loafy vogot.iblos.
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lndia be ^ d e d  as a 'Horticultural Paradise'.
_  has e m e r g e d  as the second largest producer of fruits 

[”d ^tables the world over with an annual production of 
111 Hilli°n tonnes of fruits ( 1 0 percent of world 
Ruction) and 7 3 Million tonnes of vegetables (13 percent
the world production) (Dutt, 2001).

But t h e  a v a i l a b i l i t y  o f  f r u i t s  and v e g e t a b l e s  t o  ar. 

i c  f a r  b e h i n d  t h e  r e c o m m e n d e d  l e v e l .
lndian

Pe reap i t, a
equireme ri >_

F r u i t s 1 2 0
V e g e t a b l e s  2 8

(Dutt, 2001)

i /' day / person)

Percapita
Availability

2 1 0

So there “ x r  
production and n<,? iv-i.i i »i-1 1 , •
harvest loss. Th*- p ’wd h-i r v< •

; i r p ■ r. ib 1 e Map bet ween g rcss 
This, is mainly due to post

j 1 1-uits and vegetable

;  C V» » i i iis astimat &r\ rj r; 
each year (Poy ar»M f

1 f  , w
. i Mill,,! .11 Hs 'smi r.rores

• * /

The

iste

, h l i r v n s i  m s s  c a n  be
grave r.ihi-i' u-n 1h,f

i M i n i s t r y  o f  I n d i a  t h a r. . • I* V t o( 1 ri1 * * * *from tho fi ridings y R
, , 1 , 1  o s  Mian what I hi ■

more f r u i t s  a n d  /  l —  can be
onnn) P o s t  h a r v e s t  

e s  e v e r y  y e a r  ( R e d d y ,  . .nrnu . g r o w e r ' s
i which eafs UPered as a social evil,  ̂ postharvest

r/e n r i r e •
and pushes up the consu ‘ * i f i c  handlingT. and unsc ient i f ic

^  rna I n 1 y due to  improp- »-his era °



hilisati°n we should seriously think of - •
9 i rackaaina o' coming forwardideal packaging oi commodities, , - to reduceInSS and to rnmnoho i _ . cuuc-e*,1U rvest l°ss and to compete ir -ho h reduc^tb^rvest ______ ^ .he domestic as well a
tein*tional m a r k e t s -

as

t e n
„  per FAO specifications, Perishables are those 

cosmcdities which have a moisture content of 50 to 90

percent- large unit size of 5 g to 5 Kg or more, high 
generation of heat, soft texture, brief shelf life from few 
days to several months and are easily prone to mechanical 
damages (DasGupta and Mandal, 1969) .

Examples lor such perishable commodities are Fruits, 
Vegetables, Flowers, Mushroom etc.

All these characters make them easily vulnerable tc
postharvest L o s o .

"Loss" (as d e f i nod b y FAO a n d U n i t: e d Nations
Environmental P r o g r a m m e ) r e m s  any change in the
availability, edibility, who 1 esomoness or quality of the
food that prevents it 1 r r y b<inq consumed by people.
POSTHARVEST LOSS O F  P E R I S H A B L E S

| Post harvest loss p“ r ishdbles may he due tc
1 physical, phys i o 1 eg i c-i 1 r,t p it hoi on i m l  itaoons or 
combination of t h*-.v f.i-'lorr. (Toma, Krunslor and K m p c  
1990)
A- P h y s i c a l  losses: -hu- i- injury r e s u l t i n g  from poor

Itandling anrj pa c kir\q, during transportation and

“  r°m damage in the market . .rt-sH-ihle e ndogenous
physi0 logical losses: - Due to nna . tion

lic llkG resplra“ 0 n ' like exposure to
or due r.o avoidable factors ^  ot

,ts« environmental factors (e<f: ' norma
;njPlca . )



Onion

Over

Water
Compos
pocaY•

change

Mango

losses: It is the largest single cause of
stharvest loss. It is due to microbial spoilage

■da»le P° . ,Qf infection by one or more pathogen?
_  fungi'

bacteria etc.
LOSS. (Kader, 1980) 

l ty Principal causes for loss 
and poor quality
Mechanical injury 
Improper handling 
Sprouting and rooting 
Water loss (shriveling)

Decay

Meehani c a 1 injuries 
YoI lowing and other 
dincolourations



of these principal causes, majority c 
ELr and scientific Packaging and 0Ve^ome by
^edity and thereby reduce postharvest , °£ the

and niarketability. °Ss and Jprove
ffie

L * * 3  0 F  m s i S T I N G  s i t d a t i o n  o p  r a o i T s  ^

yggglABLE
A) Market in f r a s t r u c tu r e  f o r  f r u i t s  anh 
M d Vegetablegenerally congested and unhygienic S are

w K  present f r u i t s  and vegetables are being packed .
-i fin n.3 r'\rr\nirm n ^  i ^. • - are being packed inscientific packaging materials like sarlf,

s or bamboo
»«teCS 0f W°°den b °XeS Which arG ^ s i l y  prone to sponaoe 
0 Mainly fruits and vegetab les  are heaped up £or sale.
Heaping has certain d i s a d v a n t a g e s  like:
1. High heat build up due to rosoi'-at inn of t-k.5 Jori ol the commodity
2. Mote chances of microbial attack and bruising

D) Kept exposed to harsh tropical temperatures which leads 
toPLW (physiological J or::: i w i g h t )  and loss in appeal

I these high I ion* • h<• no- -essity for proper and
S c i e n t i f i c  p a c k a g i n g  o  ‘ •ri.Mir*- m a r k e t ,  i n o .

packaging

The key function:. <. ? p, i< k ig i ng • i r ■ > t «•:
Asoemb 1 e the p r od u r ■»* in > ’>> r i Vf • f 11 •' i i * unit s for ha nd ling 
^totect the produce- dot i no handl ing, transportation/
storage and m a r k e t i n g  (Wills of al., 1996)

STANDARDISED REQUIREMENTS FOR PACKAGING
The Packages must, have sufficient mechanical strengt 
-° Protect the c o n t e n t s  during handling> transp 

^lacking one over the o t h e r .



