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I. INTRODUCTION

The welfare of a nation 1rests on the health of
its people, The foundation for health are laid in early
childhood. School going children are in ﬂstagt of rapid
growth, Their nutritional needs are for greater than
those of other segments of the community, (Swaminathan,

1970). Only when their nutritional needs are met good
growth can be ensured. Good nutrition in childhood and
throughout the 1life span 4is of paramount importance in
fostering the physical, mental, emotional and social

growth of the population (Devadas,1968,1970 and Ray,1971).

In the world today there are nearly ona billion
children under 15 years of age,(UNICEF, 1970). In India,
the child population below 14 years constitutes approxie
mately 40 per cent of the total population, (Gopalan and
Vijayaraghavan, 1971, India, 1971). Malnutrition is the

most important health problem among this wvulnerable group.

It has been estimated that nearly 300 million
children in the world today are physically and perhaps
mentally retarded due to malnutrition, (Nutrition Bulletin,

197?. The diet and nutrition surveys carried out by the



Indian Council of Medical Research, indicate that many
children are victims of frank cases of nutritional
disorders (Gopalan, 1969; Gopalan et al, 1971). Irom
deficiency anaemia is one of the widely prevalent
nutritional disorders among children. According to Reddy,
(1969) 50 per cent of our children have haemoglobin levels
below 10 g. per cent due to inadequate intake of iron.

The high inecidence of iron deficiency anaemia in India
inspite of the seemingly satisfactory dietary intake of
iron suggests that perhaps much of the iron in the diet is
not absorbed. The phyta;ea. rhosphates and oxalates in
cereals which dominate the Indian diets appear to interfere
with iron absorption, Apte (1970). The Joint FAO/WHO
Expert Committee (1970) has righily pointed out the:
importance of studying the nature and availability of iron

from dietary sources.

Prevention and control of nutritional disorders
call for the application of such specific measures. Much
can be done to promote the nutritional well being of childremn
through the provision of adequate school lunch and school
health programme. The free school lunch programme operating
in the primary achools of Tamil Nadu aim at providing one

nutritious meal free of cost.



During the recent years, considerable interest has
been shown in our country towards evolving and using
suitable supplementary foods from ingigtnous food resources
for improving the nutritional status of the children.
Devadas et al (1969) point out that indigenous nutritious
supplements will help to improve the nutritive value of

the low cost school meals.,

&faoh leafy vegetables are one of the most inexpensive
nutritionally rich resources. Amaranthus, which is a locally
available and commonly used green leafy vegetable, is rich
in iromn, calcium, vitamin A and vitamin C. Hence supplementa-
tion of Amaranthus to the school lunch can be an effective
and inexpensive way of improving the iron intake of school
going children. The beneficial effect of iron supplementation
through Amaranthus for school children has been demonstrated
by Anandam et al (1966), Nirmala et al (1968), Devadas et al

(1969, 1970, 1971).

How far the qualities of cooking utensils and the
methods of cooking employed have an effect on the nutritive
value of the vegetable has beem a question., Vegetables are
cooked in different types of metallic utensils. Studies
reported by Devadas et al (1965) indicate that the iron
content of the Amaranthus cooked in an iromn utensil, increased

to a greater extent over that cooked in aluminium and brass



utensils. How far the enhanced amount of the iron is

available to the body is a question.

answer the question.

This study aims to

It is an attempt to evaluate the . ..

availability to the children of iron, from smaranthus cooked

in iron and aluminium utensils and supplemented to a school
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II. REVIEW OF LITERATURE

The literature pertaining to this study, "Availability
to school children, of iron from amaranthus cooked in two

different utensils"” is reviewed under the following headings:

A. Nutrition and health of the child.

B. Nutritional disorders of children in India.
C. Iron deficiency anaemia.

D. Role of iron in child nutrition.

E. Green leafy vegetables as a source of iron,

F. Effect of cooking utensils on the iron content
of vegetables.

G. School Lunch as a medium of supplementation
of iron.

A. Nutrition and Health of the Chidd

The 20th century can be considered as the era of the
child, because of the emphasis and consideration child
health has received from all quarters. Children {ovn a

very sizable segment of India's population, accounting

for about 40 per cent of its population (India, 1971}
Dhar, 1971). The problem of finding sufficient food eof

good nutritional quality to feed the continously increasing

population is tronondouo.(?isvesvara Rao,_1969). Among the



several target groups for whom good nutrition is important
school age ehildren are in a crucial position.{&uhr-nnian

and Thekkamalai (1967) and Mittal (1971).

As Carter (1968) states, fulfilling the child's right
to health has been one of the most complex and difficult v
problems faced by independent India. Sovorfl nillitni of
children may not be sick but may be handicapped physically

and mentally due to poor health and nutrition (Trivedi, 1971).

Good health is %natural corollary of good nutrition.
The importance of and need for good nutrition during early
childheed have been universally accepted and emphasised by
Devadas (1968), (1970), Gopalan (1970), Boerma (1971),
Candau (1971), and Subramaniaa (1971).

Ghosh (1966), Dhar (1971) and Gyorgy (1967) point out
that no single factor in child's life determinad his normal
growth and development as decisively as proper nutrition.
Devadas et al (1968) and Fesmando (1971) stress that healthy
children make a healthy nation. Therefore securing optimum

health for childream through adequate nutritional feeding
pro gramme should be the major goal for all those who are

pPlanning for progress.

Alert mind in a strong body is the most favourable



condition for effective learning (Cravioto,1970,
Monckob.ry,1970 and Farnando,1971). Neither mental
alertness nor bodily strength will be possible, when
children do not get the right kind of foods in adequate
quantities and may permanently reduce his intellectual
capacity, (Toply, 19703 Cravioto, 1970, 19713 Frisch, 1970,

19713 Devadas et al, 1971j Srikantia, 1971).

Growth is a complex process with wide variability
in its manifestations, (Ghai and Sandhu 1968). As Chandran
at 8l (1966) note growth is not merely a physical phenomenon
but involves intellectual, emotional and social development.
Each child has a unique pattern of growth, and make a great
demand o; calories, proteins and other essential nutrients
in the diets, (Leverton,1962 and Nutrition Reviews, 1969).
Thus as Bhalekar snd Phadnis (1966) claim, the rate of

growth is an index of the mutritional status of children.

B, Nutritional Disorders of Children in India
&

Out of thoé!§7 million children under the age of 14

years living in devoloping countries, 269 millions are
undernourished, (WHO,,1970). Malnutrition is the most crucial
malady affecting the health of children in India, (Lathons,
1966). Srikantia and Yogananda Sastri (1971) report that

the growth performance of most children belonging to the



poor income groups is suboptimal in India. Surveys conducted
in several parts of our country show that a high proportionmn,
namely 1,00,000 to 3,00,000 of our school children manifest
frank signs of nutritional deficiencies, Prasada Raoc and
Gupta (1968), Reddy (1969) and Gopalan (1969), (1970).
Vijayaraghavan et al (1971) conducted studies on 7,000 schoel
children and found that 20 per cent of the childreh belonging
to the poor income group had one or more deficiency

diseases. The Coimbatore District Secondary School Medical
Aid Committee (1971) reported that out of a total of 41,182
children exsmined, 36 per cent suffered from malnutrition,
19.5 per ceut from defect; in teeth and gums, 3.6 per cent
from anaemia, and 35.6 per cent from other deficiency

disorders.

One of the underlying causes of malnutrition among
children is the ignorance on the part of the mothers,of the
need for hygienic care and nutritionsl requirements of
young children (Bower et al 1964, Mac Laremn, 1964 and
Devadas and Faswaran, 1968). According to Devadas(1990)
and Fascual (1971) the prevailing food habits, traditions,
customs, and beliefs are some of the most important

social cultural factorﬁkffocting the nutritional status.



Rao et al (1965) report that in the regions where
food production is low in relation to population, the
diets especially of the low income groups are often
deficient in many essential nutrients. A series of nutri-
tional surveys carried out in the different parts of India
by Aykroyd (1948), Patwardhan (1952), Mitra (1953),
Radhakrishna Rao (1954), Gopalan and Ramalingaswvami (1955)
Rao and Rao (1958), Rao et al (1959), (1961), WHO (1963),
(1966), Devadas et al (1964), Devadas (1965), Gopalan (1970)
Bailur (1970) Gopalan et al (1971) and Dhar (1971), have
shown that deficiencies of protein, calories, iron, calcium,

vitamin A and B complex are prevalent among growing children.

Studies conducted by Narasinga Rao et al (1969) on
preschool children indicate that their mean daily intake
of calories was 725, while that of protein was 1.9 gram
per kilogranbody weight. While the protein intake was
similar to the recommended allowance calorie intake was
far below the recommended allowance of the Indian Council

of Medical Research.

Most children suffering from KwashiorkXxor have
anaemias of varying degree, exhibiting low levels of
haemoglobin, serum iron, elevated levels of vitamin 312 and

low levels of folic acid (Reddy and Srikantia, 1970).
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C. Iron Deficiency Anaemia

Iron defiliency anaemia ia a term that is indis-
criminaktely applied to microcytic, hypochromic anaemia.
WHO (1968) defines nutritional anaemia as a condition in
which the haemoglobir content of the blood is lower than
normal, as a result of a deficiency of one or morqosoential
nutrients. Haemoglobin values lower than 10 g/100 ml of
blood for children aged 6-14 years are considered to be

anaemic, (WHO, 1966 and Pennsylvania Department of Health,

1971).

Anaemia caused by iron deficiency has been reported
to be a very common nutritional disorder in India, Ramalinga-
swami and Patwardhan (1949), (1965), Moore and Dubatech (1956)
Woodruff (1961), FAO (1963), Chandran (1965), Elwood (1965),
Berry and Mac Williams (1967), Routh and Agarwal (1967)
Sood (1967), Chatterjee (1967), Banerji (1968), Mittal and
Agarwal (1969). Several workers like Smith (1966),
Venkatachalam (1968), WHO (1968), NRL (1968), Venkatachalam
(1971) and Vijayaraghavan et al (1971) have indicated
that anaemia is particularly prevalent among growing children.
ICMR (1966) and Reddy (1969) have reported that more than
50 per cent of the infant’hnd children have haemoglobin

values below 10 gram per cent, the standard accepted for

the age group.
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1« Causes of iron deficienoy anaemia!

The causes of iron deficiency anaemia in children
are many and varied, (Guha and Rasbmi, 1967 and Sood et al
1968). Some of the etiological fattors listed by Apte
and Venkatachalam (1963) chandra (1965), Conrad (1967)

and Venkatachalam (1968) are:

K. Protein calorie malnutrition
b Hgomorrhago
.; . Ce Hook worm infestation
d. Malabsorptive syndrome
e Composition of the diet

4 Increased requirement during growth period.

a. Protein Calorie Malmutrition:

For a long time anaemia was thought to be the result
of protein’ deficiency, (Sandozai et al 1963), Narasinga
Rao (1970) holds that anaemia is one of the important
clinical features of kwashiorkor. Halsted et al (1969) and
Woodruff (1969), Srikatanaban and Thayer (1971) have also
smphasised that anaemia and iron deficiency are common in

Protein Calorie Malnutrition.
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Haematological studies carried out on 200 children

suffering from kwashiorkor by Reddy and Srikantia (1970)
reveal that a great ma jority o; the children exhibits
moderate degrees of anaemia, the mean level of haemoglobin
being 8.8 + 0.37 g/100 ml. Although it has been recognised
that anaemia is frequently associated with kwashiroker,
it does not appear to be due to defective production of
erythropoietin which influences bone marrow activity
(Murthy,1965). It has now been recognised, that in cases
of Protein Calorie Malnutrition, deficiency of other
haematopoietic factors like iron (Trowell and Simkiss, 1957),
folic acid and vitamin B (Patwardhan, 1961 j Chandra, 1965
Periera and Baker, 1966) and vitamin E (Majaj et al 1963)
coexist and may contribute to the anaemia, The haematolo-
gical and biochemical study of Chandran et al (1966) on Indian
school children revealed that protein defieient diet is

simultaneously deficient in iron also.

