
NUTRITIONAL EVALUATION OF IMPROVED LOCAL DIETS RASED 
mi RAGI AND RICE ON PRESCHOOL CHILDREN

By
Kalpana, R#

A Thesis Submitted to the University ml Madras 
im Partial Fulfilment ml the Requirements 

for the Eagres of Master sf Science, 
April, 1977*

■HOE
,:au t

- Y.



& £ £ * & £  k £  1  £ £  2 1 1  S  I
The author wishes to express her deepTelt gratitude 

and sincere thanks to Dr*(Tat.) Rajaanal, P.Dorados, N.A. ,M*8o., 
Ph*D*f (Ohio State), Principal, Sri ATinaohilingaa Hone Science 
College for Henan, Coinbatere, for her guidance and valuable 
suggestions throughout the study* She expresses her thanks 
and gratitude to Mlss.N.Bhooua, M.Se., (Madras), Lecturer 
in Psods and Nutrition, Sri Arinashilingan Hone Science College 
Tor Venen, Tor her continuous help, suggestions and guidance 
during the study* Her thanks are due to Dr.S.H* Jagannathan,M*B*B.S., 
M.Sc*, (Applied Nutrition) Ter his assistance in clinical 
exanlnatlon ol the children* A special word el thanks to 
the children who participated in the Teedlng programme and 
their parents Ter their kind co-operation*



TABLE OP CONTENTS

CHAPT PAGE

LIST OP TABLES 

LIST OF FIGURES 

LIST OF APPENDICES

1 INTRODUCTION • • • 1

n REVIEW OF LITERATURE
A. Nutritional profile of preschoolers 

In India 5

B, Indigenous food combinations
as a strategy to oombat malnmtrl- 
tlon • • • 9

0. Methods of assessing the nutria* 
tional status of preschool 
children

i

• •• 1%

D. Feeding programmes as a measure 
to allsTlate malnutrition among 
preschool children •  S O SO

III EXPERIMENTAL PROCEDURE

A. Selection of the villages and 
setting up of the preschools • 0 • 24

9. Selection of the preschoolchildren • ♦ • 25

C. Planning and standardisation of 
the meal pattern for the two 
preschools • • • 25

B* Conducting the feeding programmes ♦ »c 33
E. Evaluation of the outcomes ef the 

feeding programme • • • 35



TABLE OF CONTENTS

CHAPTER PAGE

TV RESULTS AND DISCUSSION

A* Food consumption pattern of 
preschool children

the
• • • 39

B* Nutritional status the pre- 
school children V. .

i» Anthropometric measurements • •• 50
2. Biochemical estimation • • • 58
3* Clinical picture • • • 65

k. Attendance and incidence 
sickness

of
• •• 69

▼ SUMMARY AND CONCLUSION • •• 72

LITERATURE CITED • • • 77

APPENDICES • •• 97



LIST OF TABLES

TABLE PAGE

X FORMULATED COMPOSITION OF THE RICE AND 
RAGI BASED DIETS TO MEET TWO THIRDS OF 
THE DAILY RECOMMENDED ALLOWANCES FOR 
PRS SCHOOL CHILDREN 27

n MEAL PATTERN FOLIOVED XX THE TWO PRE 
SCHOOLS 29

XXX MEAL FOOD INTAKE OF CHILDREN IN THE 
THREE GROUPS 41

IT MEAN DAILY NUTRIENT INTAKE OF CHILDREN 
IN THE THREE GROUPS 44

T MEAN INCREASE IN HEIGHTS OF CHILDREN IN 
THE THREE GROUPS 51

VI MEAN INCREASE IE WEIGHTS OF CHILDREN IN 
THE THREE GROUPS 53

VII MEAN INCREASE IN ARM CIRCUMFERENCE OF 
CHILDREN IN THE THREE GROUPS 55

Till MEAN INCREASE IN CHEST CIRCUMFERENCE OP 
CHILDREN IN THE THREE CROUPS 56

XX MEAN WEIGHT-HEIGHT RATIO FOR THREE GROUPS 
OF PRE SCHOOL CHILDREN 58

X MEAN INCREASE IN HAEMOGLOBIN LEVELS OF 
CHILDREN IN THE THREE GROUPS 59

XI MEAN SERUM PROTEIN AND SERUM VITAMIN A 
LEVELS OF SELECTED HIE SCHOOL CHILDREN 60

XIX MEAN URINARY CREATININE EXCRETION FOR 
24 HOURS OF THE THREE GROUPS OF CHILDREN 62



LIST OF TABLES

i
TABLE PAGE

X1X1 MEAN CREATININE-HEIGHT INDEX OF THE
CHILDREN IN THE THREE GROUPS 6k

XXV CLINICAL PICTURE OF CHILDREN IN THE
THREE GROUPS 6 6

XV PERCENTAGE OF ATTENDANCE AND INCIDENCE OF
SICKNESS IN THE THREE GROUPS OF PRE 
SCHOOL CHILDREN 70



LIST OF FIGURES

FIGURE PAGE

i RAGI BASED KODEL MEAL FOR A DAT 20
RICE BASED MODEL MEAL FOR A DAT 3a,

2 CHILDREN ENJOYING THE MEAL 37

3 PERCENTAGE ADEQUACY OF SOME NUTRIENTS 43

4 INCREMENTS IN HEIGHTS AND WEIGHTS 
THREE GROUPS OF CHILDREN

OF THE
52

5 A MARASMIC CHILD BEFORE AND AFTER 
MONTHS OF THE STUDY

SIX
67

6 AN ANGULAR STOMATITIS CASE BEFORE 
AFTER SIX MONTHS OF THE STUDY

AND
68



LIST OF APPENDIXES

APPENDIX PAGE

A* MONTHLY HEIGHT INCREMENTS OF IDE PRE 
SCHOOL CHILDREN IN THE THREE GROUPS 98

B. MONTHLY WEIGHT INCREMENTS OF THE IRS 
SCHOOL CHILDREN IN THE THREE GROUPS 102

C. MONTHLY INCREMENTS IN ARM CIRCUMFERENCE 
OF THE PRE SCHOOL CHILDREN IN THE THREE 
GROUPS 106

B. MONTHLY INCREMENTS IN CHEST CIRCUMFERENCE 
OF THE PRE SCHOOL CHILDREN IN THE THREE 
GROUPS 110

X* HAEMOGLOBIN LEVELS OF THE PRE SCHOOL 
CHILDREN IN THE THREE GROUPS AT THE RAGI 
BEGINNING AND AT IDE END OF THE STUDY 114

r. URINARY CRRATININB LEVELS OF THE PRE 
SCHOOL CHILDREN IN THE THREE GROUPS AT 
THE BEGINNING AND AT THE END OF THE STUDY 118

a. CREATININE-HEIGHT INDEX OF THE PRE SCHOOL 
CHILDREN IN THE THREE GROUPS AT THE 
BEGINNING AND AT THE END OF THE STUDY 122



I INTRODUCTION

On* of the *oit formidable task* India faces is 
helping its Billions *f chronically underfed, specially 
children reach a healthy nutritional Ic t sI (Dorados, 1977)*

Out of 500 Billion children under the age of fire 
years, 400 Billions lire in tho developing countries and 
it Is in this section that 97 per cent of all deaths in 
that age group occurs (Morley, 1973)* Children below five 
years constitute in our country fifteen per cent of our 
population. Roughly 50 per cent of the preschool population 
suffers fron under nutrition and aalnntrltlon which arc pro- 
ealnent handicaps (Dopalan, 1973I Nutrition, 1973? Brown, 
1975? Luthra, 1975 and Devadas, 1977)* Nagarajan (1977) 
speaking about the nutrition profile of vulnerable segments 
of Indian population records with a disheartening note that 
the ohances of preschool child*s survival have not yet shown 
encouraging trends.