^  The package must meet handling and marketing 
requirements m  terms of size, shape and weight in 
accordance with International standards. The current 
trend is l-° reduce the many sizes and shapes of 
packages by standardisation. Palletisation and 
mechanical handling makes standardisarion essential 
for economic operation. 

ji The material of the package must not contain any toxic
I

chemicals, which could transfer to the produce and be 
toxic to it or to humans.
The package should allow rapid cooling of the contents 
The package should bo stable to moisture and high

humidit res
Th° package should be stackable and mterlockable 

^  The packages should be re-usable or recyclable or

eas 1 ly disposal. 1 ■ ■
The packer- should provide adequate ventilation
Capacity should be suitable to market demands

. f or-t iv.. in relation to mark* 1^  It should he cord -iiee-ioe in l.-l
value of the commodity

ADVANTAGES OF PACKAGING
Pack-ig i ri i pi' >v ) d •1 '

microenv i r'>rirr'‘,n ‘ I h d  h« !['•• in-
S Minimising [or;! 1,K,J * ̂  '

Protecting a g a i n s t  m,w

bene f inal modi H o d

| l f1ll i r a l  damage ,  microbes, post
1 r r* r* V) \ 1 f 0 T cl O 0 0 t Cd u s t  a n d  a , r  p o l l u t i o n ,  moisture 1 C ........ 1

' Efficient handling and marketing _ . vp ndvantaqe

v Giving a bel ter appeal so a com
which helps t o  promote sale arkage

' Providing hygienic condition witln



e
/ Enhancing marketable life So
markets can be gained previously unreachabl

/ protecting nutritive quality 
/ preventing contamination by orhor-. . .  r commodities
/ providing information about the r-on+-contents/ Ready to use facility

£*t JLS s i f i  c a t  i o n  o f  p a c k a g i n g  m a t e r i a l s
Traditional ones:

1. Natural materials: Bamboo, Straw, Palm leaves
2. Natural and Synthetic fibres: Sacks: Jute, Cotton, Woven 
plastic. Paper
3.: Wood: wooden crates, Wire bound veneer crates
1 All these classified as not so efficient
Recent ones:

1. Corrugated Libre board: ’/entilated and Nonventilated
2. Plastic c r ates
3. Moulded Trays: Paper pulp and Plastic
4. Net / Mesh b a a s  /.'Ib r.y,. park:;—' I

5. Plastic f l i rs / big:. / br < • s 
Specia 1 iseb or/:',:
1. Cling f i ir
2 • Shri n k w r a p f i I r / : f r < • t < • h film
2* Flexible packaging m i! r> r iu I;; for modified atmosphere 
Packag Lng: Low -dens i f y polyof hylono (LDPfc<) , Cellophane, 
Rubber hydroch lor irlo ( p i 1 r, film), Polyvinyl chloride (PVC)
4- fancy packaging materials: Gift fruit packing



s type of packages includes baskets and other 
^ t i o n a l  containers made from Bamboo, palm leaves, straw
a 
c characteristic features of such containers are:
The

roSt and raw material cost involved in making suchjtiour cu
v<= ar^ low and they provide good ventilationo0tainers ar '

I  Pi^£j_cult to clean if contaminated with decay
o r g a n i s m s

, vi ni ditv and bend out of shape when stacked* Lack l  ̂ j

. Load badly because ol shape
• cause pressure damage when tightly filled
. Sharp edges or splinters cause cut and puncture damage

r ,  b  C ->  T :  ‘  .to the conLei I 
. Less life so should he replaced frequently.

hatural

These
1 i -iid'P f'T*. , , , 1 arrj made from ]̂Uul

c  -  -  -  » r  t \ r  n  V  1 • 4 ‘ ? 1 l1  1 wi u  l  -a types of paoka iin
cotton or woven plard ic: u d! *• vhev,,,, available, moreover the;,

They a r e  in^y .p ' - r‘ r*1 ' • “  , ir‘ ‘
1 . .a hr. ir m u  cupacit >

are reusable, and h r/* goc
icks: , ,i mi kt1 rnntcnis 
Lack rigidify and h u ndlin-i f'M„ .r) if dropped
Too large for careful ban' m  
bruises the cord enfs 
Impai r v?*nti1 n1 1 on if ^
Difficult to stack on pall they arev Hrawbacks tiny
en though they have thes ^  transporting °
<3 used in Kerala for bulk packag sugge9ted 1 5

. modification
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®*ai,kacks:

■• * Difficult
* Heavy and



Figure: 2. A simple wooden tray with raised corners
Ls stackable and allows plenty ol ventilation lor fragile 
zrops such as ripe t/c-T otc. (FAO, 1 985)

CORRUGATED FIBRE B O A R D  ( C F B )  B O X E S / C A R T O N S  / C A S E S

A l s o  known c  ■ i r d b o a r d / f i b r e b o a r d / p a s t e b o a r d .

It i s  made f r o r  1 1 r / e r  * ■■ a  r u g i l o d  f  i b r e b o a r d  s a n d w i c h e d

between 2 a d d  i f t e n r :  ! r / - r r ;  o f  f i b  r e b o a r d . The

c h a r a c t e r i s t i c  ‘ ' • • Cu r *  . • h i m o s t  w i d e l y  us ed  and

acceptable p a c k a g i n g  r C »a • i l s  t h d made it p o p u l a r  a r e .