During the early phases of nutritional rehabilitation
with high protein diets, of children suffering from kwashiorkor,
the already low levels of haemoglobin show a further fall in
a great majority of children., Edozein and Xhan (1968)

ascribe this drop to haemodilution.
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b Haemorrhage s Co

Only a few workers, Hoag et al (1961), Naiman et al
(1962) and Wilson et al (962) have studied the evidence of
occult blood %n iron deficiency anaemia, both before 5;4
after correction of anaemia. Guha and Rashmi (1967)
showed that 34.4 per cent of the children observed with
anaemia, had ococult blood im faeces. Aftof iron t;erapy
and diaappoargnoo of anaemia, the benzidine test was
repeated and fqund to be negative in all tﬁo cases recorded.
Trauma and ooagulation defect have also been reported to

cause haemorrhage sometimes, (Conrad, 1967).
c. Hookworm Infestation: oo

In the pathogenesis of anaemia,iron deficiency has
been recognised associated with hook worm infestation,
Roche and Layrisse (1966) and Farid g%,gi (1969). Saraya et al
(1970) conducted studiegon 104 patients with stools positive
for hook worm ova, with regard to anaemia, iron and protein
deficiency. Iron deficiency anaemia was observed in 80 of

the 104 patients.

i

The relationship between hook worm infestation and
anaemia, depends upon the number of worms present in the
gut, the iron stores of subjects and the amount of available

iron in the diet. Foy and Kondi (1960), Mehamood (1966)



1h

and Matrinez«Torris et al (1967) have shown that intestinal
blood loss is associated quantitatively with hook warm load.
Gilles et al (1964) estimate that each worm causes a

daily blood loss of 0,05 ml. It has also been inferred
that hook worm produces interference with the reabsorption

of iron, (Sheehy et al '1962).

Intestinal changes in hook worm infestation have
been found to correlate with hypo albuminaemia, (Tandon
et al, 1969). Salem and Truclove (1964), Tandon et al
(1966), Rai ot al (1968) and Burman et al (1970) found
correlation between hookworm infestation and structural
derangement of small intestine. Saraya et al (1971) reported
the prevalence of vitamin 812 and folic acid deficiency

in patients with hook worm infestation,

d. Malabworptive syndromes

Malabsorption disorders, in the small intestine
such as sprue, decrease the absorption of iron, Badonooﬁ
and Cellender(1954). Acute infection also causes decreased
absorption of iron, (Saylor and Finch, 1953; Jeffrey, 1955
and Conrad et al, 1970). It has been postulated that this
decrease is caused by a loss of absorptive surface in the
small intestine which loses its characteristic villous
appearance and becomes fluttered and atrophic, Sheehy and

Floock (1964).



15

Gastrectomy and atrophic gastritis decrease iron
absorption and lead to irom deficiency, (Hobbs, 1961),
partly due to the inability to release iron from food
without acidf;f the stomach. Chronic diseases such as

chronic renal failure can also cause anacmia, (Erslev,

1970 and Wallace,1971).

\

e. Composition of the diet:s

|

The quantity of iron in the diet, the chemical
form in which it is present in the diet and the protein
content of the diet appear to play a role in regulation
of iron absorption, (Conrad 1966, 1967). Ferreus iron
is abSorbed in greater quantities then ferriec ircm from

the food. (Conrad, 1962 and Callender et al, 1962).

f. Increased requirements during growtht

The demands for iron are increased,to meet the

extra physiological needs in early life and to increase

the blood volume during growth. If these requirements are

not met, anaemia results. Dhar et al (1969) report that

iron deficiency anaemia may be due also to maternal ill

health, undernutrition, faulty feeding and prolenged breast

feeding.

w1
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2., Clinical manifestations of ixron deficieney anaemia:

Severe iron deficiency is manifested by a symptomatie

anaemia, shortness of breath with a rapid pulse with mild

exertion, and a haemoglobin concentration less than 7g/100 ml

(Crosby, 1958). According to Bothweel and Finch (1962)
iron deficiency anaemia can be differentiated from other
nutritional anaemias by the demonstration of small and pdle
red blood cells in the circulating blood. Conrad (1967)
explains that the common complaints of iron deficiency
anaemia are fatigue, weakness, headache, dizziness,
exertional dypsnea, palpitation and mild gaatrointoatinal
symptoms. Furthermore as Huser et al (1967) point out " .-
circulating blood contains many minute and deformed red
blood c¢ells with a shortened life span which worsens the

anaemia,

D. Role of Iron in Child Nutrition

The role of iron in child nutrition is reviewed under

the following aspects:

1. Nutritional importance of iron
2, Iron intake
3« Iron absorptien
4, Utiligation and storage
5e Excretion
6. Iron requirement.
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1+ Nutritional importance of irons

The body contains about 45 milligrams of iron per kg
of body weight, in the form of transport iron, haemoglobin
iron, storage iron and cellular tissue iron. The major -
portion of the iromn, 55 to 60 per cent is in the blood,
Muscle tissue contains about 3 per cent, and available
iron is stored in the liver, spleen, kidney and bone

marrow, (Wilson et al 1968, Finch, 1969).

Iron is essential for growth and maintenance of the
body. The primary function of irom in the body is oxygen
transport at the levels of haemoglobin and myoglobin cyto-
chrome, (FAO/WHO group, 1970). Iron is an essential
constituent of haemoglobin, (WHO,1963). X bulk of the
iron found in the blood is firmly added to the haemoglobin
of Red Blooed Corpuscles, (Millor,1971). Normal persons
have rosorvoﬁbr iron which can be drawn upon in times of
deprivation or physiolegical stress such as pregnaney and
rapid growth. VWhen intake of nutrients is inadequate to
meet the daily requirements, these stores are gradually
used up (NRL, 1968), Hence the importance in building
up these reserves. A depletion of iron reserves occurs
during the period of rapid growth of the infant despite the

considerable store of iron contained in the plethoraof
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haemoglobin in the blood at birth, Nutrition Reviews
(1971). Most new babies begin life with 300 to 400 mg.

of iron stored in their body and 2.5 to 4.5 mg iron are
laid down in the tissues during the folleowing 20 years.
The latter part of the first year of life, adolescence and
pregnancy are known to be the period of maximal demand on

iron reserves (Woodruff, 1961),
2, Xron intake:

Hussain and Patwardhan (1959) found that the average
dietary intake of iron varied from 11 to 14 mgs per day.
Sinee availability of iren to hgman utilisation varies from
different foods, a figure of total dietary iron without
knowledge oﬂits source is not generally informative,

(?orry ,1967). Indian diets are chiefly composed of cereals
like rice, wheat, sorghum and maize, which are conﬁ&ativoly
low in their iron content, but their consumption in large
quantitiedincreases the dietary iron content, (Apte, 1970).
Apte and NarasingaRao (1971) found that the average iron
absorption is 33 per cent from ferrous sulphate, 8.6 per cent

from rice and 12.6 per cent from wheat meals,

3. Iron absorptions

Absorption of iron takes place in the form of ferrous

iron and the term "available"™ has been applied to the iron
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present in foods which is readily converted to this form.
Only about 5 to 10 per cent of the dietary iron is absorbed

generally, (Berry, 1967 and WHO, 1968),

The different factors. affecting the absorption of iron

aret

ae Mucosal factors affecting absorption
b, Role of Phytates

Ce Role of Calciun"

de. Role of Ascorbiec acid

e. Role of Protein

ae. Mucosal factors affecting absoxrption:

The quantity of iron in the body is maintained
primarily by the controlled absorption from the duodenum,
and to some extent by excretion. In order to maintain the
balance, the duodenal mucosa must remain attuned to the body
requirements for iron (Conrad, 1967). Hahn (1543) postulated
that regulation of iron absorption is eccomplished by a
mucosal receptor which blocks the abso_rption of iron when
it becomes satiated with iron. The absorption of over doses
of iron indicates that this "mucosalblock" can be overwhelmed,
(Smith and Pannaccinlli, 1958 and Bothwell and Isaacson,
1962) but does not preclude the existence of a relative
block which limits the absorption of excessive dietary iron,

Conrad et al, (1964).
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be Role of phytates:

Among the several factors that interfere with the
digestion and absorption ef food ironm, the phesphorus
and phytate content of the diet seens’to be the most
important. The Indian diet based on cereals anqpulsol
contains more than 40 per cent of the total phosphorus
as phytin phosphorus, (Patwardhan,1961). Hussain and
Patwardhan (1959) showed that when phytate was added at
eight and 40 per cent levels to a well balanced diet,
iron absorption was reduced from 20 per cent, to 11 and
three per cent respectively. Apte and Venkatachalam (1962)
demonstrated the adverse effects of high phytate on the
absorption of iron, from a diet containing 20 mg of iron
by forming insoluble iron phytate complexes. Apte and
Venkatachalam (1962) observed on human subjects that less
than one per cent of iron was absorbed from cereal diets
containing 40 per cent phytate and providing 16 to 17 ng

of iron per day.
¢+ Role of caleium:

Conflicting views have been expressed in the literature
regardin; the effect of dietary calcium on iron absorption.
The beneficial effect of extra dietary calcium on iron

absorption in human beings has been stressed by Gubler (1956)



and Foy and Kondi (1956). They showed that moderate
amounts of calcium in the diet had a favourable effect

on iron absorption. According to Davis (1959), low
intake of calcium would prevent iron absorption from the '
intestinal tract in experimental animals and cause iron

deficieney anaemia.

Woodruff (1961) and Apte and Venkatachalam (1964)
found that with an intake of 1000 mg. of calecium and
16.5 mg of iren, the mean ebsorption of the iron was only
four per cent which increased above 16 per cent, when the
intake of dietary calcium was raised % 1500 mg/day. The
increased level of calcium can be achieved by the addition
of caleium rich foods such as green lcafy vegetables and
milk, (Apte, 1970). The beneficial effects of high levels
of dietary calcium is probably mediated thveugh the prevention
of formation of insoluble irone-phytate complex. These
results suggest that the absorption of iron and calecium may
depend upon the relative amounts of calcium, iron and

phosphates in the diet, (Apte, 1970), .

d. Role of ascorbic acid:

Iron must be in the ferrous or reduced state before

it can be absorbed by the mucosa of the intestinal tract,
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Dietary supplements of vitamin C have been shown to
facilitate the process, (Apte and Venkatachalam 196%5).
From their metabolic studies on human beings, Apte and
Venkatachalam observed that supplementation of diets with
100 mg of ascorbiec acid 1ncreasedbignificant1y iron
absorption from cereal based diets. Callendor1(1970) puts
forth that ascorbie acid incorporated in therapeutie
proparations of the iron, lcads to a significant increase

of iron level in the pa@?nt's blood.

s, Role of nroteint

Absorption tests on normal subjects and sub jects
with iron deficiency anaemia, using 5%e o tagged wheat
have shown that wheat iron is available for absorption to
a ver& small extent and the iron deficient subjects did
not show the expected increa;e in absorption of ironm,
(Huesain et al, 1965). Conrad (1970) points out that

protein depletion decreases iron absorption.

b. Utilisation and storage:

The devel of iron stores at all times represents a
useful measure of iron balance, and storage iron serves
as a buffer to proteot the body against iron deficiency
anaemia, (Routh and Agarwal 1967). Thirty per cent of the

body's iron subserves a storage function and is found in



several sites, pringiptlly in the liver. This reserve
supply of iron does not participate in any biochemical
reaction but is available for haemoglobin formation,
vhen required, (Miller,1971). Rose and Hubbel (1938)
studied the capacities of male and female rats in
retaining iron, and in regenerating haemoglobin. ihoir
results revealed that there is no difference in irom

utilisation due to sex.

From their investigations on rate Oldham and Schultz
(1940) observed that iron retention increased when the
intake was increased from 0,02 mg to 0,32 mg, but when the
intake was further increased (above 0.32 mg per day) the

retention remained constant.

Elwood (1968) states that the level of circulating
haemoglobin is largely dependent on the body content of
the iron which ultimately is dependent on the absorption

and loss of iron from the body.

5. Execretions

The human body's capacity te excrete iron is very
limited since once iron has been absorbed it remains in the
body for prolonged periods and undergoes transformations.

Under normal physiological conditions, the loss of body .. .:
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iron 1s small. The main route of iron excretion are

the skin and gastro”intestinal tract, (Apte, 1970). Many
investigators (Huseain et al, 1949, 1960; Moore, 19350, 1961}
Dubatch et al 1955; Foy and Kondi, 1957) have reported that
iron losses in the range 0.5 mg to 6.5 mg through skin.
Apte and Venkatachalam (1962 and 1963) and Apte (1963)
carried out several studies to determine the dermal loss
of iron in Indians and found that it varied from 0.38 to
3.22 mg/day. Analysis of urine may provide useful
information about the dietary intake of nutrients. But in
the case of iron the results are very meagrg (Hadaworth,
1963), since very few detailed investigations of the normal
loss of iron in the human urine, especially, in relation

to the diet, have been made.

Radio-active studies using EQFEJ, on the total body
content combined with faeeal coliection by Nasser and
Baird (1968) have shown that the faecal iren loss is
largely in the form of haemoglobin iron. The mean loss

in anormal person was found to be 0.23 te 0.46mg/day.