Malnutrition is a global health problem and is 
aainly due to ignorance, false beliefs, traditions, eustoas 
and faulty food habits (Pascual, 197*1 Mathur ot 1974) 
Ballsy, 1975) Gopalan, 1975? Raaallngaswaal, 1975 and 
Dorados,1976, 1977)• Malnutrition in tho first years of 
life "distorts the noraal symmetry of else and body*, loads
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"to a perversion of development”, "creates a disproportionate 
child" or is responsible for "lack of balanced growth" 
(Bengea, 197*)•

The immediate consequences of malnutrition at 
this ago are, high morbidity and mortality, while the long 
torn consequences are chronic under nutrition, retarded 
growth and mental development, stunted adult status, apathy, 
inertia, slow minds and low levels of production (Jelllffe, 
1968) Read, 1968) Mayer, 1970; Dune, 1971; Borg, 197); Me 
Namara, 1973; Paoricha, 1973; K^mal, 1973; Brown, 1975I PAG, 
1975I Rajalakshml, 1976) Stewart, 1976 and Devadas, 1977)*
The problems of malnutrition and under nutrition pose a 
serious throat to the growth and development of children and 
in turn that of the country. Hence preschool children are 
given high priority in all nutrition programmes (Nutrition, 
1973( Swasth Hind, 1974 and Cool, 1975)•

Several supplementary feeding programmes have been 
launched and are in operation under the auspices of the 
central and state governments and voluntary agencies 
throughout India (Devadas, 1976 and 1977). Any feeding 
programme to bo successful should have a bulltin integral 
health and nutrition education scheme* Most of the feeding 
programmes in operation in India are at present aided by
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agmelia froi other eaastriti and raypUii, food materials 
as donations, toss the agency osasos to supply the food 
materials, the foeding programme will lose Its iapotns.
It Is in this rein that tho prosont day nutrition exports 
speak about tho utilisation of low cost,locally available foods 
which have boon an olonont of self generation and self* 
reliance (dopalan 1973f Fasrleha et al 1973 and Devadas 
et al 197«).

Apart fron tho benefits outlined above, improve- 
nent on loeal dietaries has an advantage of being woven around 
the traditional food habits and cultural dietary patterns of 
the society and hence Inspite of feeding progrannos being 
withdrawn, has the possibility and feasibility of continuance 
by tho families thenselves if they are given proper nutri­
tion education. Costing such improved dietaries to suit 
tho common man's purse along with proper education in nutri­
tion and availability of foods would gain momentum in its 
follow up by the common population.

Bevadas and coworkers (1978) have developed many 
a low cost indigenous dietary combinations based on local 
diets of idi leh two have been selected for human feeding trial 
for their superior protein quality, calcium availability 
and carotene utilisation as Judged on experimental animals.
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The pr«i«Bl Investigation was an attempt to 
evaluate tin Impact of those two lew cost, locally available 
rural diets based on ragl and rlee on preschool children 
between the age of two and a half to three and a half years.
A balanced diet with ragl or rice as the basic food, pulses, 
green leafy vegetables! roots and tubers, other vegetables, 
nuts and oilseeds, fruits, jaggery and milk products were 
used In the feeding trial to meet two thirds of the dally 
Recommended Allowances for feeds. The nutritional benefits 
of these diets wore studied through changes In the anthropo­
metric measurements, biochemical parameters and clinical 
picture of the preschool children over a period of sin months.



XI RKVIEV or LITERATURE

The literature pertaining to this study on nutri­
tional evaluation of improved looal diets Rased on ragi and 
rise on preschool children is reviewed under the following 
headss

A* Nutritional profile of preschoolers in India
B. Indigenous food combinations as a strategy 

to ooabat malnutrition
C. Methods of assessing the nutritional status 

of preschool children <u*cL

O* Feeding programmes as a measure to alleviate 
malnutrition among proschool children.

A. Nutritional profile of preschoolers in Indiat

the world's population was edging towards four 
billion by the middle of 1975* and increasing by nearly two 
per cent a year, fills rate of increase moans that the earth 
population would double in the early years of next century 
(United Nations* 1977)* It has been estimated that at least 
W O  million people now suffered from a severe degree of 
protein energy malnutrition (UNICEF* 1975)* Out of 500 
million children under the age of five years* 400 million 
lire in the developing countries* and it is in this section 
that 97 per cent of all deaths in that age group occur 
(Morley* 1973)* Children below five years constitute in 
our country 15 per cent of the population (Oopalan* 1975



and Luthra, 1973)* Roughly 90 fir cent of the preschool 
population suffer; frou under-nutrition and Malnutrition 
which are pre-eminent handloapo (Korlofi 19731 ONXGlPi 1975i 
Luthra, 1975 and Frasannappa et al 1976).

■rory ohild has a future and It lo determined by 
what and how often do wo food him-whether ho will ho healthy 
or diseased, Intelligent of retarded, olower or dull 
(Mehta, 197*)« The Impact of undornonrlahment is not always 
Halted to death during the early years of human life* 
Experiments have shown that sorere malnutrition during the 
formative years results In emotional problems and difficulty 
In adapting to changes later on. Protein, crucial for 
children's mental development, is often lacking in the diets 
of pregnant women. The Infant, unable to got enough nutri­
tion In the fetus during critical stages of development, 
nay never recover (Devadas, 1970; Srlkantla and Sastvy, 197£| 
Brown, 1975| Swaalnathan, 1971 and Udani et al 1976). The 
effects of diseases and malnutrition are also frequently 
more serious during the formative years and prevent: children 
from attaining the full genetic potential for development 
(Cravloto et gl 1969; Bchar, 1975; Luthra, 1975 and Udani 
et £l 1976).

Malnutrition is an Important cause of Infant and 
child mortality, stunted physical growth, slow minds, low
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work oat put, premature agoing and roduood life span In th* 
doroloplng countries. (Read* 196*1 Jolllffot 196*f Mayor*
1970) Dune, 19711 Borg, 1979} McHanara* 1973| Brown* 1975I 
PA* 19751 Stowart* 1976 and Devadas* 1977). Malnutrition 
la invariately associated with Infections and Infootatlono•
While malnutrition lncroaooo tho oaoceptltelllty to lnfoetlon, 
lnfeetlon aggravates malnutrition (Scrimshaw ot gl 1968;
Datta Banlk ot gl 19711 MoCanco* 1971) Scrimshaw, 1972|
Doradao* 1972; Qopalan* 1973; Srlkantla* 1976 and Jolllffo* 
1976).

Good nutrition and nalnatrltion aro tho ond rosulto 
of many Interacting factors operating simultaneously and 
concurrently on tho Individual In tho physical* ecological 
and onltnral environment (Bovadas* 1972 and Sopalan* 1973)#
Tho nutrition and diet surveys carried out in tho different 
parts of our country under the auspleos of tho Indian Council 
of Medical Research haws shown that tho diets of poor people art 
composed predominantly of cereals and are deficient In 
protective foods* such as egg* neat* milk* vegetables and 
fruits (Pandit* 1964) Rao* 1968 and Dosal ot gl 1970).

The pattern of growth and physical status* though 
genetically determined Is strongly Influenced tey several 
socio-economic factors of whioh* diet Is Important. Children 
Belonging to different socio-economic groups and different
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lnceie ltrila hart b o n  shown to have significant differences 
in their growth pattern and nutritional status. Rao and 
Sathyanarayana, (1976), Devadas and Baawaran (1967) and 
fhlnaayanna £t al (197%) also opine that lneono appeared to 
hare a decisive influence on the food intake* B w  diets 
consumed hy the weaned infants and preschool children belong** 
lng to the low income groups of the population in India arc 
lacking in general, in protect!we foods. (Dorados et al 
19671 Ghanpakam and Balasubramaniam, 19681 Balasubramaniam, 
19691 Bagehl, 1970 and Oepalan and Yljayaraghavan, 197 i)*

The primary bottle neck in the dietaries of pre­
schoolers belonging to the poor socio-economic class as 
indicated In several studios (Rao, R*P. et al 1969| &ae,B*8.N 
et al 19691 Gopalan, 19691 MIN, 1972; Sundararaj, 1978; 
Brikantla, 1973 and Pasricha, 1973) point out the existence 
of a calorie gap or food gap* The intake of Iron, thiamine 
and niacin were adequate, while the amount of Vitamin A, 
riboflavin, ascorbic acid and calcium in the diets of the 
preschoolers were found to bo markedly deficient (Sundararaj, 
1978).

As Oopalan (1973) points out, the ultimate nutri­
tional upliftment of our communities can only be achieved 
through educating the village communities to effectively 
utilise locally available foods for better nutrition.
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B. M lgSne i m  food combinations a» a ■trattcr to coibat 
nalnuirltioni

In aoat of the developing oountrios, the diets 
consumed by a great Majority oontain negligible amounts of 
good quality proteins. Those proteins are costly to purchase 
and are beyond the reach of the poor (Devadas et al 197*)•
The strategy suggested by Sukhatue (1978) for alleviating 
protein Malnutrition is the production of semi conventional, 
inexpensive, locally available protein rich foods.