/  Lightweight (/n \t, (•<•»<•*ad l iqhiei  when compared to

wooden box of r.imii ir si/.r<) and Clean
/ Excellent c u s h i o m n a  p r o p m t y ,  Smooth nonabrasive

surface
L°w c o s t ,  Reusable and Pecyr 1 a b  1 e 

E x c e l l e n t  print ahi 1 it y
*  Easy to setup and collapsible for storage 
✓ „ designs and

Av«llabie in wide range of size '
t * t r « n q t h s



. Easily damaged by careless handlir>g and 

Wea^enS on exP QSUre to moisture 9

RESEARCH FINDINGS: CFB BOXES

cfB is SuperiOL to conventional wooden box fo 
pactagin? Apple, Mango, Plum etc. Bruising loss when packed 

CFB (5 percent) is less when compared to wooden box (30-
— \ f  n  r  A n  n  1 f _

1° - —  m  
40 percent) for  Apples (Anand and M a i n i ,1962;JOShi and Roy

1934)

Sam, 1997 reported that tomato (var:Sakthi a:
stored under sawdus* : 1avirr; moisture content
percent with a proper*! or 
had a she!f Life * —

and PKM - 1 )
35 to 40

• J  m rera"ic : sawdust) in
« \ • f  r-‘ ‘ 1 ̂

Mendran -- af c> '■jj  ' * ' - - •

l .waxoi plus LOGO pp
organolept i ca i 1 y 
(Gout ha mi 2 001

Research aeh i ̂ ‘-n‘ 
F* bruits & V e o ^ fa h 1 < .:

. J -  » i

v: a x o i and 12 rercent
1 y*:4 ny 1 one lined Ct'fc? were

h i n ter raskaaesL  i i t *  i

. I (*i- i1 on print harvest Technoloay

^ OFF; w i twith r if i i a • 1' 1 i ■ a r’ i M  e n r m s  found ideal for

Alphonso mangoes.
5-7 Ply CFB with l ft ventilation was found suitab
Ananas. ^

APPies individually wrapped with different 
WraPP«rn and p acked in CFR retain better qual Y



y  felesca^~

better substitute than conventional ^  ^
Apples. W°°den b°x forW r

. »ax treated (250 ppm Benlate) mandarin ■ 
polybags kept in CFB could be stored for" 
afflbient temperature and for 5 - 6 weeks at 10 • ĉ 5 ^

. Baneshan wrapped in tissue paper and packed in vented 
CFB had a shelf life of 1 0 days at room temperature

CFB CARTON FOR CUT FLOWERS

BOTTOM

3 W diameter holes, both ends

Figure: . b o r n  -in' 1 n a r r o w ,  i u l l  t e l e o C L i - i .

sign CFB ca r t on with von* n at both ends to
militate forced-air cooling. Th'’ total vent area

A closable
3u l d  bo s?, o f  f ho t o t a l  b o x  s u r f a c e  a t  •

. .nr.po if boxes are3P can help mainl ain cool tempe
r storage 111 an

®PorarLly del a v o d  in transport
. / r i i 1979)

c o n t r o l l e d  t e m p e r a t u r e  e n v i r o n m e n t .  (•
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Figure: 3.Fibreboard divider: It is used commons
or hea/y crops such as melons. It helps to increas< 
tacking strength and prevent melons from vibratin< 
gainst one another durinq handlina and transport

**" A

McGregor, 193 7 j

f i g u r e :  6 .  T r i a n g u l a r  corner supports,gives more

length to cartons



Tbey are moulded from High-density
(HDPE).

—  x<?n ~density D i
^  packaging material has t h e  followin'
/ Reusable, Strong, Rigidf Smooth a^res:
/  E a s y  t o  c l e a n  

/  Good v e n t i l a t i o n

/  Can b e  made  t o  s t a c k  when f i l l e d

SO s p a c e  s a v i n g  n e S t  when emP t y

px3jib3cJcs.
* Costly
* Mostly imported adding to the cost
* Mot foldable

. Deteriorate when exposed to sunlight of tropics
unless < re,d - d  with 117 inhibitor, which adds to
CO

Though cost]-/ »-L
i

* • • » • r make it: an e c o n o m i c a l
invest: monk
MOULDED TRAYS :

II may b pip‘-r pn 1 p or plastics. It
s u i t a b l e  f o r  r - r \ <  : r ig , r, I i v 1 ' iu i ! t mi  i t s. r . » v e g e t a b l e s .

A. P a p e r  p u  I p  :

^ Made fr■'j r ' t y' • I ' ■ I [ 11.■ • r i r i' i :; t i r oh h 1 n< 1 •: I
^ Inexpensi 
^ Absorbs surf-iff

good for sms j | fruit;-,
product so it isrrI. i) ', i 11 r < ■< f r r in' the

and berries which are easily

damaged by wafer
* Biodegradable and recyclable 

B, Th
n®rmoformed Plastic Trays 
Method of packaging: The produce is filled m  trays,

IV»r
. Wfapped with a heal shr i nkable film

t u n n e l

and P a s s e d  t h r o u g h



... t * g e s  ° f  t h e r m o f o r m e d  P l a s t i c  p a c k a g i n g :

/ Rigid
Iani o b i l i s a t i o n  o f  t h e  P r o d u c e  w i t h i n  t h e  p a c k

i n a

✓
/ Sui 

loss
t a b l e  f ° r  m i c r o w a v e  c o o k i n g ,  w i t h o u t  g r e a s e  and

of vitamins.
The m o s t  c o m m o n l y  u s e d  m i c r o - o v e n a b l e  p a c k a g e s  a r e  

t a i i i Ze d  p o l y e s t e r  (CPET) i n  t h e  f o r m  o f  t r a y s .  They  