Taking into consideration the losses through the
urine and faeces anqﬁndividual variabilities the non-
haemoglobin loss of iron in Indians has been estimated to
be 2 mg by Apte and Venkatachalam (1965), and Apte (1968).

In ohildren six to 12 years old Leifhallberg (1971) has
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reported a basal iron loss of 0,65 mg to 0.75 mg per day

for boys and 0.65 mg to 0.8 mg for girls.
6. ron requirement: | '

The body requires only a small quantity of iron,
most of which is found in the RBC, (Pandit,1963). The
growing child must absorb on an average 0.5 -illigram,?f
iron daily, in excess of body leosses, to fulfil'the |

requirement, (Hawkin et 2l 1956, Schulman,1961).

Factors which influence iron requirement in éﬁfzdrém

as described by Leifhallberg (1971) are:s

Ly

a. Need to cover the losses and growth, that is for
expanding the blood volume (Red cell mass) and
for supplying the growing organs with iron.

b. Building up iron stores in childhood for future
demands, especially, of girls.

Ce Total body iron logs and body iron increment.

With these considerations a total requirement of nearly
0,95 mg to 1.6 mg/dafif;rivod at for children six months to
12 years. The FAO (1957) calculated the iron requirement
in terms of calories and reported an intake of 0.45 mg iron/
1000 calories for an eight year old child. Acocording to
the ICMR (1971) the iron requirement of the school going
children is 15 to 20 mg/day, whereas the FAO/¥HO group(1970)
have presented a requirement of only 10 mg per day for
children consuming diets which includsanimal foods contributing

10 per cent of calories.
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1
E. Green Leafy Vegetables as ¢ Source of Iren

Several workers have called attention to the highly
rutritious but inexrensive and protective qualities of
green leafy vegetables, (Singh and Joshi, 1960; Devadas

et al, 1968, 1969, 1970, 1971; Sohmidt, 1971).

n

' Green leafy vegetables are protective and regulatory
foods (Devadas et al, 1961) because they give:

Calcium to build bones and teeth and thereby promotes
growths

Phosphorus which is required by every cell in the
bodyy

Iron to enable the blocod to make red corpuscles)

Other minerals nocessary for the growing child and
for aiding digestiong

Regulatory factors for the processes such as
cireulationy assimilation and maintenance of body
temperature and alkalinity of blood and other fluids;

The cellulose which help to prevent Constipation,
and prevent over eating; and

Vitamin A good for eye.

Thus leafy vegetables constitute one of the best
tonics oqhaturo and help children grow with alertness and
ability to resist diseases. The use of grezen leafy
vegetables all the year around is a wise practice to

secure iron, and other nutrients.

Amaranthus species are one of the annual herbs of the
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tropics (Nutrition, 1972). Green leafy vegetables in

general are rich sources of iron, calcium, Vitamin A

and ascorbic acid (Swaminathan and Bhagavan, 19643 WHO,

1969) and that Amaranthus is a rich source of these

minerals and vitamins is evident from the values reported

by ICMR (1971)¢ Devadas et al (1969) observed that there

is no significant variation in tLu iron content of the

amarenthus during different semsens.

F. Effeet ef Cesking Utemsils on the Irem Cemtyui of
Yegotables

]

Lal and Mitra (1952) and Chakrewsrti and Maiti (1959)
reported that iron comtemt of the vegetables imnsressed

when cooked in iron vessels. Devadas et al (1965) prepared
amaraanthus leaves using utensils made of different metal

and alloy such as iron pans alumsimism and tin coated brass.
They found that amarsmthuscooked in cast iron pans showed
an inereease in iron content from 11.32 mg to 110,7 mg/100 g.
Sethi et al (1967) also advocates cooking leafy vegetables
in iron pans, because of the subsequent increase in the

iron content.

Ges Seheeol a i lementati £ [

Tamilnadu Midday moall schem@é provides midday meals

to 18.2 Lakhs of pupils, (Government of Tamil Nadu, 1972).
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Devadas et al (1965, 1967, 1968, 1969); Devadas and
Radharukmani (1966); Kamslanathan et al (1969); Devadas gt ol
(1970), (1971) and Gopalan (1970) have pointed out the
beneficial effects of school lunch programme in improving

the nutritional status of the children.

Studies by Devadas et al (1968) have shown that
green leafy vegetables and fruits are consumed only;y.j
per cent of the school children. Sundararaj et al (1969)
noted that the quantity of leafy vegetables cormmed by our
children is too small to make a significant contribution to
their requirement. Saroja (1966) exhorts that green leafy
vegetables are one of the yichest sources of iron in a high
cereal diet. The school meal can thus be made nutritious
by including foods to supply protein, vitamin A and minerals
such as sprouted green gram, leafy vegetables, carrot,

tomato and papaya.

As Apte and Venkatachalam (1962) state only few
studies have been carried ocut in India on the availability
of iron from green leafy vegetables.’ Nirmala et sl (1968)
have shown that additien of green leafy vegetables can
supplement the Indian rice diet for ironm and calcium,
Kamalanathan et al (1965), Anandam et al (1966) and Devadas

ot al (1971) have demonstrated that children receiving leafy

+
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vegetables along with school lunch registered significant
’linprovemont- in growth and nutritiona’l status. Devadas

et al (1971) noted a significant increase in the
haemoglobin and PCV values of a group of elementary school
children fed amaranthus along with school lunch diet,

vhen compared to that of a group fed iron tonic instead of
amaranthus. Similar findings were also reported by Nirmala

ot al (1968) on pre-adolescent girls.



III. EXPERIMENTAL PROCEDURE

The experimental procedure is discussed under the

following headingss

A. Selection of school and childremw
Be. Standardisation of cooking and serving processes
C, Selection and introduction of the supplement

De Assessment of the nutritional status
A. Selection of School and Children

Sri Avinashilingam Trust Basic Elementary School which
has a school lunch programme operating under the Tamil Nadu
Mid-day Meals Scheme, was selected for the study because
of the willingness and co-operation of the management and

authorities.

Out of the110 children, in the age range five to temn
years, who were participating in the mid-day meals programme,
105 children comparable in agey height, weight and
haemoglobin level were selected. According to their initial
height, weight, haemoglobin level and age,they were divided
into three groups with 35 children each. A comparable

group of 35 children, who were not participating in the
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school lunch programe were selected as the control group.

The groups were designated as:

Group I .o Control group (Non-school lunch)
Group 11 .o Basal diet
Group IIIX ve Basal diet + Amaranthus cooked

in aluminium utensil

Group Iv .o Basal diet + Amaranthus e¢ooked
in irox*.ltonlil

i

The mean initial height, weight and haemoglobin
levels of the four groups of children are given in Table I
with the details for the individual children given in

Appendices B, C and D,

TABLE I

THE MEAN INITIAL HEIGHT, WEIGHT AND HAEMOGLOBIN LEVELS
OF THE FOUR GROUPS OF CHILDREN

-'38--Bﬂﬂgﬁﬂﬂﬂﬂﬂgtﬂl‘i.ﬂﬁﬂtﬂ ﬂ-BSESGBSC'IBISSSBS.:.E:BB.“BS’B"\

Height Weight Haemoglobin

Groups cms kgs. ., levels g/100 ml
I Control Group 115.67 18.1% 11.37
II Basal diet 115.66 18.10 11.37

IIY Baseal diet +
Amaranthus cooked
in aluminium
utensil 115.67 18.13 11.33

IV Basal diet + Ama-
ranthus cooked
in iron utensil 115.70 18.20 11.44

BT T T e T L ———

= AR D o
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B, Standardisation of the Procedures for Cooking and
Servings CL

1« ZRlanning the basal diati
The basal diet was formulated on the basis of the

follewing coriteria:

a) Meet one-third of the day's recommended allowances
suggested for five to 10 year old children by
Indian Council of Medical Research (1968),

' CEE O

b) Maintain the cost within ten pase per child per
day am stipulated in the Tamil Nadu Mid-day
Meal Scheme .

c) Provide an attractive, appetising and good
¢ nutritious meal s

and d) Accommodate the supplements.

The basal diet was common to all the three experimental

groups. A week's basal menu, thus planned, is given in

Yy

Table II.



33

TABLE II

THE WEEKLY MENU FOR THE SCHOOL LUNCH (BASAL DIET)

DAYS

MENU

MONDAY

TUESDAY

WEDNESDAY

THERSDAY

FRIDAY

SATURDAY

Wheat uppuma, Carrot dhal kootu, Tomato salad,
C.S.M, Payasam.

Tamarind rice, Carrot dhal kootu, Tomato salad,
CSM Payasam .

Wheat uppuma, Carrot dhal kootu, Tomato salad,
CSM Payasamo

Dhal rice, Carrot dhal kootu, Tomato salad,
CSM Payasam.

Wheat uppuma, Carrot dhal kootu, Tomato salad,
CSM Payasam,

Lime rice, Carrot dhal kootu, Tomato salad,
CSM Payasam,

ST e R E R N S T E R G e N S R N EEEE R ERNEE R

Amaranthus cooked in an aluminium utensil was given

to group III and amaranthus cooked in an iron utensil was

given to group IV, as supplements.

The cost and quantity of the food stuffs used for

the school lunch per child per day are presented in Table III,
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TABLE 1III

THE COST AND QUANTITIES OF THE FO?D STUFFS USED PER
CHILD PER MEAL

Amount Cost

No. Foodstuff (g) s, ps.
1. Rice 75 0009}
2, Bulgar wheat C s Free*
3. Red gram dhal o ' 20 0.02
h. Carrot st 20

o . * ' 0,01
Se Tomato N 20
6. Corn soya Milk (CsSM) 30 Free#*
Te Salad oil 10 Free®
80 Lime . 5

0,01

9. Tamarind : 3
10, Jaggery 10 0.01

# Supplied free by CARE for the entire programme in
Tamil Nadu.

¥ On days when rice formed the basal cereal, the cost
of the menu worked out to be 14 paise. But when
bulgar wheat was used, the cost of the menu wvas
only 5 paige. Hence, on an average the cost of a
day's lunch works out to be 10 paise.
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The nutritive value of the basal midday meal as

compared to one~-third of the reconmanded allmr'a'gcoo, ICMR

(1968) is given in Table IV.
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The basal diet thus met all the nutrient requirements

and the calorie needs for children of five to 10 yearapf age.

2., Standardisation of cooking and sexrvings

The recipes for the different items on the school lunch
menu were standardised in terms of proportion of ingredients,
amount of water used énd length of time of cooking. The raw
as well as cooked weights of the preparations of the whole
lunch were noted. 7The volumetric equivalents in terms of cups
and spoons for a standardised serving of cereal preperation,
payasam and vegetable preprations were determined. This
fac}litated quick serviug and controlled the quantity of
foods given. Record of attendance at school and at lunch

were kept daily by thoiinve-tigator.

Ce. Selegction and Introdhotion of Supplements:

The basal diet of the school lunch providedl 9.5 mgs of
iron. To suppiement this iron, amaranthus, a commonly grown
leafy vegetable in Sou;h India, was selected because of its
availability in all seasons. The amaranthus used in this study
was cultivated on the same plot, and picked at uniform stage

of maturity.
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The recommended allowance for greens by ICMR (1968)
for a school going child is 75 gs. Therefore half that

amount was selected to be given along with the lunch,

Groups IIY and IV were given the sama amount of amaranthus,
but cooked in aluminium and iron utensils respectively. The
basal group was given the basal lunch alone. The amaranthus
in the raw form and as cooked in alumium and iron utensils
was analysed for its iron, calcium (AOAC, 1960) and ascorbiec

t

etal
acid (Hawk,\1965) contents,

D. Assessment of the Nutritional Status of the Children

The nutritional status of the children was assessed by

the following methods:

1. Anthropometric measuremente.
2. Estimationpf the hacmoglobin level.
3. Cliniecal picture.

4, Food consumption patterm and analysis of nutrients.

1« Anthropometric measurementst

Grading the rate of growth on the basis of age, height
and weight is one of the means to arrive at the nutritional
status, (Bhalekar and Phadnis, 1966). Hence these measurements

were used as one of the criteria for evaluation of nutritional

status in this study.
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a. Height:

A stadiometer was used for the purposed. The sub jeet
vas made to stand on the platform errect, with heels together,
legs and neck straight and eyes horizontal. Then, tﬁe
horizontal lever was lowered so as to rest firmly on the
erown of the head (Jelliffe, 1966 and WHO, 1969). There- ,
after, height was recorded to the nearcst centi;etre. Thie

measurement was done every month,

be Vel E}tl

i
The subjects were weighed every month between 9 AM and
12 AM, with recently emptied bladder and having minimm
clothing with no shoes and sook, (WHO,1969). The weightgwere

recorded to the nearest 0.5 kg,

2. Lstimution of the anemcglobin level:

Haemoglobin determinntion was carried out every month

by the cyammeth haemoglobin method, (Varley, 1968).