One of the most lnportant reasons for using locally 
available foods in any supplementary feeding prograMme, is 
that it introduces an element of self generation (Pasrlcha 
et al 1973). Rajalakshol, (1976) feels it is appropriate to 
emphasise that diets or supplements.based on ordinarily avail­
able foods can eradicate the deficiency symptoms resulting 
from Malnutrition and that wo need not plaee our dependence 
on processed high protein foods. According to Soman et al 
(1976), tee need for local foods to nest the nutritional 
requlreaonts of people is more than ever urgent in the present 
context of accent on self reliance, for self sufficiency 
alone can eouhat Malnutrition and pave the way to success, 
warns Qopalan (1973).

fymal (1973) fools teat the acute shortage and 
high east of conventional high protein rich foods such as
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■ilk, moat; eggs ate. bare necessitated tha development 
of nutrItlens processed food faraalatlona based on readily 
and laealljr aval labia cereals, fort If lad with high pro to in 
edible oilseed meals and also paisas*

Modern selenca and technology has made possible 
the production of various prooassad protein foods as a 
measure to moot tha protein deficiency* Soma of tha protein 
rich foods developed in India are tha multipurpose food, 
malt foods, vogatablo milk, cotton scad meal, vegetable 
protein mixtures, fish protein concentrates and leaf protein 
(Mathranl, 197* and Devadas et £l 1974), Research efforts in 
several countries have helped to develop high protein 
nlxtnres of locally available plant material that approach 
or equal the results obtained with milk proteins. The main 
protein sources for sueh combinations are cereals, legumes, 
oilseeds and meals and isolated plant proteins (Register 
et al 19^7)• Several workers in India have reported > 3 the 
development of supplementary foods based on tho locally 
available protein rich foods of vegetablo origin, suitable 
for supplementing the diets of vulnerable sections of the 
populations (Subramanyan et al i960 and Devadas and 
Radhabai, 1966),

Bains et al (i960) reported that CFT&I had developed 
palatable protein rich foods designed as nutro food comprising
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nutro biscuits, nntro macaroni, nutre breakfast and natre 
protein foods.

Parthasarathy et ol (19*2) found that supplementing 
a rise based diet with 5Of. of edible ground nat flour, 
fortified with Titanins and ninerals has a significantly 
higher nitrogen retention than rice diet.

i

Rao et al (1965) demonstrated that Multipurpose 
food containing groundnut flour and Bengalgram flour was 
one of the good sources of regetable protein for preschool 
Children.

the supplementary relations between the proteins 
of rlee and ragi and Bengal gram fed in the ratio of 7s 5 
hare been studied and a feeding trial was conducted on 
weaned infants by Daniel et gl (1967) with lew eest balanced 
feeds based on blends of ragi or maise, groundnut, bengal 
gram, soya and sesame flour, and fortified with limiting 
amine acids.

Badhakrlshnan £t gl (1967) studied thfti effect of 
the wheat based and rlee based diets on the growth of 
preschoolers. There was greater increase in height in group 
consuming rice-based diets.

Chandrasekhara et gl (1972) report that spray- 
dried preparations containing ground nut protein in combina­
tion with milk-solids and small amounts of easymatically
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treated wheat and barley hare been efficient In the feeding 
of young Infante. These contain 26 per cent protein.

Perlera et al (1968) found that an Infant food baaed 
on peanut, flour, containing only 25 per cent skimmed milk 
with solids, was as adequate as whole milk.

Swaalnathan et al (i960) studied a diet based on 
ragi,supplemented with protein foods based on groundnut, 
sesame, Bengal gram and soya flour or skim milk powder.
The sam study with maize showed that the growth promdtlng 
▼aloe ef the maize diet was noted only when the supplement 
provided ten per cent extra proteins. The effect of replace­
ment of 25 per cent of the cereals in poor Indian diets 
with a low cost mixture containing 19*3 per cent protein 
based on a blend of ragi 65 per cent, peanut flour 25 per 
cent and chick pea flour 10 per cent fortified with calclup, 
phosphate and vitamins, on the overall value of the diets 
resulted in significant increases in growth of children 
(Kurian et gl, 1970)

Narayanaswamy et gl (1972) observed a significantly 
higher nitrogen retention in children whose poor rice diet 
was supplemented with lew cost protein food (based on wheat 
and soy bean) er chick pea or skin milk powder. This provided 
an extra protein of 5g, to 10g. to their diet.

A supplement in the form of laddoo made from wheat 
flour (30g), green gram (20g), groundnuts (lg) and sugar or
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jaggtrjr (80s) was enough for a child par day to bridge the 
caloric gap of 300 ealorlaa la proschool chiIdran (Swaminathan 
at al 1973 aad Srikantla, 1973)*

Balahar-a high protein, low cast wall halaacad 
food doTalapod by tha Central Food Technological Research 
Inst It ate (CFTRT) , Mysore, Is a blaad of wheat flour, ground- 
aat flour, aad Bengal graa flour fortified with vitamins aad 
niaorals* The protala contaat of Balahar now uader prepara­
tion Is between 88-24 per cent aad gives 360 calories per 
100 g, (Kymal, 1973)*

Miltone is a vegetable toned silk* Instead of 
using imported skim milk powder for toning, protein Isolate 
from groundnut has been used* The groundnut cake, a by­
product of ell Industry can be made use of for its prepara­
tion aad it has high protein eoateat also* It gives 4 per 
cent pretela, 5 per cent carbohydrate and 130 I.B. vitamin A* 
The only drawback is its short shelf life like ether 
pasteurised milk (Chandrasekhara, 1973)*

Under CARB, Kerala Indigenous Pood project developed 
an indigenous food for Kerala which consisted of tapioca 
flour, peanut flour, Bengal gran flour| wheat flour and 
Multipurpose food (Chick Pea flour aad Bengal gram flour in 
the ratio of 3ll)« This can be used in the form of uppuma, 
payasam or porridge* Its calorific value for 100 g* is



%10 and the pnttla l5g» (Napier, 1973)* Chandrasekhar 
•t £l (1976) evaluated the KIP Products evolving local 
recipes for school children and found tee tc he highly 
acceptable*

Devadas et gl (197%) evaluated a weaning Mixture 
based an locally available cereals and pulses such as malse, 
roasted Bengal gram dhal, roasted groundnut and Jaggery.
A significant increase was seen in the heights and weights 
of children in the experimental group.

C. Methods of assessing the nutritional status of proschool 
childreni

In general, the objectives for which the nutritional 
status of populations and individuals need to bo assessed
as summarised by PAO/UNICBF/VHO (1976) ares

1. Diagnosis of the nature, extent and causes of
nntrltional problems;

2. Establishment of a baseline for a later 
evaluation of control measures, curative or
preventive!

3* The screening of populations for individual health earef
t. The recognition (identification) of changes 

in nutritional status as trends or novonents around trend|
5. The planning and monitoring of programmes and 

policies for food and nutrition; and
6. The establishment of an early warning system 

for a seriously deteriorating situation or a 
developing emergency.
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Nutritional status of an individual or community 
could bo aosoosod by various yard sticks, as dietary survey 
such as welghmont or roeall method, physical anthropometry, 
biophysical and blo-ehemieal tests and vital statistics 
(Jolllffo, 19^91 Davidson et al 1973 and Swaninathan, 197%)•

1* AnthroPonetry1

Anthroponetry, consisting, primarily of tho direct 
body noasurenents by scans of tho anthroponetors is a 
technique used to express the fern of body, quantitatively 
(Meyer, 1972 and Tan et al 197%)* Anthropometric data offer 
a method for evaluating the ultimate product of growth for 
any community. The need for such data has boon emphasised 
in the interest of tackling malnutrition. It has boon generally 
agreed that nutritional anthropometry may be a useful tool 
in the assessment of tho magnitude of malnutrition (Saetxy 
and T 1jayaraghavan, 19731 Gupta et gj. 1973 and dedwynn and 
Sanjur, 197%)*

(a) Height!

Konaghy et al (1968) believes that height is more 
significant, weight may vary from short term factors, but 
height ones gained is not lost. Thus, Vaterlow, (1963) says 
that stunting in height is perhaps an evidence of a long 
eontlnuod process, where as a weight deficit can of eeurse 
bo established in quite a short time.



(t) Welghtt

Weight, the total Measurement of tody ■»•»# lo 
key to nutritional anthropometry. It la eaey to measure and 
understand eqally hy doctors, nutrltlonlsXts and aethers and 
mothers and presents practical form of nutrition odueatlon 
(Jelllffe, 1968).