*]_e x i b l e  i n  s h a p e  a n d  d e s i g n  a n d  r e s i s t a n t  t o  o i l  and 

pS P o l y p r o p y l e n e  c o - e x t r u d e d  w i t h  b a r r i e r  r e s i n s  l i k e  

V i n y l  A l c o h o l  (EVOH) i s  u s e d  when a l o n g e r  s h e l f  l i f e

i3 required (Dordi, 15y5)
jjĵ STIC FILM BAGS

polyethylene and Polypropylene are m a i n l y  u s e d .  They  ha v e

cry5

are

V
Ethyl

the f o l l o w i n g  c r . a r ^ c r e r x S *  i s  l e a t u r e s :

/  Low c o :

/ Wide Ly ■ nru~‘-r s i 7. r■acts in fruit and

v e g e t a b l e  r i r n 1 r. i n  ‘ 

/ Retain w^ter v-it 11 'rp i "o water loss j.ro.u tthe

conr e:
Drawbacks:

No prole d ion ‘ • ' : r‘
• ,n , m! by  c a r e l e s s  h. indl] M f / ‘ • ' 1 * ’

i no

, >v 1 rvid t o decay 
t i i  f - •' r • i1 * 1 1 : * •1 * 1 1 ) * i* Heavy bui i d 1 •' ' *'

. , , t I"  Minliuht
* Rapid bin I I up i" ' along

,, i«x1'11'111'i* • V.ipmn arid he
* Permit only oio,,- • r i n i d  deterioration

i ; I i \ v cause frlIwith slow gas [^rm«'-u anaPd in tropicsp not recommendea
Consumer p a c k s  o f  p l a s t i c s  a r  c a b i n e t s

f *cept  in s t o r e s  w i t h  r p f r i o e r a t e d  d r .  P

•*I*IINT RESEARCH FINDINGS: POLTBAGS r 0 l y p r ° P Y l e n e
* i ̂  t i on tino I

* Polypropylene without n ^  oyster mushroirn-
wfth air blown in, ' donl  ̂ ^  s tored f ° l 3(3 hTS

I  under s u c h  p a c k a g i n g  mushroom



refrigeration (Rama, 199S)
^ - p e r f o r a t e d  p o l y e t h y l e n e  , < 1 0 0  g a u g e )  was

i d e a l  f o r  W h i t e  b u t t o n  mushrooms  w i t h  a s t o r a g e  l i f e  

Qc 4 - 6  d a y s  ( G o s h  e t  a l ^ l 9 9 8 )

Tomato, iJ- packed in Plastic cover with 2 %
ventilation plus ethylene absorbent, can be kept for 3

weeks (Sam,1997)

M ango  packed in polyethylene (300 gauge) + ethylene 
scrubber car. be kept for 26 days without any damage.
But reduction in Ascorbic acid content and TSS was
reporte
mm U

100

0.5
-  JL

r~~ 1 —O C / i J O

polypropylene with
ver. -

* 1 - 1 f
TV r «  a  *“ c. *"■ *"

rentllat ion

:i

to be ideal 
without 
f* a rage life was 

compared to

or Erir.u - f

L k_

tempo ra f" : re-.j.

life, 9o r*
Elephar.- ‘r 
Snake gviru

: f 7 v; and cxtcnding marketer..
n r> ’ i■w, wi

4 • 1 ■ •

7
1  4

rr-rk

• 4 1 I

Y O *3 O l ct b 1 Y S ) A 5 h 

r i -fc I i n 3 r.olon,
r

S-JRS is idP-il iSunil Kunf k‘

1 3 9 - 1 1

, | . , n n .  1 0 0  O .v .iae  p o l y e t h y l e n e
Vacuum p 3 "-k n  ; r. i ■ -< ‘ ’Tl‘ *1

1 , 1 0  but failed lO 1 ♦ • r I '1 f * ' n L 1 i - reduced PI.W at.d n- ? i -f t u
..niitv (Gout ami, 2 0 0 1 ) give opt imum r . p c ■r 1 > n ' i 1 *

f nutrient r, and longer storage lif
- Better r e t n n f L^n ot n-i'u"  -  in ventilated

. vegpt ables p a c k e dwas report ̂ d for , -d
PE bags (Maini, 1 '*' ♦ H )

* w c  BOXES salcs appeal.
Tdn^i fn r imfr packs and as



used for packing fruits H ke applej 
sapota etc. They have the following features-

J sturdy
/ L0« cost 
Uninhibited airflow

citrus.

/
/ ^ k L r a c t i v e  d i s p l a y  w h i c h  s t i m u l a t e s  p u r c h a s e

Large ones do not pallatise well and small bags do not 
fficiently t i l l  the space inside CFB boxes

Do not offer protection from rough handling 
Litf1^ protection I rorr. heat and contaminants 

reVE PACKS 'Pet-i,
Heat shrink ib I-' ) » O mm thickness is used.

lie features of this ‘ /? i’ !cfun i nrit >■

> ImmobiL Lsat : r

> Super I r
.i.-jod sales appeal

j l .  • a-

> Low co t

> Better pro’ '■ ■“ 
ELIHG FILM
Polyethylene 1 . " 

features that m ik" i

Low wa 1 r  v ip -»' i r

i l < 1

, i i • r ' <ri: •
, d ini na

t h i c kn« ss
oi.il a r e :