3. Cliniecal picture:s

-

Clinical examinations were done in the beginning and end

of the experimental period using the ICMR sechedule.
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b, Food consumption pattern and snalysis of the nutrients:

a. Food comsumption patterms:

To obtain the food coasumption pattern at home and to
assess the contribution of home lunch, a threeday weighment
survey, which is considered as thﬁmost reliable method by
many authors (Swaminatﬂan et al, 19663 WHO, 1966; Devadas,
1970; Miller, 1970) wae conducted. From each group, five
children vwere seleoted randomly using the random table. For
the weighment, the home of each subjest was visited during
his/her meal hours (Breakfast, lunch, tea and dinner) and the
foods esaten were weighed and recorded. Care was taken to
record also the foods eaten from external sources by the
c¢hildren if any. One-~tenth of the total food consumed at each
meal was collected, and preserved for analysis. The midday
meals eaten at séhool was also collected scparately for analysis,
and this formed the intake ai lunch for children participating

in the school lunch programme.

A

be Analysis of nutrientss:

The food thus collected was homogenised everyday, five
gram aliquots were taken and estimaved for ascorbie acid
content daily by the methud of Hawk et al (1965) to minimise
tue vitamin loss during storage. The homogenised ssmple was

digested and analysed for protoin,(Hawk et al method 1965
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modified by NI@, caleium and iron (AOAC, 1960). The basal
midday meal collected from the school was also analysed
t
for ascorbic acid, protein, calcium andiron using the

same procedures.
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IV. RESULTS AND DISCUSSION

The results of the present investigation on the
availability of iron to school children, from amaranthus
cooked in two different utensils are presented and discussed
in the following oxder:

Ao Effect of different cooking utensils on the iron,

c¢alciux and ascorbic acid content of amaranthus.

B. Food consumption patternof the children.

C. Nutritional status of the children.

. 1. Height
2. Veight
3. Haeroglobin levels
b, Clinical examination

As. Effect of Different Cooking Utensils on the Iron, Calcium
and Ascorbie Acid Content of Amaranthus

The amarsnthus used foxr the supplementation was analysed
for iron, calcium and aseorbic acid in the raw stage as well
as after cooking in two different utensils made of iron and
aluminium. Table V gives the data thus obtained. The
replicate values obtained for the analysis are given in

Appendix A,



TABLE V

MEAN TRON, CALCIUM AND ASCORBIC ACID CONTENT OF RAW
AND COOKED AMARANTHUS

R R I R R S T T T I I I R I I S R I I P T T TR TN R ERN T TT IR ERSR

Yariations
Nutrients Cooked in Cooked in Comparison -;. .,
Raw Aluminium iron o
Ttensil Utensil
(v) (a) (x)
Iron(mg) 25 23 118 U Ve A 1.81
UVs X 90,29%#
AVs I 06.,26%%
Calcium(mg) 390 383 385 UVs A 1.79
UvVs I 1.2%
; A Vs I 0.39
Ascorbpic
acid{mg) 96 39 54 U Vs A 18.854#
UVe I 1 5l
A Vs 1 7 24 %

-3 212 3 8 3 2 3122 —F 2 F 332232 333 2 PR3 23 0 -f F -2 13 P - F i3 33 2 333 13 233 2 7

# Significant at 5 per cent level
*% Significant at 1 per cent level

Ll
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1. Iron:

The iron content of raw amaranthus was 2% mg/100 gm,
The value reported by Gopalan et al (1971) is 25.5 mg/100 g.
When cooked in an aluminium utensil the iron content was
reduced to 23 mg/100 g. This may be due to the possible
oxidation of iron, while in the case of amaranthus cooked
in the iron utensil, there was a big increase in iron content

of 118 mg/100g.

This increase is comparable to that reported by Devadas
et al (1965). Similar triale in increases due to cooking in iron
utensils have been reported also by Laybnd Mitra (1952) and
Chakravarthi and Maiti (1959). The statistical treatment
indicated that the loss of iron due to cooking in aluminium
utensil was not significant when compared with the raw sample.
On the other hand, the incresse in iron content of amaranthus
due to cooking in iron utensil was highly significant (PZ 0.01)
when compared with the raw sample or the sample cooked in the

aluminium utensil,
2.- Calciums

The analysis of raw sample aeeiesd showed that the calcium
content of amaranthus was 390 mg/100 g. During cooking there
was a slight reduction in the calcium content. The calcium
content of the amaranthus cooked in the iron utensil was 38% mg,

while that cooked in the aluminium utensil registered 383 mg.
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The differences between the raw and cooked samples
hovever were not statistically significant. Hence the cooking
losses in calcium is negligible and the utensil in which it
is cooked does not have any effect on the calcium content of

amaranthus.
3. Ascorbic acid:

Ascorbic acid is a thermolabile nutrient. Ascorbie acid
content of amaranthus as reported by ICMR (1971) is 99 mg/100 g
of the sample. Amaranthus used in the present study had an
ascorbic acid content of 96 mg/100 g in the raw stage, cooking
seemed to cause a great degree of destruction of this nutrient.
Pasricha (1967) also reported the -;mo result. This loss was
lesser in the case of amaranthus cooked in iron utensil i4b4 per

cent) vhereas the loss was 59 per centiwhen cooked in the

aluminium utensil. .

Statistical treatment showed that the loss of ascorbiec
acid between the raw and the cooked sample (cooked both in
iron and aluminmium utensils), were highly significant at one
per cent level. VWhile comparing the efficiency of the two
utensils in minimising the loss of aseorbic acid due to
cooking it was found that cooking in iron utensils preserved
the ascorbic acid content to a greater extent and the differences
between the utensils in thal respect was significant at five

per cent level,
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B. Food Consumption Pattern of the Children:

All the children, except those in the control group,
received lunch in the school and consumed the rest of the
meals in their homes. The contribution of the home diet to
the food consumption pattern of th; children was assessed
by analysing the nutrient content of the home diet of five
randomly selected subjects from each group. The nutrient
intake thus obtained was added to the intake through the
school lunch which was also collected &nd analysed to arrive
at the food consumption pattern of the aschool lunch children.
In the case of the children in the control group who were not
participating in the midday meals, their home lunches were
collected and analysed, and added to the home intake for

the day.

The average protein, calcium, iron and ascorbic acid
content as analysed and the calculated calories, of the
basal school lunch and the supplement were added to the
nutriant intake from home diets, to arrive at the food

consumption pattern of the children and the results are

presented in Table Vi,



b7

uojjejusweddng gjueIvwy 03 ONp SIUSTIINU [PUOTIFPPe = (@)

O R I A I N I I R I T I I I N I T I I I S I I I I R I S S E NS S E S SR NRESE RN AN AN TIERANE AR IR RIS LRI

-

III

II

I

VD R D W D G OD ER AP D D D GO WP G SR D AD G WD G P D DGR D G G D W N D D ek SR ED G D GD AR D D G D WS G G D D D D G D SN AR ED D DGR R WS GRS G A D G D R G S D G WD P D D G R P TR GD OB D G G OB G P S G G Eh TR D D T YR G T u»

I W aF @B @ B B B @ @ S @ & W W © > @ @ @ W @ @ @ & e W W W™ @ S @ W = > s & ® > o

0% °3 of oz o3 Si 00€¢ °3 00%
€ (o) €+ 6¢ (=) 1 s (=) 4l
Li+S LE ozl
+LL +H61
. (=) (=)
@) . L 6Lt
€e 21+S 91 ot +it 2L 0£S +u61 912
Lt < Zi 1tz ot ¥ Z8€ 264+ o061
zZL - 4} i - 1L 663 - 661
v = » i ) » o
2 8 § 2 22 § § .2 8
[~} ] [ [+
m m = B mm W“w £ . m o Q.
& o o o °
[, 4 (. 4 [, 4
(2m) (3w) (Bw)
PFOV 9FqI00o8y uoxy anyoTed

€€ 03 ZZz 0081 ©3 0041 SOUEBMOT [® POpPUIEREOIOY
gz Lt i co61 ¢l ofit TFsueln UOIf UF
POY002 SNYJUBIBWMY
+ 3oIp Teseq
i€ 8t €y LLéy  LSL ozzi TTsuesn
ENfULENTe W
pexooo suyjuBsIvwy
+ 3OTpP Teseg
gz Ll 1L 6€£81 Lyl 2601 3OTP Teseqg
i - 4§ ooyt - 004t (4Youny Yooyos uou)
dnox® goxjuo)
= w - = w >
[+
s o B s wB s
o AL £
- - m.u W
® [ ]
ot ot
(%) (Teo )
ufejoxd sejIOTe)

ON
dnoasn

I s R I I I I R I T R T T R S T I T I I I I I I I R I I S S R S NSRS AR ETI NIRRT NIRRT BN TNTRZ

IOV OIGHOOSYV ANV NONI °*HAIOIVD *NIZILONd *SIADIOIVO JO MIVINI NVIEK

IA THHEVL



L8

1. Calories:

The calorie intake of the groups ranged from 1400 k.cal
to 1977 k. cals Children in the school lunch groups recived
adequate amounts of calories, comparable to the allowance
recommended by the ICMR (1971). Children in the control group
who were not receiving school lunch were found to be inadequate
in their cadkorie intake. The highest calorie intake was shown
by the group III, receiving amaranthus cooked in aluminium
utensil used as supplement, when compared to the other groups
and the minimum by the control group (1440 K eal). These findings
are in line with those reported by Devadas et al (1969) and
Go;;nlan et al (1971) that the diets of school children are

inadequate in calories and protein,
2. Protain:

° The total protein intake of the groups ranged from
15 to 31 g The contribution of the home diet to the protein
intake of all the children was low. The additional protein
supplied by the school lunch fulfilled the requirement of protein
(ICMR 1571), for groups II, III and IV. The weighment survey
revealed that the major part of the protein, the childrem
got through the home diet was cereal based. Similar findings
have been reported by Narayana Rao et al (1963), Swaminathan

et al (1971), Devadas et al (1969).
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The highest intake of protein was recorded by the
children in Group III receiving amaranthus cooked in aluminium
utensil as the supplement. Group IV ranked second in protein
intake. The protein content of the diets of children in the

control group (Non schoul lunch) was the least.
3. Caleium:

The home diets provided 174 to 216 mg of calocium daily.
Anslysis of the intake from school lunch showed that it
provided 192 - 195 mg of caleium. In the case of amaranthus
suppleme nted groups IITI and IV there was an extra intake of
119 « 120 mg of calcium. Thus, the intake of calcium varied
from 199 mg to 530 mg daily. Here also Group III was found to
be receiving the highest quantity. The weighment survey revealed

that cereals were the main source of calcium in the home diets.

w 1% was observed that the children receiving amaranthus

as uuppl.n’nt had an adequate intake of calcium as recommended
by ICMR (1971). The children in the school lunch alone fell
short of the calcium requirement by 4.5 per cent, whereas
ohildren in the homelunch group had a very low intake of calcium
amounting to 199 mgs. It was approximately only half the daily

requirement.
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4, Iron:

The collection and analysis of home diets indicated
that the iron intake of children through the home diet ranged
from 11 to 12 né. The intake from the school lunch alone
(as analysed) ranged from 10 to 11 mg. Amaranthus supplementation
further increased the intakes of iron by adding 7 mg of extra
iron for group III (amaranthus cooked in aluminium utensil) and
37 mg of extrqiron for Group IV (amaranthus cooked in iron

utenal).

Hence Group IV was receiving the highest amount (59 mg)
amounting to be more than double the requirement, (ICMR, 1971)
with the same amount of greens as supplemented for Group III.
Group III ranked second in its iron and the non school lunch

group of children had the minimum iron intake.