Wataon and Lowary (196?) suggest that, of a group 
of tody measurements, tody weight la the tost index of 
nutrition and growth.

(e) Hoad circumference and chdst circumferences

Hoad circumference la related mainly to the train 
else and growth and to a small extent to the thickness of 
scalp tissue and skull. The head circumference nay te used 
as a rough additional guide in age assessment (Jelllffe, 1966) 
Parekh e£ gl 1970 and Wakhlu, 1978)* At birth, the head 
circumference is larger than the chest circumference. In 
Indian children (toth toys and girls), the crossing ewer of 
cheat and head circumference takes place around two years 
whereas in American male infants this takes place by about 
nine months. This indicates the growth retardation in 
Indian children duo to poor nutritional status (Gopalan 
and Yljayaraghavan, 1971 )•

(d) Mid upper arm circumference 1
Between one and four years of ago arm circumference 

shows little Increase and is therefore relatively age
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Independent. Arm circumference related to height has been 
need as an Indicator In relief eperatlone In Nigeria and 
Bangladesh for a quick classification of malnourished children 
(Florentine ft plcar. 1975 and FAO/UNICBF/VUO, 1976).

Studies conducted at National Institute of Nutri­
tion (ICMR. 1976) Hyderabad. show that Both a m  circumferenoe 
and Body weights were significantly lower In children with 
signs of protein-energy nalnntrltlon as compared te apparently 
normal children* Though arm circumference Is significantly 
associated with all ether measurements (weight, height, chest 
circumference, head circumference, calf circumference, fat 
folds at triceps and calf), a considerable proportion of 
variation exists in measurements reflective of skeletftl 
development, muscle and fat components of the Body* Arm 
circumference alone nay not provide reliable Information 
regarding protein energy malnutrition. But together with 
other measurements like height and weight will Be of use for 
the assessment of nutritional status.

2. Biochemical methods1

The most objective means for assessing the nutri­
tional status and to evolve sene normal patterns of deficiency, 
will Be Based on Biochemical analysis of materials such as 
Blood and urine that can Be sampled easily (Rao et al 1969 

and Whitehead. 1969). The methods found useful as for
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ilagnofli of protein deficiency Incladet eetlnatlen of plasma 
protein concentration, free aminoacids in oorun, albumin and 
creatinine excretion or urea/creatinine ratio in the urine 
(McLaren et al 19651 donee and Schendal, 1966 and ftwamlnathan, 
1969).

A situation of Insufficient protein intake results 
in a decrease in the protein nass of the body. Therefore, 
the detection of this decrease would he a direct Indication 
of protein depletion. The excretion of urinary creatinine 
per unit of tine is recognised as an indirect indicator of 
muscle nass, (Arroyato and Vllson, 1961). Creatinine height 
index has been proposed as a simple quantitative expression 
of the extent of depletion (Viteri et 1966). The index 
is the ratio of the amount of creatinine excreted per unit 
of time by the children under study to that execrated by the 
normal children ef the same height regardless of age. A ratio 
of one would course indicate a fully doveloped muscle 
mass for the subjects being assessed. Ratios lower than 0.9 
are Interpreted as indicative ef proportionally depleted 
protein mass (Arroyave, 1969).

Anearn!a is a common problem In pediatric practice.
It has been observed that the regeneration ef haemoglobin 
does not keep pace with the disappearance ef oedema on high 
protein diet nor with the restoration of plaama protein.
(Rao and Sandosl, 1970).
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3* Clinical examination

Qopalan and Rao, (1961) states that signs of frank 
deficiency are so widespread that elinieal assessment of 
malnutrition gains particular importance in India* Krehl 
and Hodges, (1965) consider the clinical method as the most 
commonly used method of assessing the nntritlonal status*

The elinieal examination adopted in nutritional 
studios, is a careful physical examination including nodical his­
tory, with special attention given to various symptoms and 
signs that are more or less associated with nutritional 
deficiencies (Swaminathan, 1969 and HeIson, 1963)* The 
superficial epithelial tissues, especially the skin, eyes, 
hair and huooalmueosa or organs near the surface of the body, 
such as parotids and the thyroids are examined* This method 
has been found to he relatively inexpensive, rapid and not 
requiring elaborate field equipment or a costly laboratory 
(Jolllffe, i969)* The common nutritional deficiency signs 
that are looked for are pale conjunctiva, Bitot's spot, 
angular stomatitis, retarded growth and skin changes, blooding' 
spongy gums, pigeon chest, bowlegs, knock knees, changes in 
the tongue etc. (Mathnr et gl 197%),

The limitations, however are that trinod physicians 
are needed to examine the groups and that the same group must 
bo examined periodically to detect Improvement or worsening*
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%• Dietary surveys!

Dietary surreys are carried out to obtain information 
on diotary intake to determine in large measure, the nutritional 
lorel and health of its people, and to identify groups and 
lndiriduals suffering from malnutrition and rectify the 
offoets of ill balanced diets (Martin, 1963* Sjelln, 19*9 
and Darldson at al^1973).

D. Importance of preschool feedins programmes!

As outlined by Deradas, (1975)* preschool feeding 
programmes should aim at oomprohenslronoss, use of local 
foods, looal participation, good organisation and integration 
vith other health services, They hare a twin role to play, 
namely, 1. the improvement of the nutritional status of the 
children and S. nutrition edmatlon with the feeding programme 
serring as a culturally acceptable and practicable teaching 
aid to motIrato and conrince the community, towards desirable 
changes in feed behaviour and habits.

In all dereloplng countries, nutrition of the pre­
school and school children has been engaging considerable 
attention. The preralence of malnutrition in this ago group 
has boon estimated to be as high as 50 per cent and special 
nutrition programmes and midday meal school feeding programmes 
hare boon undertaken in different countries for the past 
several years (Sukhatme, 1967 and Kotharl, 1973).
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On* ef the important aspects ef supplementary 
feeding programmes la the nature of the food supplement, which 
needs to he given.

The food supplements advocated in these pregrammes 
hare Tailed on the basis available raw materials and cen-A
venlence ef using then. Several blends based en cereals and 
ell seed flour have been used by Governmental agencies under 
aided programmes (Sv&minathan et al 1978).

Fuller et £l (1978) and Bhattaeharya et gl (1978) 
point out that the criterion for the selection ef supplementary 
foods is that they are locally available, relatively inexpen­
sive and commonly used by the population. To be fully 
effective, the supplement has te be so formulated that It will 
bridge the gap between Recommended Allowances of all nutrients 
for optimal health and the level ef nutrients supplied by the 
existing habitual diets (Srlkantla, 1979)*

Some of the feeding programmes in aetlon in the 
country arei

a. Special nutrition Programme (SEP)

18 is a direct attempt at reducing and checking the 
111-effects of malnutrition. It provides supplementary nutri­
tion to children below six years as well as to pregnant and 
Instating mothers. Two specific groups of population-the urban 
slum dwellers and tribal population-are benefitted by the



programme. The supplement received by children of 1-3 years 
gives 300 ealorles and i0-i5g protein* Apart from supple­
mentary feeding, periodic health check-up and immunisation 
are also carried out* Inprovenont in the appearance of the 
children and their body weight Is assessed and bleed tests 
are carried out (nutrition, 1973)*

b. Integrated Child Development Services (ICDd)

As a pilot project, the Central Government has 
started this in I) blocks (17 rural, 10 tribal and %, In urban 
areas). Vhe aim of the scheme Is to provide a package of 
services which are essential to ensure the healthy develop­
ment of preschool children* The services consist efs supple­
mentary nutrition, immunisation, health check up, referral 
services, nutrition and health education and non formal pre­
school education (dedal Welfare newsletter, 1975)*

c* Applied nutrition Programme(AMP)

This was started by the Department of Rural Develop­
ment basically educational In character, alms at stimulating 
selfhelp activities for the eptimdm use of feed resources 
available In the rural areas* It Is designed to make the 
community more censcleus of nutrition to Impart nutrition 
education to children and mothers and to bring about a change 
In the food and dietary habits through local production, 
demonstration cooking and feeding (Barooah, 1976).
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Balwadl feeding ProarjiMt

The Department of Social Welfare operates more 
than 1,700 balwadles for preschool children in the 5-51^ years 
age group. They provide a daily cooked midday lunch for the 
children in these balwadles. Food is provided either hy 
the CARS organisation (&.8.N. and ell) or is locally purchased 
and the meal is cooked at the feeding centre (Kothari, 1973)*

A Comparison of the two kinds of Seeding programmes, 
namely, "On the spot feeding" and "Take heme system" was 
attempted hy Devades, (1973)* It was found that the "take 
home food" approach could be economical, and feasible than 
"on the spot feeding". Similar observations has been 
reported by Orewal et gl (197*) and Gopaldas, (1976), In 
their studies on the adhoc project Poshak sponsored by CARE 
as a pilot scheme to improve the nutritional status of women 
and children.