15 USCd

IVi s i

i r i • •T1 • i . ‘ii l-i

h gas pc’r ~ c' ib 1 ' V . ,i.n  i produce
naOn-K- wlH, > h- > 11 v,fl,in '

1 insert free 
p r n d u -  f»f*h. dun' ‘ind in‘’"  „

; i nble eoirmercvaliy-
E-sea]inq t ypos are ava «■ individual

iq<W showed i ndl
dies conducted by ham,  ̂ r0uld keep the
pplng of with cling t conditi°n5‘

i fresh for three weeks under



pr

ptjjA or STRETCH FTI24: (Boyette et al, 1 9 9 9)
InciPle involved is P iastic films like polyethylene, 
r v z e n e ,  polyvinyj. chloride, polyester, rubber 

ride etc have heat shrinkable nature built into 
during manufacture. By stretching the film under 
lied temperature and tension (creates molecular 
rion) the film, is wrapped over the produce under

F°
nydrochl°

nrientwretched condition by cooling, 
this so

The characteristic features are:
ho used as over wraps on individual fruits andf d I • —■

size trays or pack
c3T

qvsr cor 13
... • o moderate temperature so make ar-, / rj L - J * -- _■> ‘ ~11 '•  ̂*JT srii -

" 1 that: the packed produce is

—- - ry

entu 'in L *

■ r 1 0 resistance coils is iusu 
n -  ; n- r-nouah to harm the
I . 1  111 • ’ M i -  * * ~

_ 1 f * r v 1 rLr: r a . - • • * * •
- • * • r 1 r  * 1 1

. v.-.uone film assorts ar.c
- U 1 1  ̂ ’ ’- ̂ * r r» vrr•"* - • ' 1 - - t >. i ■. . . 'Xcei 1 on u 1- -1i l i l  *A - -

. * . r -i? .« * - i r * •

i l 'i.
r * i &

t

•, 1 1 ri* i ‘ n » ‘ ■ ' “
i * » T i t  ' I  -'  H ‘ ( i  ‘ V‘ "• J • i

r . *
i iI

I T if 1 'I
, -Mi« * .M  ,l h] ] \ * V- I

?roduct b e n e f i t s
livl col out o t ", , , -,hnoss,

^ Pro lor !■ ’ . flowers-
f r  , - . p i  o s  a n d  <- u

p a c k a n - i  f r u i t  .  v m , o  ^ p f b y l e n o  g e n e r a t o r s

✓ Possible t , tw.ro and ship ^  ploximity **

and ethylene ^
i c reduclngeach o» hr*r . .., v levels

■„« hiah humiditY
✓ The film maird u n *



/ The
spoilag

potential for Eould ^
lage is reduced by anti-fogg. growth and

/ A good s rface for stick on labe! / 1 treatment-
/ protects the produce from disease!
/ Reduces mechanical injury

✓ S h r i n k  wrapped Lettuce keeps good up to R
and carnation up t o   ̂ a ° wesks3-4 weeks (thGSP
classified as highly perisnahio 3re

! i s n a b l e  c o m m o d i t i e s ) .

salient r e s e a r c h  f i n d i n g s  : s h r i n k  w r a p p i n g

Shrink wrapping (individual fruits t-U j  as tray over wrap)
of mandarins retains natural flavour and freshness upto ~ 
veeks at 30-35°C (Gosh -■* a 1 , 1 99R )

Shrink wrapped br-adfruit can be stored for 10 days
0at 16 C without sur : br-.v/ninc (Roy, 2 0 0 0)

S Research achieverents r.i AICRP on Postharvest Technology
of Fru 1 1 s ft Ve • r ab I« : i i n i , ir:ft )

^ In banana wr-ippini v; i h *■ t h\' 1 ene absorbent extendsi t  i

life by f, day., :;hr ink wrapping ,i h u m  extends life by
4 days under nrr.ir-rd ' *»• rirJ i t )»»rt:; and by 4 0 days at; lb C
as against '/ft- to g )•/ , i r i unwr-if g * * * * I cent rol

^ Shrink wrapping of M-ingo'ss extern] life by 2-4 days
under ambient cnnrl i f i<>ns and 0-R days at lb C 

* Pomegranate (Var.Ganesh) can be stored for 3 weeks at
25 °C and for 10 weeks at R 0 C by film wrapping
Shrink wrapped Capsicums shows maximum firmne^



3DXFTED ATMOSPHERE PACKAGING (HAP)
F i l m  o r  p l a s t i c  m a t e r i a l s  t h a t  " kcnat breathes" at

• c e s s a r y  t o  m a i n t a i n  c o r r e c t  mix  o f  o r e

ipour  i s  u s e d  f o r  p a c k i n g  * ’ 3nd w a t e r

^  WhSn f r S " h P r ° dUCe i s  s e a l e d  i n s i d e  a F o l y m e r i c  or 
p l a s t i c  f i l m  p a c k a g e ,  r e s p i r a t i o n  w i n  l o w e r  t h e  i n  

p a c k a g e  0 2 a n d  i n c r e a s e s  t h e  CO 2 l e v e l  

I n  a w e l l - d e s i g n e d  p a c k a a p  u i mPdCKage with optimum permeability
t h e  n a s  l e v e l s  w i t h i n  t h e  da r t  i iPack will equilibrate in a
range beneficial to the produce

=> This favourable, unique atmosphere slows metabolic
activities to a very low level

Retains food and nutritional value

Increases shell life* and market flexibility

=2* Good for brarrle i, Lien quality, high value fruits and
vegetables -mu r -• r»i r- illy p r o c e s s e d  vegetables

—> Optimum 00?: u2 'on-":‘*ntrat ions are product specific and
varies >* i * r i . ‘ i va r At-not ypes , production area,
ha r vest n j * u ri* y • • •