5. Ascorbic acidt

The total intake of ascorbic acid by the four groups of
children ranged from 12 to 35 mg per day. The contribution of
home diets to the ascorbic acid conton?&f the diet was meagre
(12 to 16 mg). The highest intake was registered by children
in group IV who received amaranthus ccoked in iron utensils as
& supplement and this is due to the fact that ecoking loss of

escorbic acid wasfless in the iron utensil (Table V). Group IIIX
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ranked next in ascorbic acid intake, while Group I had the
least intake. The intakes of Groups III and IV met the
recommended allowances (ICMR, 1971) whereas those of groups
I and IT fell short of the requirements by 60 per cent and

43 per cent respectively. O

C. Nutritional Status of ths Thildrem

1

1. H‘iﬂtl ) | : B

The mean increase in height of the four groups of
children along with the statistical trsatment is given in
Table VII. The monthly heights of these children taken during
the seven months:of the experimental period is givea in

Appendix B, eyl ey i v
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The mean height of the children in all the four groups
registered an increase. When compared with the control group
(GI) the children in the other groups (GII, GIII and GIV) had
greater increases in the heights, with the highest increase
regiat.rod’)y children in group III. This may partly be due
to the higher ;ntake of calcium protein and calories. (Tablo VD‘

These differences in hoightdbetween the groups, howvever
wvere not statisticully significant, The greater increase
evidensed by the children participatinqin the school lunch

programme may be partly due to the effect of the nutritionally

adequate luneh provided for them.

2. Wel Ez!t L]

The mean incresse in the weight of the children in the
four groups along with their statisticael analyeis are presented

in Teble VIII. The individual monthly weights are given in

Appendix C.
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An increase in weight was registered by all the
fouf groups. The Haighoat increase was registered by
children in group IV, Groups III and II ranking next inorder

respectively.,

The results of the statistical anaysis indicated that
the differences in weight registered in Groups IV and IIIXI
(children supplemented with greend were significantly higher
than that of GI (non school lunch gro@ip)ofone per cent level,
where as the difference between the groups GI and GII was
significant at five per cent level., The differences between
groups II and IIIj and Groups II and IV were also significant
at five per cent level. The difference in weight between

groups IIYT and IV however, was not statistically significant.

These results indicate the beneficial effects of the
school lunch and the possible enhancement of utilisation of
prot;in by iron from amaranthus. VWhen co-related with the
nutrient intake also, it is evident that children in Group I,
had an inadequate calorie and protein intake along with caleium
and ascorbic acid. Children in Groups II, III add IV had an
enhanced intake of cadories and protein and they were also
receiving a nutritionally adequate lunch at schools This
adequate intake of calorio-cﬂong with other essential nutrients
might be the contributovry factor: for the better growth

pattern of children in the school lunch groups. As reported by
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many workers, only if the calorific intake is adequate,
protein and other nutrients will be utilized for body
building purpoio. (Swaminathan, 1968, Narasinga Rao, 1969

and Sukhatme, 1970).

3. Haemoglobin level:

The mean increases in the haemoglobin levels of
all the four groups of children with the statistical treat-
ment is given in Table IX and monthly record is given in

Appendix D,
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The mean haemoglobin level for all the four groups
of children had increased. Children in Group IV had the
maximm increase (1.86 + 0.012) in haemoglobin level. Group
III ranked next (1.22 ¢ 0.01) followed by Group II (0.68 + 0.01)s
The least increase in haemoglobin level was shown by the
control group GI (0.12 ¢+ 0.001). The mean increases in the
haemoglobin levels of the four groups of children is

graphically represented in Fig. 1.

| The statistical analysis of the data indicated that the
differences in the increase in the haemoglobin level between
the four groups were highly significant (P < 0,01)., When the
non school lunch group was compared with Groups II, IIT and

IV the differences were significant at one per cent level,
This may well be correlated with the food and nutrient

intake of these groups, of ehildren. Children in the school
lunch groups were receiving adejquate quantities of protein

of a good quality and as reported by Klavins et al (1962)
Ressman (1964) and Abernathy et al (1965) good quality protein

provided in adequate amounts, enhances iron absorption.

Children in groups III and IV were also receiving
amaranthus as supplements, providing 7 mg and 37 mg of
extra iron respectively. Along with excess amount of iron
supplied by amaranthus, it may also be mentioned that amaranthus

is also a good source of caleium and ascorbic acid which has
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a beneficial effect on iron absorption and utilisation as
stressed by Guha (1956), Foy and Kondi (1956), Nasser and
Platt (1968), Callender (1970), Apte (1970) and Devadas
et al (1971). The phytate content of amaranthus is also
less t-an that in cereals (Gopalan et al, 1971). That
rhytates interfere' with the absorption of iren especially
in cereal based diets has been stressed by many workers
(Apte and Venkatachalam, 1962, 1964)., In case of Group IV
another contributory factor favourable to the utilisation
of iron is that as indicated earlier (Table V) the loss of
ascorbiec acid was lesz Nhen cooked in the iron utensil and
ascorbic acid provides a favourable medium for the maximum
absorption of iron from the gut, (Apte and Venkatachalam,

1965 and Callender, 1970).

The extra amount of calories, protein and calcium provided
by the diets might also have had a beneficial effect in
improving the iron nutritional status as indicated by their
haemoglobin picture. 1t is commendable that because of the
synergistic effect of the higher quantities of iron, calecium
and al;orbic acid furnished by the amaranthus cooked in
iron utensil with the adequate protein and calorie intake
resulted in the best blood picture among the four group of
children. It is also notable that the iron gained by cooking
in iron utensil has been found to be utilisable as indicated

by the haemoglobin picture.
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LI

The clinical examination carried out on all the children
at the beginning and end of the experimental period, showed
no signs of clinical manifestations either in the beginning

or at the end of the investigation. i .

]
|




V. SUMMARY AND CONCLUSION

This study on the availability to the school children,
of iron from amaranthus cooked in two different utensils
was conducted for a period of seven months. The children
participating in the school lunch programme were grouped
into three groups of 35 children each. They were comparable
in age, height, weight and haemoglobin levels. Another
group of 35 children who were not participating in the school
lunch programme formed the control group. The groups were

designated as:

Group I «s Control group (Non school lunch)
Group II ‘e Basal diet

Group III ,. Basal diet + Amaranthus cooked in
aluminium utensil

Group 1V oo Basal diet + Amaranthus cooked in
iron utensil
The basal school lunch was planned to provide one third
of the day's allowances recommended by ICMR (1971) for children

of this age group, and to accommodate the iron supplement.

Half the daily requirement of green leafy vegetable
recommended by the ICMR (1971) was supplemented to Groups III
and IV. Group III was given amaranthus cooked in aluminium

utensil and

-

Group IV, the same amount of amaranthus cooked

in iron utensil.
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The analysis of the amaranthus fo#its iron, calcium
and ascorbic acid content showed that the iron content
increased to 118 mg/100 g (from 25 mg/100 g in the raw state)
when cooked in iron utensil, where_as when cooked in an aluminium
utensil the value obtained was 23 mg/100 g. This increase in
the iron content, when cooked in thﬂiron utensil was significant
at one per cent level. The cooking loss in ascorbic acid
was also significantly (P > 0.01) less when cooked in the
iron utensil (44 per cent) as compared to that cooked in the
aluminium utensil (59 per cent). The value obtained for
calcium did not show any difference due %o cooking, or due

to utensil.

The height, weight and haemoglobin levelsof the children
were recorded every month. The food consumption patterqof
the children was also assessed through a three-day weighment

surveys The results of the study revealed that:

1. The day's intake of calories ranged from 1400 (GI)
to 1977 (6 III); protein from 15 g(G I) to 31 g
(¢ IIX); calcium from 199 mg (G If to 530 mg (G IIX);
iron from 11 mg (G I) to 59 mg (G IV) and ascorbic
acid 12 mg (G I) to 35 mg (G IV)., The intakes of
calories, protein and iron were adequate for all the
groups of children participating in the school
lunch when compared with the allowances recommended by
ICMR (1971). But the intake of calcium and ascorbic
acid wasadequate only for the children receiving
amaranthus as supplement, whereas for group GII, it
fell short of the recommended figure mainly because
the home diets were deficient in these nutrients. For
the control group intake of all the nutrients fell
short of the recommended allowances.
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2. Children in all the four groups registered increases
in height typical of this age group of children and
the mean increase ranged from 3.24 + 0.93 em (G I)
to 4.01 + 0.09 om (G III). The mean differences in
heights however were not statistically significant,

3. The increase in weights ranged from 1.40 + 0,02 kg
(@ I) to 2.67 + 0.01 kg (G IV). The children parti-
cipating in the school lunch programme had a
significantly higher weight increase when compared
to the non=school lunch group. The difference
between G I and G II was significant at five per cent
level, whereas those between GI and GIII,and GI and
G IV were significant at one per cent level. The
difference between the basal group (G II) and that
of amaranthus supplemented groups( GIII AND G IV)
was also significant at five per cent level. The
differences between G III and G IV, however, was
not significant.

k. The mean increase in the haemoglobin levels,
registered by groups G I, G II, G III and G IV were
0.12, 0.68, 1,22 and 1.86 g/100 ml respectively.

The highest inocrease as recorded by group G 1V
(ammranthus cooked in iron utensil) was significantly
greater (P£0.01) than that of all the other groups.
The increagces in the haemoglobin lwvel recorded by
groups of children ( GII, G III and G IV) participat-
ing in the school lunch was significantly higher

(P< 0.01) than that of the children belonjing to

the non-school lunch group. The fact thut the
differencoe in the haemoglobin level between G II and
G III; and G II and G IV was also significant at one
per cent level indicated that the supplementation of
amaranthus improved the blood picture considerably.

5. The clinical examination conducted at the beginning
and end of the study did not reveal any deficiency
signs.

Thus Amaranthus flav_us improved the nutritional status

of the primary school children. The beneficial effect of the
school lunch is also reiterated. The fact that children

receiving amaranthus cooked in an iron utensil had the highest

increase in the haemoglobin level indicates, the possible
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utilisation of iron obtained from the iron utensil. Apart
from the iron per se, the calcium and ascorbic acid supplied

simultaneously must had a beneficial effect on iromn utilisation.

Children in the school lunch group were also receiving
adequate amounts of calories and good quality protein, whioch
might have had a synergistie effect on iron utilisation. In
addition of being a good source of iron, caleium and ascorbic
acid Amaranthus flavus is also a rich source of vitamin A.
Hence, from the utilisation point of view, the availability
of iron-along with other nutrients from amaranthus, is of
great-%iéniticanco. Cooking in an iron utensil further
improve the iron availability. This finding is of great

practical value.

It would be interesting to study the possibility ef
iron utilisation from other foods cooked in iron utensils.
Further studies with labelled iron are recommended to
throw more light on the mechanism of iron utilisation under

these circumstances.

ol e
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APPEND IX-A
EFFECT OF DIFFERENT COOKING UTENSILS ON THE
IRON, CALCIUM AND ASCORBIC ACID CONTENT
OR ANARANTHUS.
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No. Particulars

1.

2.

3.

Uncooked

Cooked in
aluminium
vesgel

Cooked in

iron vessel

Nutrients

Iron
Calcium

Ascorbie
acid

Iron
Calcium

Ascorble
acld

Iron
Calcium

Ascorbic
acid

REPLICATE VALUES FOR NUTRIENTS

87
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1

25,0
339.5

96.0
22,7
383,.7

38.5
113.0
3385.0

53.7

2.8
389.0

97.0
22.7
381.9

38.7
117.2
335

5.0

3

25.3
390.0

956.2
22.3
38345

38,3
118.8
385,0

53.5
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APPENDIX - B
MONTHLY HEIGHT RECORD OF INDIVIDUAL CHILDREN
IN THE FOUR GROUPS



10.
11.
12.
13.
14.
15.
16.
17.