Ill EXPERIMENTAL PROCEDURE

The specific ala if this lmrtitl|atl» was to 
evaluate nutritionally the impact of two improved rural diets, 
based on ragi and rioo on preschool children. The procedure 
involved in the conduct of this investigation consieted of 
the following otepo.

A. Selection of the Tillages, and setting-up of 
the preschool

1« Selection of the preschool children
G. Planning and standardisation of the meal pattern 

for the two preschools
D. Conducting the feeding programme and
E. Evaluation of the outcomes of the feeding 

programme.

A. Selection of the Tillages and sotting up of the preschool!

Two Tillages, namely, Govanoor and Gudalur Koundam- 
palayam of the Ferlanaleken Palayam block were selected as 
the Tenue for setting-up the two preschool feeding centres.
Those centres wore selected because of the co-operation 
evidenced by the local leaders, panehayat officials because 
these two areas wore not cowered by any other feeding 
programme.

The preschools in Govanoor and Gudalur Koundau Palayam 
wore set-up in local buildings prowlded by local loaders 
and wore to serve as feeding centers for rice based and ragi
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based diets respectively. The necessary equipment Ilka 
ranalli staring equipment, toys and adncatlonal materials 
vara procured by aid Iron tba Avinashilingam Trust Institu­
tions.

B* Salaction of tba praschool children!

Twenty Tire ehildran aach iron low soele-eeenemic 
group In tba two Tlllagas batwaan tba aga ranga of two and 
a half to ttaraa and a half yaars wara salacted to serve as 
tba experimental group In the Investigation. Apart Iron tho 
economic status of tba parents, willingness and co-operation 
of tba parents to participate in the programme over a long 
period was also the criteria In tba selection. A third group 
of twenty lira children from an adjoining locality and 
belonging to tba same socio-economic back ground but not 
participating in any feeding programme was salactad as control 
group.

C. Planning and standardisation of tba meal pattern for 
ino two preschools!

Based on tbalr inrastlgallons with local rural 
diets of Coimbatore district Dorados and Coworkers (1973) 
bad enhanced the nutritive value of ragl based and rice 
based diets with low-cost, locally available foods like sweet 
potato (root vegetable), horse gram (pulse), sesame and ground 
nut flour (oil seeds) and amaranthss (groan leafy vegetable)
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Their results la evaluating biologically the protein quality 
of tbe above combinations oa albino rats indie a tad the 
potentiality of a rleo based Mixture which had horse gras, 
sesame and groundnut flour and a ragl booed nixture which 
had groundnut flour and cotton oood flour as their conponents 
apart frou legumes, root vegetables and green leafy vegetables 
in pronoting growth, nitrogen, caloiun and vitaain A reten­
tion. Subsequently based on their earlier recommendations 
Bevadas and co-workers (1976) as a prelude to a longitudinal 
human feeding trial to test the efficacy of the two ragl 
based and rice based Mixtures had translated these mixtures 
into suitable recipes and aeal patterns. Xn this investiga­
tion an effort has been made to study the nutritional impact 
of the above mentioned rice based and ragi based mixtures 
on a group of preschool children ever a period of six months.

Xn formulating the meals to be served in the pre­
schools, the percentage composition of the ragl based and 
rice based mixtures(Bevadas and Cewerkers 1973) and the 
XOffi recommended allowances for feed for preschool children 
were taken into consideration. The aim was te provide 2/3 
of the requirements of preschool children through the pre­
school feeding. Quantities thus formulated using the above 
criteria for the ragi based and nice based diets ode given 
in Table 1.
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Taking into consideration the local dietary habits 
and neal patterns gathered iron the bench nark socio-economic 
eon dietary surrey* the raw foods as outlined in Table I 
were translated into practicable reclpee and distributed into 
the three ueale of the day as glren in Table IX* A nodel 
■enu for e day in both ragi based and rice based diets is 
also presented in Pig* i*
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Then m u m  were standardised for their adequacy 
and acceptability (Dorados and cowerkers, 1973) on a snail 
sanplc under similar Scelc-eccnonic cun cultural conditions. 
Using the standard measures, the feeds for each neal were 
delled cut according te the nenu pattern as eutlined in 
Table II, in bath the feeding centres. These Measures ensured 
the adequacy ef feeding each day the quantities prescribed 
for pre school children for both the diets te neet 8/3 ef 
their dally feed roqulrenents.

D. Conducting the feeding programme!

The raw ingredients for the feeding were bought 
in bulk erery nonth and delled out as per the standardised 
quantities glren in Table I erery prerious erening. The neal 
pattern as outlined in Table XX were followed and the three 
neals ef the day were prepared and since the bulk had to be 
distributed for preschool children, snacks like sesame balls 
were glren at intermittent feedings around ll.a.n. and / or 
before leering the feeding centre. This ensured totality in 
consumption for this age group ef children. Xn both the 
feeding centres the abere pattern was adhered te and care was 
taken te see that children consumed the neals serred without 
wastage. Neal time thus was an enjoyable period for the 
children, as is erident from Pig.8. Regular records ef atten­
dance at feeding was maintained and reasons for absenteeism



. CHILDREN ENJOYING THE MEALFIG. 2
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if any recorded* Since the children were in the proacheel 
frow the morning till evening, a routine education programme 
for preschooler* ha* been initiated alter preliminary adjuat* 
■enta hy the children* Accordingly readineea actlvltlea haa 
been atarted after four nontha* nutritional thenea haa been 
introduced into the aonga and ateriea taught to theae children

otaa part,,their pre-acheel educational activity from the 
beginning* Facilities for Indoor and outdoor play and all 
poaslble help and attention to capture the into re at of the 
preachool children and their parenta and to anatain their 
lntereat in participating in the feeding programme haa boon 
provided* Such educational cum nutritional beneflta haa 
lmproasod the parenta of the preachool children and the 
actlvltlea of the preachool haa attoracted the children reault- 
lng in the succeee of the conduct of the feeding programme*

*• Evaluation of the outcome* of the feeding programme*

The criteria of evaluation to Judge the nutritional 
impacta of the feeding programme for the preachool children 
included!

1* Anthropometric measurementa 
2* Biochemical estimations 
3* Clinical picture and 
%• Pood intake
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1« Attthwpoif^ic ■MitttrtBrotn

Body measurement la more m U t f e l *  than sub-clinical 
aaaaasaant because physical growth, though genetically 
determined, la atrongly influenced hy food intake* (Toppa 
at al 1970 and Linaraa at 1972) In thla investigation body 
aaaauraaanta of ehlldron to lneludo height, weight, i n  
elreunforonco and ohoat circumference wore takan uaing tho 
proooduraa outllnad by Jelllffe (1966) and taking earo of all 
tho uaual procautlena.

Holghta and weights of all tho ehlldron of both tho 
control and tho experimental groupa wero rooordod every month* 
Holghta woro rooordod to tho aoaraat 0.1 cm, and wolght 
rooordod to tho naaraat 0*5 K.g. Tho balance waa choekod 
and standardised uaing atandard wolghta, before taking tho 
wolghta ovary month.

Tho ohoat olrcunforanco waa taken nalng a non- 
alaatle fibre glaao tape In tho bare body to tho nearest

Cm/ 0.1Aand tho nld arm elcumforaneo of the loft hand to tho
nearest 0. 1 on. Uaing tho above noaauronanta of heights and 
weights as related to tho ago of tho preachool children, weight* 
height ratio has been oalenlated.

2. Bloohemical estimations!

Biochemical indices like haemoglobin level, urinary 
creatinine, serum protieno and serum vitamin A levela are 
sensitive indicators reflecting tho quality of food protein.
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Ba«io|l«kia level of all the children was determined 
once In throe months using the cyanmethaemoglobin method 
(ICNND, 1967)*

In order to ostinato the urinary creatinine lorels, 
samples of urine from all the preschool children were collected 
every three months, using the piece*dure outlined in KIN 
manual (l97l)»

For the purpose of estimating total protein, serum 
albumin globulin values and serum vitamin A levels, a total 
of five ml of blood was required and hence five-most co­
operative preschool children from eaeh group wore selected* 
Using the standardised proceeduro of Varley (1969) total 
serum proteins, albumin and globulin were estimated by the 
Biuret method*

Serum Vitamin A (retinol) values were determined 
spectrephotometrically using the procedure as outlined by 
M M  (i97i)*

3* Clinical examinations!