•VANTAGES O F  H I G H  C O ?  AND LOW O? A T M O S P H E R E

* I ,owf r ; r < s:« i f . i ■ i ' >n ? i * • •

^ Block; . os.yn* h**:. i r>i ‘‘fhyO n*
^ T n h 1 1 1 1 ‘ , g ,* e> w • 11 - -! p i1 11 • • • 11 • n '

*  M a i n t a i n s  I v a  I Ui  and i i i i " ' i M i y  of  t i s s u e s

^ Prevont s r/h I or nph y II d rw11 ad i1 i nn
Y Maintain food value, nutritional vaIu° and flavour by

S low i nq I h° io.ss of food rvos
^ Inhibit the loss of labile vitamins: vitamin C and

vitamin A
' Slows ceJl membrane  d e g r a d a t i o n  and loss of c e l l u l a r

compart merit at ion and function



/ inhibit discoulouration of cut surfaces
a «• -L - m rv».

: P 2 r a t i oldpe ~  —
2.0-5.9PVC 3.6-6 .9

p o ly p r o p y le n e
3.3-5.9

polystyrene

s a ra n  5 . 8 - 6 . 5
P o ly e s te r  3 . 0 - 3 . 5

s a l i e n t  r e s e a r c h  f i n d i n g s  o f  m a p

> sornsrivichai ec al, 1992 found that ripening was 
inhibited in modified atmosphere packed mangoes and 
fruit quality was adversely affected.

s' Suitable regimes for modified atmosphere storaae of
mangoes are 3 to 5 percent oxygen and 5 to 10 percent
carbon dioxide at 10 to 15'C. Decreased 0 delays• «•

ripening and i n c r o n  

(Jordan and Or ‘h,
> Kade r, 1 0 ft 0 found

i co . favoured firmness retention

ha* keep.inn quality of banana was 
excel 1 on t v/h'-ri :•,r *wl urider modif ied atmosphere oi 
to 5 poro'vd oxyu* *n utd 2 * o 5 percent carbon dioxide

at 1 :
> C FT P r h e .  ;.f ,irid I r d r/.'-d s  1 . ind q u i c k  r e l e a s e

i n p a c kuqf* ‘ ur  iu  i n 1 w h c h  n r * ’ mm ubi  ..-.ulphat e t r e a t e d

pap^  r V'\ r\i; ^Vripr,Mt ' ( imi*! )  t o i  cn <3p*  ̂ •

> In papaya H i m  wrap nr..I e , - , ,fresh wrap extended storage 
life up to 19 and 9 days r e s p e c t i v e l y  (Gaikwad, 2000)

> in nectarines micro perforated films with inpackage 
gas level of m o r e  than 15 percent carbon dioxide and
not less than 1 percent oxygen was a d e q u a t e  l o  

Physiological cold storage disorder (Retmales, -



SEALED RIGID
p l a s t i c  c o k t a in e s .

GAS DIFFUSION WINDOW
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id

I aqueous wax emulsion formulations „• 
iiaxo 1-0 were developed
- r n a B B L  PACKAGING !Tr»„....  ai"  1 S7 1> -PACKAGING (Treaunn ' et aI■

9Unn0 and Tewari, 2000 > 
Antimicrobial agents incorporated into

-  - - -  — • « « — m “  Allyl isothiocyanate ' V ozyme,

They Inhibits Mould and Bacterial growth
 SCAVENGING FILMS

v ate

They are more popular than ethvleno-injiene scavenging
sachets, which has U n i t e d  consumer acceptance. Films
impregnated with powdered minerals whose composition is not
revealed are available* commercial ly.

S Adsorbs and removes ethylene 
S  Excellent: permeabi] i ? y 
S Good deodour isino rroreri v* * t

^ Antifoggino an* r.* :. roduor condensation of 
drops and pot ont i i! for microbial orowfh

MAP and ETHYLENE SCAVENGING IN SYNERGY
Comb i n i nq ci  ■: * • v i g a s  mix  w i t h  t h e  us e  o f  

e t h y L e n o  :c- i v - n  : •» :. i n:; i d>* p a c k a g e s  o f  h i  ah v a l u e  

Fruits an 1 ';>•<]< •* . j :. I • •.. i; • •xpeet  «*d to p r o v i d e  a

synerg i r.t i c <■ ;<* * • r». i'>n »>! produce :;h<'li .1 i t r .
COST EFFECTIVENESS OF PACKAGING

Packaging add;; to f to cost nf marketed produce. But 

i0 added value j.c offs0 ' by fn't-es:

Significant red'ct .ion it* loss
Presentation and quality of the product makes it more
desirable there by providing a competitive advantage

Extended market I i fe t
i nyrpod consumer s

■  However packaging cost must no -, .f |ilP product,
l l U n g r i e n s  t o  accept t h e  a d d e d  v a l u e  

*e - t h e  e x t r a  c o s t  i n v o l v e d .



o e a d j  IMPORTANCE OF PACKAGING
international bodies as well as national

^ernments publish standards for fresh fruits and 
^ t-bles - 0ne ot these is the secretariat of United 

. „c rronoin.ic Commission for Europe who publishes th~S 3 t ions  

Oti/ECE standards for iresh fruits and vegetables. These
f  i x e d CP.

s r S( • • /

— 9 i  • L

, -r-Ar- are lia-u by the working partystanaarao
 ̂ «taD^air̂ Zat^0n Perls,riai:)ie P roduce. According to these

. presentation of the produce in terms of theirstatdaruo p
■ ... anH cackaainq and information given on the ^iformitv anJ -

 ̂ . whr.ro and how it should be presented arepackage an. -n.i
i n e v i t a b l e  