GROUP I HEIGHT IN CENTIMETERS

Age Sep-
Ye- Mon- Cla- Augu- tem- Oct-
ar ths ss st ber ober
11-10 v 122.2 123.2 123.9
10-1 V 118.3 120.0 120.9
9-0 V 123.6 124.9 125.6
9-1 vV 121.4 121.7 122.2
9-1 Vv 122.2 123.1 123.3
9-5 V  124.5 125.8 126.4
8-2 Iv  119.0 119.9 120.0
8-2 IV  123.7 124.1 125.4
8-4 v 113.5 114.1 114.5
8-2 iv 115.0 116.5 118.0
8-4 IV 112.8 113.9 114.6
10-3 IV 137.0 139.6 140.1
8-2 IV  113.4 114.1 114.5
7-2 III 107.8 107.9 108.5
7-5 III 110.4 112.8 112.9
7-5 III 116.6 117.1 118.1
6-8 IIT  118.3 117.0 117.8

Nove-
mber

em-
ber

119.5
118.5

39
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Age Sep- Nov- Deec- Janu- Febru-

No. ye- Mon- Cla- Augu- tem- Octo- em- em- ary ary
ar th ss st ber ber ber Dber

13. 6-2 II 110.4 111.5 111.9 112.1 112.5 112.8 113.1
19. 6-1 II 113.1 114.2 114.8 115.2 115.5 115.8 1186.0
20. 6-1 II 116.0 116,9 117.3 117.7 118.1 118.4 118.8
21. 8-2 II 109.0 111.4 112.5 112.9 113.3 113.6 113.8
22. 6-11 II 109.8 110.3 110.6 110.3 111.1 111l.4 111.7
23. 8-5 II 115.0 116.1 116.8 117.4 118.0 118.3 118.6
24, 5=3 I 110.8 111.4 112.8 113.1 113.4 114.0 115.0
25, 5-3 I 106.7 107.1 109.0 109.5 110.0 110.4 110.7
26. 5-2 I 99.0 99.9 100.1 100.7 101.1 102.0 102.5
27. 2-1 I 125.7 126.0 126.2 125.5 126.9 127.2 127.5
28. 9-2 V. 124.1 124.5 125.0 126.3 126.7 127.1 127.4
29, 8-2 IV 116.0 115.4 115.8 117.2 117.5 118.1 118.86
30. 8-7 IV 112.3 112.6 112.9 113.4 113.8 114.2 114.5
31. 8-9 IV 118.2 118.6 119.1 119.5 119.9 120.6 121.0
32. 673 II 103.5 103.8 104.2 104.5 104.8 105.0 105.3
33. 5=4 I 103.6 109.0 10933 109.5 109.8 110.2 110.8
34. 8-0 IV 122.8 123.1 123.8 123.9 124.4 124.9 125.3

35. 6-1 II 110.7 111.1 111.6 112.1 112.8 112.9 113.2



Nn
Ga0U» L1 H2IQHL IS CSAYLksTRAS3

Age
Hoe Joeirou<Cla= \4gue jap= (Cte Nov~ Je0= Jange Pabrasry
ar ths sa a3t tou~ Ober ane au- ary
bep ber bep

Q-Q-QQOQ-QQO—‘-—-“ﬂ--.0“‘ ® ® W ® o -

le 10-0 V 18742 12340 13060 13140 13240 13d.8 133,41
de 07 V 14763 18705 12749 lidel 1u3¢8 130¢& 13041
3¢ 9D V 1447 12440 LiBel 1049 luTe6 1300 12343
4 De=@ V1878 1u7e3 Lideid 14040 13048 1:0e9 1312
B¢ 04 V 11644 11740 21768 11347 1i0e0 LE0ed 1cUa?

Go 10=0 IV 130s1 13140 13ke7 13Ue0 13245 152e@ 1364
To Bel IV 11343 11de6 Li0e6 Liled 1iceb liliied lidied
de 3e8 IV 11744 113¢5 lloek 11060 lileb 1eied liued
Do del IV 108.3 103¢9 102e3 1104 11140 11de3 1117
10s 10=3 IV 1373 1331 1383 133,8 13,0 13344 13949
1ls del IV 11345 10008 18068 120,89 16106 liceD 12iseB
lie 83 III 121e5 10 leied 19540 185,85 1ib.8 1584
L3¢ Be: ILI 11949 1<0e3 14048 Lilel 124a0 1ol  1%ieb
Mo 7+8 ILI 113,85 115.2 Q184 115,9 117,85 L1738 11340
15, 7-8 III 11940 18ds0 12247 134,14 14344 12344 12346
16s 7ol II 11343 11446 11449 115.3 L6453 11548 1174
17, 8«0 II 11447 113.3 1M4e2 Mi5e1 116,0 118.5 11740
13, 6=l II 1liel L1149 11sel Llco® 1l:s3 113,1 113.4
19, 83 Il 1leel 11443 11446 118.1 115,6 113,0 116.3

m‘--nﬂ~-‘un0-~bﬁduudnﬂnﬁﬁﬁo-.



No. gggMon- Cla- Augu- 3ep- Oct- Nov- Dec~ Janua- Febru-
ar th ss st tem- ober em- em- ry ary
ber ber ber
20, 6-4 II 103.0 105.4 105.4 106,1 107.0 107.4 107.8
2l, 5-9 II 103.9 105.2 105.5 106.0 106.5 106.9 107.3
22. 6=2 II 110.4 111.2 112.0 112.2 112.9 113.3 113.7
23, 5-3 I 101.8 102.0 102.3 103.1 103.5 104.0 14,5
2. 5-1 I 103.8 109.1 109.4 110.4 111.5 111.9 112.5
25. 5«4 I 101.1 102.4 102.7 103,1 103.5 104.8 104.5
26, 5-1 I 102.5 103.0 103.5 103,9 104.2 104.6 105.0
7. 9«11 V 137.0 133.9 140.3 140.5 140.5 140.8 141.1
23, 9=5 V. 120.1 121.4 121.9 122.4 123.0 123.3 123,6
29. 3-6 IV 125.1 127.0 127.3 127.9 123.5 128.8 129.5
30, 6-11 II 104.8 105.6 107.0 107,7 103.5 103.9 109,3
31, 6«9 III 111.7 113.5 114,1 114.8 115.5 115.9 116.3
32, 7-8 III 105.9 103.0 103.5 109.0 109.5 110.2 111.0
33, 6-5 II 110.7 111.4 112.4 113.0 113.5 114.0 114 .4
34, 7-3 III 115.9 113.0 113.6 119.2 119.9 120.5 121.0

35, 7=5

IiI 114.0 1l14.4

114.6 114.9 115.2

- am @ & e W e -

115.5 115.8
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GROUP III HEIGHT IN CENTIME TRES

Age
No. ye-lon-Cla- Augu- Sep- Oct- Nov- Dec- Januay Febru-
ar th ss st ten- ober em- en- ary
ber ber ber
1. 10-1 V 134.0 134,6 135.3 135.9 136.5 137.0 137.4
4, 10-0 V 139.4 140,0 140.4 140.¢ 1447 42,1 142.5
Se. 10-1 V 119.6 1z20,1 123,6 125.1 127.0 127.5 1238.0

6. 10,3 IV 126.0 126.8 126.9 127.4 127.9 128.7 129.2
7. 8-9 IV 113.1 119.5 120,0 121,0 121.9 122.4 122.9
8. 8-2 IV 123.2 124,2 125,0 120.0 126.9 127.3 127.7
9. 8-2 IV 122,2 123.1 123.4 124.8 126.0 126.5 126.9
10, 8-3 IV 119,56 120.6 121.7 122.0 122.4 122.9 123.5
1le 9-11 IV 113,2 114.0 114.5 115.0 115.5 116.0 116.5
127.4 127.9 128.6 129.3

<
X
©
.fg,
N
3

12, 10=-38
13. 8-0 III 119.0 120.5 120,8 121.0 121.2 121.6 122.5
4. 7-3 III 115.7 117.6 113.2 113.5 113.9 119.4 119.9
15, 7-1 III 109.5 110.3 110.7 110.9 111.0 111.7 11,5
16, 8-4 III 114.2 115.5 115.8 116.1 116.5 116.9 117.4
17, 7-2 III 106,7 107.7 108.5 109.3 110.4 110.9 111.6
18, 6-2 II 103.5 1038.9 104,0 104,5 105.2 105.7 106.4
19, 6-2 II 109.0 109.,5 111,1 111.6 112,1 112,7 113.5



Age
No. ye- Mon- Cla-Augu- Sep- Oct- Nov- Dec-
ars ths ss st tem- ober em- em- Janu- Febr-

ber ber Dber ary uary

----—----------—---------—_--—--

20. 6-1 II 111.6 112.9 113.8 114.3 115.0 115.5 116.4
21, 6-3 II 112.,5 113.6 114,.3 114.8 115.4 115.8 116.1
22, 7-3 II1 101.6 102.1 102.3 102,7 103.0 103.5 104.3
23, 6-5 II 112.2 113.3 113.6 114.0 114,3 114,7 115.1
24. 6-2 I100.4 101.5 103.3 103.7 104.2 104.8 105.5
25. 65=7 II 110.0 112,1 113.0 113.3 114.2 114,.,3 115.5

26, 65-5 I108.5 109.1 110.0 110.6 111.0 111.,4 111.9
27. 10-2 V 126.5 127.3 129.0 129.5 130,1 130.5 131.0
28. 9=3 V 130.8 132.0 132.5 133,0 133.5 134.0 134.3

29. 3-11 IV 124.6 124.9 125,5 126,.2 127.5 127.9 128.4
30. 3-2 IV 109.0 110.4 111.1 111.7 112.5 112.9 113.5
3l. 7-1 III 112.4 114.1 114.6 115.1 115.9 116.4 116.8
! 32, 8=-3 III 111.3 112,0 113.0 113.5 114.0 11l4.5 114.8
33. 6-6 II 111.8 112.4 113.4 114,0 115.5 115.,9 116.3

) 34. 5"'1 I 10306 104.1 105‘2 l%ao 1%05 10609 10705
35. 7-0 II 111.0 111.6 111.9 112.4 113.0 113.4 114.2
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x GROUPS IV HEIGHT IN CENTIMETRES
Age. T TTTTTEEees
No. ye-Mon-Cla- Augu- Sep- Oct- Nove Dec- Janu- February
ar th ss st tem- ober ember em- ary
ber ber

.-G---&nOﬂ‘--‘--&o---~---------.--

1. 10-7 132.5 133.2 133.4 133.9 134.0 134.6 135,56
2., 9-4

30 9‘2

\
V 123.2 123.7 123.9 125.5 125.5 126.0 126.8
V 127.4 123.3 131.4 131.9 132.4 132.9 133.4
4. 9-5 ¥V 119.3 120,1 120.5 120.8 121.1 121.6 122.4
5. 9-0 V 114.38 116.4 116.7 117.3 118.0 118.8 119.5
6. 9-1 V 119.3 121.0 121,2 122,3 123.5 124.0 124.9
V 135.0 135,7 135.9 136.8 133.0 138.5 139.3
V 117.4 113.0 113.2 118.7 119.3 119.7 120.4
Iv 132.2 132.7 133,0 133.4 133.9 134.3 135.9
Iv

7¢ 9=7

8. 10-1

9. 10-11
10, 8-3

11, 3-9 IV 113,0 118.3 118.6 119.0 119.5 120.5 121,.3
12, 9-3 IV 127.0 127.7 129.4 129.7 130.0 130.4 131.2
13, 7-2 III 114.2 116,5 117.0 117.6 118.0 118.9 119.9
14, 7-7 III 120.8 121.6 122,7 123,0 123.5 123.9 124.4

121.4 122.8 123.4 124.4 125.5 126,6 127.3

15, 8-2 III 121.8 122.3 122.8 123.2 123,9 124.4 125.8
16, 7-0 IITI 113.0 113.9 119.3 119.7 120.2 120.7 121.3
17. 7-1 III 99.9 101.5 101.7 102.4 103.3 103.,7 104.6
18. 6-4 II 104.7 105.5 106.5 107.0 107.,5 108.0 103.6
19. 6-4 II 112.4 112,9 113.9 114.6 115,1 115.6 116.5

.--------Uq------~------O-------
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No. yefﬁgn- Cla- Augu- J3ep- Oct- Nov- Dec-
ar th ss st tem=- ober ewn~ em-
ber ber ber
e e m e e e a s e o m .. m.e ... ... ===
20, 6-2 II 110.5 111.6 111.9 11Z.1 112.5
2l, 6=6 II 103.0 103.6 110,0 111.,0 118.0
22, 6-1 II 14.6 115.0 117.3 117.8 118.4
23. 5=0 I 96.4 923.3 98.5 93.7 99.0
24. 5=4 I 105.5 105.,9 106.6 107.0 107.4
25, 6=4 I 105.0 106.0 107.3 107.5 107.°9
26, 5=6 I 96,9 96.5 98.2 99.1 99.5
27.10=5 vV 113.3 119,7 121.0 121.5 1z1.9
<3 9-4 V  130.4 130.2 131.3 131.7 132.5
29, 9-1 IV 120.5 121.5 122.1 122.6 123.0

30,
3l.
32,
33.

8-2 IV 105.1 105,65 105,92 106.4 106.9
9-4¢ III 127.1 127.8 128.0 128.4 1238.9
6=6 IT  120.5 121.1 122.,0 1l22.6 123,5
9-3 III 112.3 113,0 114.5 115.4 116.0
6-2 ITI 107.1 107.6 103.7 109.1 102.5
6=5 II 95.0 96.7 98.0 99,0 100.2



APPEND IX~C
MONTHLY WSIGHT RECORD OF INDIVIDUAL
CHILDRIN IN THE FOUR GROUPS
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1.
2,
3.
4,
3.
G,
Te
8.