Cllnioal examination was conducted with guidance 
from a trained physician for all the children using the 1CMR 
schedule and prevalence of nutritional deficiency symptoms 
noted, during the beginning and towards the end of the 
investigation period* A record of attendance kept in the 
preschool and close fellow up Of the onuses of absenteeism
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helped ̂ evaluate the incidence #f sickness among the preschool 
children in this study.

%« Pood and nutrient intakei

Records of food and nutrient intake as obtained 
from one, day recall Method was Maintained and this helped 
to estinate the total food and nutrient intake per day for 
the preschool children.

V



XT RESULTS AMS DISCUSSION

Tho prosent lnrestlgation was planned to evaluate 
the nutritional inpact of two inprowed rwral dioto Rased on 
ragi and rise on preschool children* Accordingly two pro* 
school fooding oentros with 15 preschool children each of 
tho age gronp SVS to 3Y2 years for ragi based and rice based 
diets were set ap. The impact of those diets on tho nutri­
tional status of tho preschool children as against a control 
gronp of 25 proschool children not participating in any 
fooding programs was evaluated orer a period of six nenths*
The resalte obtained is discussed under tho following headings!

A* Food consumption pattern of tho preschool children
B, Nutritional status of the proschool children 

1* Anthropometric measurements 
2* Biochemical estimations 
3* Clinical picture
R* Attendance and incidence of sickness 

A* flood consumption pattern of the preschool children!

Food consumption pattern of all tho children Roth 
in tho experimental and control group were computed from the 
information gathered using the recall method of diet surrey.
The children in the experimental group had all their meals 
except dinner in the proschool* whereas children in tho control
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group had all. their aetli at hone* The are rage food Intaka 
m t tha thraa group* compared with that m t the Indian Connell 
m t Medical Reaearchv Recoamended Allowances (SCMR# 1976) le 
glren In Table III*
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The intake ef cereals and pukses in the diets of 
children both in the ragl and rice groups were above the 
reeommnnded allowances which was mainly due to the supplements 
given. In the control group hath these fell six and sixty 
per cent below the recommended allowance* Consumption ef 
roots and tubers was found to be above the recommended allowance 
in all the groups and reflects tbs pattern of consumption of 
these foods in a low socio-economic group* Consumption of 
green leafy vegethbles was negligible in the control group 
and the contribution of home diet was also negligible as gar 
as green leafy vegetables was concerned for tho experimental 
group. However, the Intake of groon loafy vegotables in the 
experimental group provided as planned two thirds of tho 
recommondod allowances. Intake ef milk and milk products 
(78 to 80 per cent in experimental and sugar and 50 per cent 
in control group). Fats and oils and sugar and Jaggery (65 to 66 
per cent in all groups) and fruits (82 per cent in all groups), 
fell slu>rt of the Recommended Allowances. This was expected 
beoaude the experimental diets were planned along tho meal 
pattern of the community and tho supplements selected to 
enhance the nutritive value wore mainly low-cost, locally 
available foods like pulses, green leafy vegetables and nuts 
and oilseeds. Accordingly the consumption of nuts and oilseeds 
were 47-56 g in the experimental groups as against no consump-
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tlon in the control group. This pattern of food consumption 
depicts clearly the seal pattern followed in the rural low 
stole econonlc group dietaries and Is clearly soon in the 
intake pattern of control, group* Bnhancenent of the intake 
of low cost, nutritious foods through supplewentatlon has 
enhanced the diets of children in the experimental groups*

Flood intakes reflect the consequent nutrient intakes. 
The calculated arerage intake of nutrients as compared to 
the Recommended Allowances of nutrients |XCMR, 1974) for the 
preschool children is given in Table XV* The percentage 
adequacy of some of the nutrients in comparison to the 
Recommended Allowances is also plctorlally represented in 
Fig. 3.
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PIG.3. PERCENTAGE ADEQUACY OP SOME NUTRIENTS

SCALES

1 cm. = 50 PER CENT OP RDA

KEYS
RAGI BASED DIET GROUP

RICE BASED DIET GROUP

'.V. CONTROL GROUP
« » i
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Protiln intake!

(he total protain Intake of children In hath the 
experimental groups were 55s« end 57s respectively for ragl 
and rice based diets and l}| for the control group as against 
reco nun ended allowance of 19 g. Of this h8g. ef protein were 
provided by the supplement In the experimental groups. These 
Intake's were much above the recommended allowance and since 
even In the control group because of the higher Intake ef 
■Ilk end mllk products protein Intake seems to be adequate.
The Introduction.ef higher amounts ef pulees In the supplementary 
diets accounts for the higher amount ef protein In these diets. 
Speaking in terns of the qualities of these proteins It may be 
recalled that several Investigations In the literature has time 
and again pointed out the complementary value of pulse-protein 
to cereal-protein and eereat-protain and the higher biological 
value of the combined protein (Daniel et i*l 1977). The main 
purpose ef this Investigation being too evaluate the biological 
potency of lev cost, locally available foods. Inclusion of 
proteins of pulses like horsagran to the cereals like ragl and 
rice Is Justifiable. In the formulation of these diets,
Devadas, et al (1972) had computed the amlno^eld pattern and 
found that these two supplementary diets had chemical scores 
ef 21 and 71 respectively for ragl based and rice based diets,
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•Mitring a better •■•entlal amino acid patterns In than* 
dl«ti» In view at this Intake of larger quantities o t  pulses 
and eoBMqBtat protein is perceivable.

Calorie intake!

the calorie intake ct children were l6l§ (ragl 
based diet), 1656 (rlee based diet) and 886 (central) respec­
tively tor the children in the three groups an against the 
reeennended allowances ot 1800 ter this age group et children*
Zt may be noted that in the experimental groups calorie 
adequacy was ensured with the supplement itsolt whereas a 
calorie gap ot 37* was observed in the control group which 
was not given any supplement* this result is in agreement 
with the studies reported in the literature (Rao, R,F, et al 
19691 &ao, B.S.K. et al 19691 fiepalan 19691 NIN, 1972j SundararaJ, 
1978) Srlkantla, 1973 and Pasrleha, 1973)* wherein a calorie 
gap ot 300-tOO tor preschool children has been observed*

Calcium intake!

The supplement in the ragi-group provided i.tg ot 
ealelum and that ot rieo diet 0,9g ot calcium. Vhereas the 
home diet contributed 0.1 g tor both the groups, thus naklng 
the total Intake 1.5 and l.Og respectively tor the ragi based 
and rice based diets. In the control group the intake was 
only 0.3g end hence was below the recommended allowance ot



48

tto* ICMR (1976). In the aptrlmntBl groups, h o v m r ,  
bteau«« of the supplementation, adequacy of calcium intake 
was assured.

Iron intake1

Inelution of green leafy vegetables In the experimental 
groups contributed a great deal to the Iren intake ef these 
children. Vhile the Intake ef iron in the control group 
was only iO ng.t the total intake of iron in tho r&gi based 
and rice based diet groups vers 32 and 31 ng respectively* cut 
ef which 29 and 27 ng were supplied by the supplement them­
selves. Itr. may however bp. pointed out that tho iron content 
of these diets which are mainly cereal based has the problem 
ef availability and percentage utilisation.

Vitamin A intakes

Vhile the intake ef Vitamin A in the control group*
(485 J»g) is only half the recommended allowance (1000 jhg)* 
the total intake ef Vitamin A in the ragi based and rlee 
based diets were 2430 and 2782 j h g respectively. The adequacy 
of the intakes ef Vitamin A in these two groups was mainly 
due to the Inclusion ef green leafy vegetables in supplemented 
diets.

Thiamine and Riboflavin iw^qkei

The intake ef both thiamine and riboflavin fell 
short of the requirement by 34-43 per cent in the control group.



On the ether hand, in the experimental groups the supplements, 
themeelres ensured adequacy ef these nutrients thus making 
the total intake of thiamine and dboflavln as 1*89 mg and 
0*94 mg respectively for ragl based diet and 1*66 mg and 
0.72 mg respectively for the rlee based diet* ^

Ascorbic Acid intakei

the ascorbic acid Intake ef the children on the 
ragl based and rice based diets were 67 and 76 mg respectively, 
out ef vhleh enly 2 and h  mg were contributed from the hone 
diet. The intake ef ascorbic acid for the control group 
of children vas l6mg as against the requirement figure ef 
30-50 mg.