CONCLUSION
The three
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r orCant ~^ ĵ compe i u -  

and acts as

racVia a ir. c

r * *

a"
o sc i f • ? i 

of
nd »

5' 1

p<- r l o K  d

oxf crid i r» ’ 1 

ties like fruif 

he

, ,.'Y 1,1 b<?ttCr
p os th aT v es t

o' tuohly perishable
' "  l o w e r s ,  mushroomsl 1 r,- n U  f * 1 r

• l i -  f' r > 1 i1 ..* •' p’;rVaftina ot fruits and
«  e x i s t . m  pra-M-.»r, of P - -  ^  traditional

les in gunny baar,, " n ‘pn hanlcal <J*"aae leading 
crates res-.M . i n  excessive nr^ qinq plays an

. improved P _ well *a
i v y  economic 
in t  role

sive mec u plays an
a packaging p 

loss. improve u  as
’C the quality as
-  p r « t “ tlB9_ ^ i t i -  and



che marketability potential

w*5 p 5 * gD * - o
or fruits 

the advantages of growers, tracers arc

sxo^

0 l.xs rra1 pollutio
er.virQ‘
1 -c effects cor 
ccx-c
[  , P L a st i c s  i s
A*
discovered.

as pac-:i^:.-

use plastics as it is a patent source cf
i  .

r- £■*

IS

. ^  -  -i - ' r/i e w  3 . .
1 * 
J

t c * ft___
*

;S lde3‘
tapes- - 
thez -

• w r—  ̂k-»  ̂A • —---

pi*-

« r: * - 4inert,
fBlyacylor.it r .k ;
any p̂ a
to be

-•

sovorrjner/
uureacted™t • j

* r

rof monomer n' ' • • ♦
Bof polystyrene a* *

K  ,  - r a p ?  P a c V ; a l. M i h 1 n 3 J - 1 r* • »■» *'Q-2.How the 7 rape 7'13r 1 1 - If P> I U 6 -
*̂2.Sulphur rel^asir : r “ fp or silica

hi -lVr r  v e r m  >* i r a r e s -^•ulphate impregnated w packa^®**
wTa i » r- and ° D f qraFeS'ftipptd iri paper sachet .rtivities o 1

re r e l e a s e d

-idr-m ' e - 33 031 — •

*̂ latij

*'dph

n » aboltc *c

lJr qas from the sa* h»

iue to w
this

♦ <; . S'llP 1̂

of
to the rP l e .5 e  

lefl : 1 , h?a*Y »•»® the paper sahhet s ĥ't  ̂  ̂ g *9 p^jntj
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to the Dottom and thus protects the
^-icrobial spoilage especially that of 1  grapes

u ' l i d  yeast.

paCkaglng 13 U3efUl in loW temperature storage
^ i n g  helps to .void chilling injucy of ^
f providing a n o d r t r e d  microenvironment. The produce ,
^ ed from chilling injury as lt is protectgd by ^  

i,~ao from direct contact with chilling *.p niiimg temperatures of
loW t e m p e r a t u r e  storaoe.



Tfl0ugh India ranks second ,n the World for the production of Fruits and 

Vegetables, a var gap st.ll ex,sts between the per cap„a requirement and 

gvailabilrty (Attavar. 2000) One of ,he major reasons attributed to this is the 

heavy post harvest loss incurred, which is estimated to the tune of 30 to 40 % of 

the total production accounting to an amount of Rs 7500 crores per annum (Roy 

and Pal. 2000; Singh, 2001). Post harvest losses are mainly due to the improper 

and unscientific handling, lack of infrastructure and poor packaging techniques 

prevailing in India In the present context of globalisation it is high time to switch 

3ver to scientific handling and proper packaging of the perishables to compete 

30th in the dom estic  as we ll as in the international market

Perishab les inc lude  fruits, vegetables, mushrooms and flowers Owing to 

heir peculiar nature, they are proved to be susceptible to physical, physiological 

ind pathological d a m a g e s  (D asgupta  and Mandal, 1989)

Sorting, o rad ing  and sc ientif ic  packaging to a great extent can overcome 

;uch losses and im prove  qua li ty  and marketability of the perishables

Existing m arke t in fras truc tu re  are either congested or unhygienic, resuliing
• j

n an unaccounted loss to such a high valued commodity

Selection of Hon I pnckng.ng nnhsnn ls  nr well as scientific packaging 

echniques can e n h a n ce  m arketing and over all quality of these produces

Tregunno and Tev/ iri. 20f)0)

Therefore packer,,nr, p row dos  n benefic ia l and mod,(ted environment that 

telps to enhance the m arke t l,fe of those p o r t a b l e s  by reducing the mechanicall̂llldll̂ H him iikiir-;'   •
'’jury, slowing dow n the m etabo lic  act,v,I,os like transpiration, respirati 

'Onescence, and pro tec t ing  them  from microbes, post and dust p 

urthermoro attractivo packag ing  is a poworful marketing tool as i ac s -

•Hent 'sains m an '.
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Ethylene production during ripening
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g DISCUSSION

1 ) dna yreen
What
life?

shel£ life: It is a period in between the initial 
ripening and end of saleable life. ^  °f

Green life: Green lie is the time the harvested fruits 
takes to ripen m  an ethylene free, humidified air steam

ecitic temperature. It is the preclimacteric 
fruit development after harvest a normal range

? is 5-30 days.

at a sp 

stage of 

of green T *• :o

2) What are all 

producer and

in a

weight i 

because

r e 1 a t i o ri “

chang

1

: i

change'; ir>i

:i“ * 1 “ ri,''Un changes in relation to the
*■ ■’ 1 l r» » V » * I

► »I

t h e  factors changes like 
s a deleterious changes 
i fhe product. Whereas in

• :.*■ : jigcas such as over colour

r.' u t n e s s , h \ gh acidity,
< ■!i., i»i• • r eu as a deleterious

r 11 h inu<‘S • In: inn ripening.