GROUP I WEIGHT IN KILOGRAMS

Age
No. ye-Mon- Cla- Augu- Sep~ Oct-
ar th ss st tem~ ober
ber

11-2 V  25-0 24.5 25.0
10-1 Vv 16.0 17.0 17.5
90 V  20.0 20.5 20.5
9-1 Vv 21.0 22.0 22,0
9-1 V 19.0 19.5 20.5
9-5 T  20.0 20.0 21.5
d=2 IV 17,0 17.5 18.0
8-2 IV  20.0 20.5 21.0
-6 IV 17.0 17.5 17.0
8-2 IV 13,0 13.0 13.5
3«4 IV 15,0 16.0 16.0
10«3 IV 25.0 26.0 26.0
8- IV 17.0 17.5 13.0
7-2 III 16,0 16.0 16.5
7-5 III 17.5 13.0 18.0
75 III‘ 13.0 17.5 13.0
6-8 III 20,0 20,0 20.5
6-2 II 17.0 17.0 1%.0
6-1 II 18.0 18.5 19.0

Nove=- Dec=
mber mber

25.0 25.5
17.0 17.5
21.0 22,0
23,0 23.5
20.0 21.5
22,56 22,0
17.5 18.5
21,0 21,6
17.5 13.0
19.0 19.0
15.5 16,5
27.0 28.0
13.0 19.0
16.5 16.5
13.5 19.0
18.5 18.5
20.0 21.0
16.5 17.5
18.5 20.0

Janu-
ary

26,0
18.0
22.5
23,0
2l.0



.
- e @ o g w® - -

ye-lon-Cla~ Augu- Sep- Oct-

Age

ar th ss
6-1 II
6-2 II
6-11 1II
6-5 II
5=3 I
5=3 I
5=2 I
9-1 v
9-2 \'f
8=2 IV
8=-7 IV
3=9 v
6-3 II
5=4 I
3=-0 IV

6=-7

st ten-

ber

ober

Nov~ Dec- Janu- Febru-

em~-
ber

em- ary ary

-, E ap e T wp W@ e e



GROUP II WEIGHT IN KILOGRANS

No.Age
Ye-lon- Cla- Augu- 3ep- Oct- Nove- Dec- Janu- Febru-
ar th ss st tem- ober mber em- ary ary

ber ber

.-------ﬁ--------ﬁ-‘---w‘-----o-ﬁ

1. 10-0
20 9"'7

21.5 23,0 25.0 25,5 25.5 25.6 25.0
22,0 22.5 23.0 22.5 23.0 24.0 24.6
3. 9‘9 1500 1800 1.9 00 19 00 19 '0 19 00 19 05
5, 9=4 17.5 16,5 17.0 17.5 17.5 13.0 18.5

\'
\
\J
4, 9=-2 V  23.5 23.0 4.0 «4.5 25,0 25,0 25,5
v
IV 23.0 23.5 23.5 23.5 24.0 24.0 24.5

6. 10=-0
7. 8=1 IV 18,0 19.0 19.5 19.5 20.0 20.0 19.5
8v 8-5 IV  19.0 20.0 20.0 20.5 20.5 20.5 21.0
9. 8=1 IV 16,0 16,5 16.0 16,5 17.0 17,0 17.5
10. 10=3 IV 28,0 29.0 29.0 29.5 30.0 30.5 31.5
11, 8=1 IV 13.0 13.5 18.0 13.5 19.0 19.0 19.5
l2a, 8-83 III 22.0 22.5 23,0 23,0 23,5 23,5 24,0
13, 8-2 III 19,0 20.0 19.5 19.5 19.0 19.5 20.0
14, 7-6 III 15,0 15.0 15.5 15,5 16,0 16,0 16.5
15, 7-6 III 22.0 23.0 3.0 23,0 23.6 24.0 25.0
16, 7-1 II 17.0 17.5 18.0 18.0 18.5 18.0 18.5
17. 6=0 II 15,0 16.0 16.5 17,0 17.0 17.0 17.5
13, 6-1 II 16,5 16.5 16.0 16.0 16.6 17.0 17.5

18, 6-3 II 17.0 17.5 17.0 17.5 18.0 13.0 18.5

- - e e e @eva W W ™ W B W W @ ws W w = - e W e e e ® w W -



27.
28,
29,
30C.
31,
32.
33,
34.
36.

ar th s3s

6~ II
S5-9 Il
6-2 II
5-1 I
5-1 I
5«4 I
S~1
9~-11 V
9-3 v
8-6 IV
6-11 II
6-2 III
7-3 1III
6-5 II
7-3 III
7=5 111

st

11.0 14.5
15,6 17.5
17.0 17.5
13,0 14.0
15.C 16,0
14.5 14.0
15.0 15.0
27.0 23.5
2.6 20.0
22.0 22.0
15.5 16.0
17.0 17.5
13.07 12.0
15.6 15.C
18.5 19.0

Nove- Dec-

mber

QL -
ber

Janye-
ary

Febru-
ary

W AR MM e P s W W @ P an ww W -

15.0
17.5
17.5
14,0
16,0
14.0
14.5
28.5
20.0
2248
16.0
17.5
19.5

18.0
18,0
13.0
14,5

16.5
14,0
16,0
29.0
20.5

16,5
13.0
18.0
14,5
16,0
14,0
15.5
29.5
2045
22.5
16.5
13.0
19.0
17.5
19.90
17.0

15.5
18.5
18,5
15.5
16,5
14.5
15.5
30.0
21,0
22.5
17.5
18.5
19.5
17.5
19.5
17.5

- e e W



GROUP III WEIGHT IN KILOGRAMS

Age
No. ye-Mon- Cla- Augu- 3ep- Oct- Nove- Dec- Janu- Febru-
ar th ss st tem- ober mber em- ary ary

ber ber

.---‘----------n----ﬁ--‘O‘----.

V 25.0 26.0 26.0 27.0 23.0 28.5 8.5

V 17.5 18.0 19.0 19.5 20.0 20.5 21.0

3. 96  V 13¢0 13.0 19,5 19.5 20.0 20.0 20.5
V 26,5 26,5 27.0 27.0 27.5 28.0 28.5

V 22,0 21.5 22.5 22.0 23.0 24.0 24.5

6. 10-3 IV 21,0 22,0 22.0 22.0 22.0 22.5 22.5

7. 3-9 IV 20.0 20.5 21.0 21.0 21.0 21.5 21.5

8. 8-2 IV 20,0 21.0 21.5 22.0 24.0 £2.5 23.5

9. 8=2 IV 19.0 20.0 21.0 21.5 21.5 21.0 21.5

10, 8-3 IV 23.0 23.0 23.5 24.0 24.5 24.5 25.0
11, 9-11 IV 15.0 15.5 15.5 15.0 15.5 16.0 1645
12, 10-8 IV 22,0 £3.0 23.0 23.0 23.5 23.5 24.0
13, 8=0 III 20,0 20.5 21.0 21.0 21.0 21.5 21.5
14, 7-3 III 17.0 19.0 19.0 19.0 19.0 19.5 20.0
15, 7-1 III 16.0 17.0 17.5 18,0 18.56 18.0 18.5
16, 8= III 17.0 18.0 18.0 18.56 19.0 19.0 19.5
17. 7=z IIL 14,0 14.5 15.0 15.5 16.0 15.5 16.5
18, 6-2  II 13,5 13,5 14.0 14.0 14.5 15.0 15.5
19, 6v2  II 16.0 13.0 17.0 17.0 17.5 17.5 18.5

-ﬂ--‘---------‘~~‘-----------.



---‘-—---‘---‘-------ﬂ-----o---.

Age
No. ye-lon Cla- Augu- Sep- Oct- Neve- Dec- Janu- Febru-
ar th ss st  tem- ober mber em- ary ary

ber ber

- A W@ w W ° W e W W w e " G @ W W W WD W W W s W W = ww W ew -

20, 6-1 II 17.5 17.56 13.0 18.5 18,5 18:5 19.0
21, 6-3 II 13.5 14.0 14,0 13,5 15.0 15.0 15.5
22, 7-3 II 16,5 16.0 16,0 16,0 16.5 17.5 18.5
23, 6-5 II 16.0 16,6 16.0 16,0 16,5 17.0 17.5
24, 5-2 15,0 15,5 15.0 15,0 16.0 16.0 16.6
25, 5=7
26, 5<5
27. 10-2

I

I 17.0 17.5 18.0 18.0 138.5 19.0 20.0

I

v
28. 9-3 V 21.0 21.0 21.0 21.5 21,0 22.5 23,5

v

v

15,0 16.0 16,0 16.0 17.56 17.5 18.5
21.0 21,56 21.5 22,0 22,0 22.5 23.0
29. 8=l11 20.5 21.0 20,0 21.0 22,0 22,5 23.5
30, 8-1 18,0 18.5 19.0 19.5 19.,5 19.0 19.5
3l. 7-7 III 17.0 18.0 18.0 18.5 18,6 18,5 19.5
32 8-3 III 15.0 17.0 17.0 17.5 17.5 18.0 19.5
33 6=6 II 17.5 17.5 17.0 17.5 13.0 13.0 13.56
34, 7=0 II 17,0 13.0 17.5 18.0 18,0 13¢5 19.5
365, 6-1 I 4.5 16.0 15.0 15.5 16.0 16.0 16,5




No. ye-lon-Cla- Augu-

10.
il.
iz,
13.
i4.
15,
16,
17,
18,
19.

Age
ar th ss
10-7 V
=4 v
9-2 v
9=5 v
9-0 v
9-1 \
9-7 v
10-1 V
10~11 IV
3-3 IV
8-9 IV
9-3 IV
7-2 II1I
7-7 III
3-2 III
7-0 III
7-1 III
6-4 II
6-4 II

GROUP IV WEIGHT IN KILOGRAMS

st

24,5
19.0
24,0
18.0
1740
17.0
24,0
21,0
25,0
19.0
19.0
20,0
18,0
19.0
13.0
19.0
13.0
1640
18.0

Sep~ Oct- Nove=- Dec-
tem~ ober mber an-
ber ber

26,5 26,5 26,5 26.0
189.0 20.0 20.5 21.0
24.5 25.0 25.5 26,0
19.0 12.0 20.0 21.0
17.0 17.5 18.0 18.0
18,0 19.0 19.5 20,0
2.5 25.0 26.0 26,0
21.0 22,0 22,0 22,5
26.0 27,0 27.5 27.5
20,0 21.0 21.5 22,0
9.5 19.5 20.0 20,0
20,0 21.0 21,0 21.5
1.0 19.5 19,0 19.5
19.5 20.0 20.5 21.0
20.0 20,5 21.0 21.0
9.5 19.5 20.0 20.0
13.6 14.0 14.5 15.0
17.0 17.0 17.0 17.5
13.0 19.0 19.0 19.5

Janu-
ary

Febru-
ary

26,5
21.5
26,0
2l.5
18.56
20.0
20,5
23.0
23,0
22.5
20.5
2240
9.5
2l.5
21l.5
20,0
15.5
17.5
20.0

27.0
22.0
26,5
22.0
19.0
20.5
a7.0
2345



Age
No. ye-lon-Cla- Augu- Sep- Octe-
ar th ss st tem~ ober
ber

20,
21,
22,
23,
24,
25,
26,
27.
28.
29,
30,
31.
32,
33,
34,
36,

T W ES wm W e @ w W e wm e e w -

6-2 II 16.6 17.C 13.6
5=6 IT  15.0 15.0 16,0

5«1 II 17.5 18.0 18.5
5-0 I 12,0 12.0 12.6
S5=4 I 16.0 16.5 17.0
5=4 I 15,0 15.0 15.5
5-6 I 13.0 12,5 14.0
10-6 Vv 17.0 138.0 19.0
94 V 25.0 25.0 25,5
9«1 IV 21,0 22.0 22,0
9«2 IV 14.0 15,0 15.0
-4 III 24,0 25.0 25.0
5-6 II  17.0 17.5 13.0
9=3 III 16.0 17.5 20.0

6-2 II 15,0 15.0 15.0
6«6 II 13.5 14.0 14.0

Nove- Dee- Janu- Febr-
mber mber ary uary
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GROUP I HAEMOGLOBIN LEVEL

(g/100ml)
Age
No. ye-lon-Cla- Augu- Sep- Oct~ Nove- Dece- Janue~ Febru-
ar th ss st tem- ober mber mber ary ary
ber

o - - .- .- - i I T S SO U
1. 11-2 13.25 12.25 12,15 12,55 13,00 12.20 12.80
2. 10-1 925 9451 9.50 9.56 9.556 9.35 9.50
3. 9-0 12485 11.51 11.51 11,5 11.95 12,41 12.58
5. 9«1 10.50 10.80 11.50 11.75 11.95 11.95 11.00
6. 9-5 11.15 11.15 11.02 11,11 11.25 11.30 11.40
7 =2 IV 11.54 11.45 11,10 11,55 11.53 11.50 11.55
8, 8=2 IV 11,556 11.55 11,55 11.59 11.60 11.65 11.67
9. 8-4 IV  13.00 13.00 12.95 12.95 12.85 12.90 12.90
10. 3-2 IV 9.26 9.24 9.25 9,30 9.37 9.50 9.59