From the foregoing discussion it is evident that 
both rice based and ragl based improved diets provided all 
nutrients as compared to the recommended allowances oijxCMR 
(1976) and was superior to the local hone diet which fell 
short ef all nutrients as is evident from the control group's 
diet. This enables us to speculate that from the nutritional 
and acceptability stand points the Improved diets has good 
scope ef substituting existing meal pattern without any 
detriment te the local customary dietary pattern and wltheut 
any extra burden en the local population.

When viewed from the economic point (Table - XXX)
It is evident that the cost ef the improved ragl based rlee



50

b and diet is 0*77 and 0*80 paisa respectively and when one 
considers the eost of foods taken hy children at bone apart 
fron the supplementt the total cost works ont to he 0 » M  
palse and 0*98 palse respectively for children on the ragl 
based and rice based diets* On an average children in the 
control group spend 0*90 palse per day on their food. This 
inpllos that without each addition on the cost,adequacy of 
nutrient intake especially for calories and proteins could 
well he obtained using judicious combinations of low cost 
locally available foods to enhance the local diets*

B« Nutritional status of the preschool children!

1* flnthrononetrie measurements*
a* Increments in heights!

An increase in heights of children in both the 
experimental groups (ragl based and rice based diets) and 
control group was noted over the period of sin months of the 
study and the individual monthly inereaents for each child 
is given in Appendix A*

The moan initial and final heights of the three 
groups along with the statistical analysis arc given in 
Table Y, Increments in height for the three groups is also 
evident from Fig* %*
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TABLE V
KEAN INCREASE IN HEIGHTS OF CHILDREN IN THE 

THREE GROUPS

S.No Groups Helcht in 
Initial Final

cm.
Increase

't' Values

1. RAGI-BASED 
DIET GROUP

86.B6+*
3.69“

90.25*
3.79

3.89* 
1.17

Ragl Vs Rice 
. 4.27**

2. RICE-BASED 
DIET GROUP 89.*i*6,80 6.5*

2. 62*
0.71“

Ragl Vs Control 
■ 6.04*e

3* CONTROL
GROUP

•7.25*
5v<*

89.51**.20
2.26+
0,*2“

Rice Vs control « 2.000

♦ Significant at fire par cant level 
a* Significant at ana par cant laral 
O Standard deviation.

Children in the ragl Based diet group raglstared 
the highest increase in height (3*89 on), while children in 
the rice-Based diet had Incresents ef 2.62 cm and those in 
the control group 2,96 cm. Statistical analysis indicated 
that the increases in heights for children in the ragi group 
was significantly (P /_0»0l) higher than that of the children 
in the rice group and that of the control group. Children 
en the rice group had increments in heights significantly 
higher than that of control group at fire per cent level*
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These results suggest that provision of nutritional supple­
ments at this crucial presehool age aids better growth and 
the results obtained in this investigation Is on par with 
the studies reported by Kanalanathan et al (1970* 1975)» 
Devadas et (1974, 1974) who had studied the effect of 
supplementation as against a non supplemented group.

b« I n c r e m e n t s  i n  w e ig h t s i

The neanA initial and final weights ef the three 
groups ef children along with the statlstleal analysis is 
given in table VI and the monthly increments for individual 
child is given in Appendix l« Fig 4. depicts the increments 
in weights exhibited by the three groups ef children*

TABLE YI
MEAN INCREASE IN  WEIGHTS OF CHILDREN IN  THE THREE GROUPS

«K Va rID A1TDC Volsht In ks •t* Values0»JI9 Irnuu rs>
Initial F i n a l Increase

i. RAGI
DIET

BASED
GROUP

10* 58+ 
0* 6b"

12.58* 
0,28"

1.98*
0.54"

R a g i  vs Rice
3* 0.80

2. RICEDIET BASEDGROUP 10,94*1.98
12.80*1.82 1.88*

0.17" R a g i  vs Control 
o 4.93**

3* CONTROL
GROUP 10.78*

0.5i"
12.10*
0.44"

1.34*
0.37

Race, vs Contrel 
■ 8.33**

** Significant at 1 per cent level
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The M a n  Increments in weight for children fed ragl 
based and rice based diets were 1.98 kg. and 1.86 kg. respectively 
as against 1.34kg. for children In the control group, fho 
Increments in weight between the two experimental groups 
were net significant whereas those between two experimental 
groups and control were significant at one per cent level.
Weight Increments In the control group Is comparable to these 
of the values reported bp Kaaalanathan et al (1970, 1975)
Devadas et al (1974) and reflects the growth trends of this 
age group. On the ether hand, supplementation has lnereased 
the growth and consequently the gain in weight and the values 
in this study is again In close agreement with these reported 
In the literature.

Although, there was a slight difference in the 
height promoting quality of the ragl based diet which may 
be due to higher Intakes of calcium by children in this age 
group. (Table XT) or nay be due to the higher chemical score 
of this diet, but there was no significant difference in the 
weight promoting quality of the two experimental diets.
It may be noted that the Intake of calories and protsing were 
the same In both the groups and this might have resulted In 

^equal weight gains. When these groups are compared with 
control which had a calorie gap, the nutritional outcome 
Is evident*
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C. A n  and cheat circumference!

The aean increase in the arm circumference of the 
three groups Of children and the statistical analysis for 
Increments is given in Table YII and the Individual values 
for each month is given in Appendix 6k

TABLE VII
MEAN INCREASE IN ARM CIRCUMFERENCE OF CHILDREN IN 

THE THREE GROUPS

Arm Circumference in Cm. *t* Values
S.No. GROUPS Initial Final Increase

m

1. RAGI-BASED 
DIET GROUP 13*69!0.86

14.00+
0.97

0.3ii0.18
Ragi vs Rlee 
■ 0.30

S. RICE-BASED 13.77t 0.81
14.08+1.21** 0.25!

©•89
Ragi vs 
Controls*.78**

3. CONTROL
GROUP 13.71!0.78

13*02+
O.Oi”

0.11+
0.07

Rico vs Control 
• 0.765

** Significant at one per cent level.

The mean difference in arm circumference between 
the two groups was found to be statistically insignificant. 
While children in the experimental group had higher increments 
In arm circumference when compared with children in the central 
group, statistically the increments between the ragi and 
control was significant at one par cent level while those
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rice and central was insignificant. The values for 
arn cireunfcranes obtained in ibis study is similar te those 
reported by Kanalanathan et al (1975) Tor both supplemented 
and not supplemented group. The values obtained for the 
control group is similar to those reported by Gopalan and 
VIJayaraghavan (l97l) Tor Indian preschool children, and 
supplementation dlftdltely seems to hare had an impact.

The mean initial and final chest circumference 
of the three groups along with the statistical analysis are 
given in Table VIII and the Individual values are presented 
in Appendix D.

TABLE VIII
MEAN INCREASE IK CHEST CIKG UHFERENCB OF CHUJMEN IK

THE THREE GROUPS

Chest circumference
g.Kc. Croups in cm. *t* Values

Initial Final Increase

1. RAGI-BASED 48.36+ *8.97* 0«6lt Ragi vs RiceDIET GROUP 1.87" 1093 0.65 « 0.813

1. RICE-BASH) 48.36+ 48.82+ 0.46o Ragi vs Control * 3.47400DIET GROUP 8.48 2.13 0.61

3. CONTROL
GROUP 48.25+

2.85"
48.38+
i.9*“

0.13+0.13"
Rico vs Control

ee Significant at one per cent level



57

The Tains■ obtained for chest circumference for 
children la this investigation fell within the range of 
%5.0 to k 8 , 0  era as reported hjr Gopalan and Vijdyaraghavan 
(1971) for Indian presehool children. Increments in the ehest 
circumference for the control group (0.13cm) was significantly 
(F<O*0i) lower than that of the increments registered hy 
children in the supplemented group and the value was slnllar 
to those reported hy Kamalanathan st al (1975) lor unsupple­
mented preschool children* The difference in increments 
registered hy children in the ragl and rice diets were 
statistically insignificant*

<*• W.lnht/H.Uh* ratio (Growth Ind*x)»