3) Do you know h e 

fn banana,

! i 1 1 , 1 lysis will be induced?
.    . . ,„nmn to i n d i c a t e  t h a t  the

I I I  LV '1 r I r i  T L r  ' ‘ r f  ‘ 11 ' 1 ‘ ’

, ,  , flo key f a c t o r  regulating
i n c r e a s e  i ri F F P a ' ■ i -• i * / 1 ’

k , i r f - j r  p t h y l e n e  p r o d u c t i o n .  Ttbp st-i r. f  rin ' o r  i - -i ! V ll( y
,,i , ndure the increase

i n i t i a l  i n c r e a s e  in e t h y l e n e  woi
v „  t hus  i n c r e a s i n g  the mu. 

in a c t i v i t y  o f  r h -  A-T s y n  a s  , f l c t i v i t y /  producing

n o n to m  a n d  at th'* same t i me ,  

au t o c a  f a L y.g i r> .



m

xs there any relationship „ith
n exPression inripening? ln banana

Yes -
What are all the differential aenP

gene exPression irelation to ripening or banana?

During banana fruit ripening ethylene production
triggers a Developmental cascade that is accompanied by" 
a massLve c o n v e r s i o n  of starch to sugars, an associated 
burst of respiratory, activity and an increase in
protein synthesis. Differential screening of cDNA 
Libraries eoen l ing banana pulp of ripening stages 1

and 3 has !••'! to ‘ he isolation of differentially 
expressed r . i dent 1 I icat i on of these transcripts by 
partial s*- * ana 1 yr. i s indicates that two of the
mPNAs *-r. ‘ • hough to be associated with

patho'n-ner; . , ■ * * 1 c  ! stress response in plants.

Their r e i -i * "■ .* i-.r • n trv pulp and tissue specific
t• | • . • •. . , • • [ 11;,>j - i r ov/n banana plants were1L . - * 1 ' ‘

r: -o 1111 analysis. The relative

 ....................  - m - o d u m  sta.rh synthase,
■/ri' !ta;.' , chiMnasc, lectin, and a

i , [lMf b iv.' senescence related

def  r x  i r,

granu h'-r • r o ■>?
typ^-T m- * i ' ' • ■ 1 n iri

-  ^   ̂ • v -  . -v • £ ' I  t  ■ \p r o r . P i n  ir



B a n a n a  (Mussspp) is 3 coirun^rcialiw •
t j- . U y  lmP°rtant tropical£ruit crop. India contnoutes 31 per cenc

, -1* the world
p r o d u c t i o n  w i t h  a n  a n n u a l  p r o d u c t i o n  of 1 1  n  ■
F L , . 1 ^ i l i o n  tonnes.
B a n a n a  being a climacteric fruit, its postharvest behaviour 

W  crucial £° r the e£flcient marketing. Ripening is a
process in w hich a physiologically n a t u r e  but often 
inedible plant part ls transformed to an attractive
palatable fruit with characteristic flavour.

Angularity o f  f m g - r ,  number o f  days, c a l i p e r  grade

and considers
Seven distinr* s * b»*-en described during ripening

,j:; i n d m a t u r i t y  of fruit in banana.

in banana. Du ring 

weight r an r m i  r • •1

■ her a decrease in fresh
* 't .

peel rat 
indigenou

i  L oi l 1 1 . *

r~. Y- cent. The pulp to
most the

ju a n t 1 r‘ i V , L . J

i n
pu

.r r

ults iron the 
:it•: nt i ncreases

r- • • I

■J p- r 4 r £ 1 ) ' . • I

t h a ri r l L

P h rm-! i b • *

r ip>-nin'i result
; . • u r • • c:

j : n pet' 1 . Starch 
Lm i aw fruit to 

f ■ : r ui t . I'm i nd 1 1 peninq,
n  i i i s  sh.’ K a d e c re a s in g

p» * r < *• * n  t

e auan ̂ i f ir 1 ”f 
■j i h  1

ig, t.ho*

,00 during ripening account for 
. , lifq Purina the process of

' ' . ,0 progressive
i . i n ij r c h a n g e s  dun l

p e x p r e s s i o n  o f

M o n  of chlorophyll P> 5 * 0lour also
c o l o u r  r n n t  r i b n t e d  b y  carotenord s .

v M l o w  to y c l  1<->W-
f r o m  W h i l e  o r  p a l f  V  o c c u r s  d u e  t<-

f t e n i n g  o f  ■ i s s u e r ,  d u r i n g  r ‘ P*‘"  f.nsy»*® 11M
... inrPS and cel'»10-

I own of l svib* o



polygalacturonases (PC-;, Pectin methyl ^
oeilulases are involved. Break down „f e""er3Se£ tPt®) and

11 o r  s t& r r * K
sugar is one of the magcr chang£s “ *> «ol«ble
3f banana, The sugar-acid ratio which • " riP®iung

aives An • -j
oalatability  changes from 40 to -.80 m '  * 1 X ° £

a k i ■ ■ re than 350 volatilecompo'anas are believea to contribute th
criaract eristicaroma ol banana, she manor one being amyl esters

The quantitative and qualitative changes' associated 
„i t h the ripening o f  banana is influenced by var-ous 
preharvest and postharvest factors like the stage to 
larvest, artibent temperature, relative humidity, oxygen and 
rarbondicxide c^rirr-nt.ra • ions .