11, 8=4 IV  10.04 10.05 10.15 10,25 10,15 10.10 10.25

\'f
v
\'f
4, 9=1 V  11.99 12,59 12,60 12.85 12.00 12,00 12.00
v
\'f

iz, 10-3 *V 9.883 9456 9.50 9.55 9.60 9.50 9.65
i3. 8-2 iV 11.82 11.90 11,96 11,95 11.95 11.90 11.85
14. 7-2 III 12,23 12,25 12.20 12,25 12.25 12.22 12,25
15, 7=5 III 12,57 12.50 12.45 12,40 12.40 12.30 12,35
16, 7-56 III  11.27 11,21 11.00 11,25 11.35 11.30 11.40
17, 6-8 III 11.00 11,10 11.20 11.25 11.30 11,20 1l.z24
18. 6-2 II 11,00 11,00 11.00 11.10 11.15 11.00 11,10
19¢ 6-1 II 12,00 12,21 12.25 12.11 12.45 12.20 1z.20
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Age
No. ye-Mon-Cla- Augu- Sep- Oct- Nove- Dece- Janu- Febru-
ar ths ss st tem- ober mber mber ary ary

ber

---&-—---------‘- --------- - S e = - e

20. 6-1 II 11.00 11.00 11.05 11,05 11,10 11.15 11.20
2l, 6-2 II 10.23 10.32 10,50 10.25 10.28 10.25 10.30
€2, 6-11 II 11,31 11,356 11.40 11,39 11.45 11.40 11.40
23, 6-5 II 9.51 10.10 10.25 9.75 9.50 9.50 9.59
24, 5-3 uI 10.52 .10+50 10.50 10,52 10.55 10.55 10.62
25, 5=3 I 10.00 10.22 10.30 10,00 10.00 10,10 10.23
26, 5=z I 9.50 10.25 10.50 10.25 10,15 9,50 9.63
27. 9-1 V 13,00 12.85 12.90 12,85 12.95 13,00 13.01
28, 9-2 V 12,78 12.75 12470 12.75 12,76 12.75 12.80
9. 3=2 IV 12,50 12.50 12,60 12.60 12,76 12.80 12.75
30e 8-7 IV 12,78 12,30 12,80 12,75 12.60 12.30 12.85
3l. 8-9 IV 13.20 12.75 12.90 13.00 12,90 13.00 13.27
32, 6-3 II 10.5% 10.60 10.40 10.55 10.70 10.50 10.66
33, 5-4 I 10.21 10.30 10.45 10.55 10.00 10.25 1070
34, 8-0 IV 12.78 12,80 1l2.35 12.80 12,80 12.80 12,99
35, 6-1 II 12.50 12.75 12.80 12,79 12.89 1:2.30 1c.85

w S S W m T W m W W S W S o T M W o w e @ W e W @ W W W @ e =
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GROUP II HAEMOGLOBIN LEVEL

(g/100 ml)
Age )
No. ye-Mon-Cla- Augu- 3ep- Oct- Nove- Dece- Janu- Febru-
ar th ss st tem-~ ober mber mber ary ary
ber

.m-'---dn---n-----«-~-~‘¢~-~0oﬂcq

V 12,70 12,50 12.65 12,75 12,80 13,05 13.10

V. 13.10 13,00 12.90 13.50 13.6C 13,35 14,00

3¢ 99 V11,50 11.70 11,60 11.65 11.65 11,99 12.55
V12,95 13,00 13.10 13,20 13.32 13.39 13.50

V. 11,20 11,25 11.35 11,25 11,20 11,40 12.39

V. 10.90 10.90 10.90 10,75 10.90 11,10 11,25

7¢ 3=1 IV 11,70 11.75 11,80 11.60 11.90 12.12 12.25

8. 8=5 IV 11,50 11.75 11.65 11.80 12,00 12,10 1z.12

9. 8=1 IV 12,99 13.00 18.20 13.6C 13.65 13,70 13.70

10. 10-3 IV 12,75 12,75 12,70 12,70 12,756 12,80 12,39
1l. 8-1 IV 11,25 11,50 11.75 11,80 11.85 11.83 11.95
12, 3.8 III  10.90 10.9010,90 10,90 11,15 11,85 11.95
13. 8-2 III 10,90 11.00 11,25 11,30 11.40 11.39 12.10
14, 7-6 III  9.95 10.10 10.15 10,20 10.20 10.82 11.01
15, 7-6 III 10,56 10.50 10.00 10,00 10.55 10.59 10.64
16. 7-1 II  12.20 12,25 12,35 12,30 12.30 12,31 12.39
17, 6~0 II 10466 11,00 11.25 11,50 11,70 11,75 11.85
18, 6-1 II 12,56 12.55 12.50 12,90 13.30 13,60 13,71
19, 6=3 II 11.45 11.50 11.60 11,70 11,75 11,70 11.62



20,

2l.
22.
23.
24.
a5.
26,
27,
28.
29,
30,
31.
32,
33,
34.
35,

ye-Mon-Cla- Augu-

- e @ Wy P Emup W g B W =

Age
ar th ss
64 II
5-9 II
6-2 1II
5«3 I
5-1 I
5-4 I
5=1 I
9-11 V
9-5 \
8«6 Iv
6-11 1II
6«9 III
7-8 II1I
6=5 II
7-3 111
7-5 III

st

10.75

10.75

92,55
10.30
10.25
10.45
11.20
12.45
12.45
11.59
11,67
10.20
11.77
10.90
10.59
11,65

Sep-
tem-
ber

11.00

10.75

9,60
10.35
10,35
10.50
11.25
12,50
12.25
11,60
11.70
10.20
11.70
11.00
10.60
11.70

11.50
9 .60
10.50
10.40
10.50
11.30
12.80
12,80
11.76
11.75
10.20
12.00
11.00
10.75
11.75

11.56
10.10
10.30
10.50
10.60
11.40
12.55
12.40
11.80
11.80
10.25
11.90
11.75
10.30
11.76

Dece=
mber

11.50
10.20
10.99
10.50
10.65
11.50
12.60
12.45
11.75
11.80
10.36
12.00
12,00
11.00
11.75

Janu-~
ary

110

11,60
10.60
11.50
10.70
10.75
11.71
12,90
12.50
11.95
11.85
16.39
1z.15
12.55
12.02
11.30



Age

m

GROUP I1III HAEMOGLOBIN LEVEL
(g/100 ml)

No. ye=Mon-Cla- Augu- Sept-

1.
2.
3.
4.

6.

T

3e

9.
10.
11,
iz,
i3.
14.
15,
1o,
17,
18.
19,

ar th ss

10-1 V

9-2 'V
9-6 V
10-0 V
10-1 V
10-3 IV
8-9 IV
g-2 IV
g-2 IV
8-3 IV
9-11 IV
10-3 IV
8-0 III
III
III

7=3
7-1
8=4 III
7-¢ 111
6-2 1II

6.2 1II

st

12,70
12.10
1z.50
13.52
10.21
10.10
11.10
12.57
11.10
11.59

Qe
10,70
1l.72
11.99
10,55
1z.32
12.20
10.54
10.55

ember

12,40 12.50

12,51 12.95
13.30 13,50
13,60 13.39
‘1.92 12.556
12,00 12.95
12.67

12.99

12,47
12.39
11,50
13,10 13,75
10.50 10.75
11.70 11,90

11.87

2.70 12.39
12.65
11.75
13.51
12,78
12.50
11.50 11.95

11.60
13,25
12.75
12,00
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- ® e A @ G W a B B W W P W@ S W@ W@ W W G W W@ W G o V W e W an W -

Age
No. ye~-Mon-Cla- Augu- 3ept- Oct- Nove- Dec~- Janu- Febr-
ar th gs st ember ober mber enm- ary uary

ber

20, 6-1 II 12,50 12,50 12.44 12.45 12.60 12.78 13.99
2l. 6=3 II 11.25 11,30 11.47 11,50 11,77 11.80 11.95
22, 7-3 II 10,90 11,00 11.20 11,33 11,40 11.42 11.48
23, 6-5 Ii 9.50 9.65 9.70 9.75 10.10 10,99 11.99
24, 5-2 11.79 12.00 12,20 12,20 12,20 12.22 12.28
25, 57 9.47 9.50 9.75 9.76 9.38, 9.85 9.98

7. 10-2 13.00 13.00 13,13 13,20 13,323 13.41 13.59

I

I
26, 65-5 I 11.95 12,00 12.12 12.20. 12.40 12.30 12.99

\'f

V 12.5 12.60 12,75 12,90 13.00 13.54 13,99
2. 3-11 IV 12,62 12,656 12,80 12.85 12.30 13,00 13.10
30, 8-1 IV 11,20 11.25 11.32 11.35 1l1.70 11.90 12.90
3l. 7.7 III 11.09 11,10 11,25 11,50 11.30 11l.99 1z2.22
32. 3-3 III 11.21 11.29 11.39 11,50 11.99 12.25 12.50
33. 6-6 II 11,70 11,75 12,01 12,15 12.25 12.35 12,60
34, 7-0 Il 9+70 9.70 9.75 9.75 9.30 10.5 11.30

i



No. ye-don- Cla=-

10.
11.
lz.
13.
14.
15.
16,
17,
13,
19.

Age
ar th

10-1
10»11
8«3
8«3
2«3
B=2
T=7
8-2
7-0
7-1
6=4

6=4

S8

< < < < < g <« o

Iv
iv
v
Iv
III
IiI
I11
III
III
II
II

GROUP IV HAEMOGLOBIN LEVEL

Augu~
st

(g/100 ml)

Sept- Oct- WNov- Dec- Janu-
ember Ober am- ew- ary

ber ber

- E W u W W W R % W wp B M W s W wn W ap

11,50 11,75 12.10 12.40
11,70 12.00 12,25 12.438
1i.21 11.40 11.60 11.85
11.08 1l.21 11.40 11.50
11.80 12.00 12.20 12.50
11.37 11.92 12.0 12,05
11.10 1l1l.27 11.51 11.91

12.30

) 1279

13.59
13.70
12.956
i12.67
12.10
11.75
1iz.30
1z.25
12.57

113

Febru-
ary

13,72
13.03
13.95
13.30
12.5656
13.056
15,51
14.0L
15.39
12.95
13.35
13.96
13020
i2.95
12.75
11.99
12.99
12.50
13,07



Age
No. ye-Mon-Cla- Augu- Sept- Oct- Nove Dec- Janu- Febra-
ar th ss st aember ober em- emn- ary aty

ber ber

- W e W o SR D W gy W W P R W S B SR W A W W s W W @ G Wt W e @ en

20, 6-2 II 12.22 12.25 12,50 12,30 13,10 13,49 13,94
2l, 6-6 II 9.91 10.40 10.75 11,00 11.35 11.80 12,35
22, 6=1 II 12,30 12,35 12.50 12.50 12,80 13.20 13.91

23. 5-0 I 9.7 9.92 10.10 10,10 11.20 11,40 12.90
24, 5-4 I 10.23 10.32 11,02 11,20 11.40 11.75 14.99
25. 6-4 I 11.62 12,22 12.45 12,56 12,67 12.30 12,96
26, 5-6 I 11.31 112.12 12.63 12,30 13,20 13.40 13,90
27, 10-5 V 12,60 11.73 11l.39 12.65 12,70 12,80 13.456
28, 94 V 13.20 13.38 13.50 13.75 13,90 14,05 18.27

2, 9~-1 IV 12,10 12.35 12.85 13,00 13.25 13.45 14,0
30, 9-2 IV 11,50 12,10 12,50 12,61 12,70 12.89 13.20
31. 9-4 III 11.20 11.35 11.45 11l.99 12.50 13.00 13,35
32, 6«6 II 11.57 12.10 12.25 12,60 12,90 13.10 13,50
33, 9=-3 III 10.10 10.25 10.45 10,30 1,11 11.50 12.80
34, 6-2 II 10.21 10.89 11,01 11.22 11.80 12,01 12,55
35, 6=5 IT 10.94 11.0GC 11.35 11l.60 12.0 12.33 13.57

W WS ep B @B WP TR Ay ap Y W Gw YD B @) WY W Wy S W W A e R AR TR e W W e