Table IX - depicts the mean welght/helght ratio 
for each group of proschool ehlldron calculated from the 
individual height and weight of the children using the 
formula (Velght/Helght*) X 100 (Bao and Singh, 1970 and 
Sastry and ViJayaraghavan, 1975)* This index was chosen to 
be calculated because as opined by NIK (197b) weight-height 
ratio is a more sensitive index to assess the degree of mal­
nutrition among all other indices for preschool and was found 
to be Independent of age and sex even in longitudinal studios*
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YABLS XX
MEAN WEIGHT - HEIGHT RATIO FOB THREE GROUPS OF PRE­

SCHOOL CHILDREN

S*No Sroups Initial Final Increase

1. RAGI BASED 
DIET GROUP

0*1419+0.32
0.15522
0.02

0.0132+
0.09

2* RICE BASED 
DIET GROUP

0.1365+ 
0.68 "

0.1503+
0.74

0.0138+
0.08

3* CONTROL GROUP 0.1410+ 
0.69

0.1507*
0.73

0.0097+0.04

Govrlnath Sastry (1974) baa reported 0« 15 as a 
normal Tala* for this index* The values for this weight/ 
height ratio obtained in this study was 0*1% initially for 
all the groups, and ranged from 0*15 to 0.16 finally* With 
the ragl based diet group hawing an index of 0*l6* The 
beneflelal effect of supplementation is orident by the rate 
of increase in this ratio for the supplemented group as against 
the eontrol group* Similar impacts of supplementation have 
been obserwod by Kamalanathan *t al (1975) for groups of 
children fed supplement over that of unsupplemented group*

2. Biochemical estimations! 
a* Hemoglobin leweli

The mean Increase in the haemoglobin levels in the 
children of the three groups along with the statistical
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aha lysis is given la Tab Is X and the individual Talas s at 
tha baginning and and ef the study Is given in the 
Appendix B,

TABUS X
MEAN INCREASE IN HEMOGLOBIN LEVELS OF CHIiDREN IN

THE THREE GROUPS

S.Ne. Groups
Hemoglobin levels 
in g/100ml of

blood________ •t* value
Initial Pinal i 

<
«

§
 

• 
s

i
 
,

!• RAGI BASED 
DIET GROUP

a. 05* 
l.5i

8.50+
1.57

0.45+0.214
Ragi vs 
- 0.52

Rice

t. RICE BASED 
DIET GROUP 7.791  1.69

8.B7*
1.77

0.48+
0.179

Ragi vs control 
- 1.00

3. CONTROL 7.««* 7.68+ 0. 06+ Ri.ce vs central
GROUP 1.33 1.32 0.105 • 0.86

The mean increase in the hemoglobin level ef the
children fed ragi based and riee based diets were 0.45<jper 
100 ml and 0.48 g. per 100 ml respectively as against 0,06g. 
per 100 ml fer the central group. These increments were 
however not statistically significant. May bet a larger 
experimental perled in these children who have had lower
hemoglobin levels to begin with is necessary to result in
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higher and significant increment■* fhe final hemoglobin 
▼aluea obtained in the present investigation for the control 
as well as the snpplononted group compares well with those 
of the values reported bjr Kamalanathan et al (1973) and 
Devadas et (1974, 197%)*

b. Serum protein and serum vitamin A levels!

fhe serum proteins including albumin and globulin 
levels and the mean serum Vitamin A levels of the selected 
five preschool children from when blood ceald be drawn with­
out much difficulty and who were willing to cooperate is 
presented in fable XX.

TABUS XX
MKAN SERUM PROTEST AMD SERUM VITAMIN A LEVELS OF 

SELECTS) PRESCHOOL CHILDREN

S.No GROUPS
Levels of Protein in g./ mg.of Vitamin A 
100ml» of serum in 100 ml, of

Albumin Globulin fetal S#ru*
Protein

1. RAGI BASED 2.77 8*96 5*73 *8.53DIET GROUP

8. RICE BASED 3.32 1.30 4.62 40.90
DIET GROUP

3. CONTROL 2.17 8.40 4.97 37.90GROUP

4 . XCNND (1966) 80-49 accepted 
value

9. Sauberlleit et al (1976) >.9.5 accepted 
value< 5 . 0  low



The total protein In saron for the children in tha 
ragl based dlat was 5.73g par 100 nl aa against 4*62 and 
4*57 respectirely far tha rdee haoad dlat fad gronp and 
control group. Krishnamoorthy at al (1976) reported a range 
of rallies ha tween 5.7-7*9g par 100 nl of total protolns and 
range of 2*9-4*ig/iOOnl for albumins and 2*7-3*9g/l00ml for 
globulins In preschool children after a period of supplementa­
tion In an urban population. Tha Talus s obtained for o hi Id ran 
in the throe groups In tha present study especially’ for total 
proteins approximates the range reported by Krishnamoorthy 
at al (1976)* These ralues were In close aggroement with 
those reported by Perl era et £l (1969)* Prasad et gl (1969), 

-""Kothari at al (l97i) and Tlnodini Reddy, (1974) and are 
within the normally acceptable Units.for Indian Children* 
Since the protein Talues were taken only once during the 
period of six months of study, It Is recommended that a 
better picture; might s t oIts if the Impact of feeding a good 
protein diet to those highly malnourished children is 
prolonged ower a longer period of time*

The Talues obtained fer serum 'Vitamin A lerels 
per lOOnl* were 48*5^Ng* for ragl based diet, 40*50 for 
rice based diet and 37*50 Jhg for control group. When the 
Intake of f t  earetone (Table IT) for the three groups of 
children Is correlated with that of the serum 'Vitamin A
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lavili and whan the total protein quality of the diet Is 
considered, there seems to be a relationship between the 
p  carotene and the protein value of the diet and between the 
oeran Yltanln A levels. Slnllar observations have been 
reported by Periera and Bogun (1966), Ylnodlnl Reddy, (1970) 
and Krlshnanoorthy et al (1976)* Krlshnanoorthy et have 
reported sorua vitamin A levels of 29*2 jl( P*r 1 W  nl.on a 
1200 ug of dietary Intake of B carotene and the values obtained 
In the present study with higher intakes of 2430ug to 2782ug 
Is consequently higher. The values obtained In the present 
study is comparable to the accepted values reported In ICNND 
(1963) for preschool children*

c. Urinary creatlninei

The mean creatinine excretion in the beginning and 
at the end of the study as analysed fron a 24-hour collection 
of the throe groups of children Is given in Table XIX and 
the Individual values are given In Appendix P.

TABLE XXX
MEAN URINARY CREATININE EXCRETION FOR 24 HOURS OF THE THREE

GROUPS OF CHILDREN

S.No* Groups Moan Urinary Creatinine Yalue In ng per
24 hours

Initial Final Increase

1* RA6X BASED 
DIET GROUP 154.5s60.4 159.0s89.2 4.5s33.8

2,* RICE BASED 136.2s I57.0e Sl.Oj
DIET GROUP _29.6 42.5 34.0

3. CONTROL GROUP . S t f * . . .
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The creatinine excretion for ttao control gronp 
was 122.5 mg and 124.0 mg In the beginning and at the and 
of tbo study. Children In the rice diet fed gronp had creatinine 
▼aloes of 136.8 ng. and 157.0 ng initially and finally where 
as children fed fagl diet had excretion lerels of 156.5 ng. 
and 159.0 ng. respectively. Anusuya (l97l) had reported that

the creatinine excretion In n o rm a l Indian children to he 
1 8 9 . 0  mg. for 2 4  hoars sample. Values reported In the 
present study vas lower than that of the above reported raise 
hat In the supplemented group, the raise was similar to that 
reported b y  B e v a d a s  a& ( 1 9 7 5 ) .

d. Creatinine - Height Ratio»

According to Sauborllch et £l (1976) the relation* 
ship of mg. of creatinine excreted/unit of timo/cm. of body 
height (CHI) has boon seed In oralsatlng protein nutritional

oferaoKWHistatus in children. Uninary oxcreatinix^ is determined 
principally by the loan body mass which Is sacrificed during 
protein deprivation. Hence, children suffering from protein- 
calorie malnutrition hare a lowered ereatlnlnevhelght index.

“h eIn the present study the creatine-height Index for 
Individual children was calculated using the formula-

Creatinine-height 
index (CHl) m creatinine excretion by subject (mx/24hours)

i Creatinine excretion by normal child of 
same height (mg./24 hours)
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and tha Individual values for oach child la given In
KdAppendix G. According ̂the standards prescribed by Sauberllch 

at al (1976) tha creatinine height Index ef 0*9 and above 
Is considered to be an acceptable value and values below 
0*9 has boon classified to bo low with nodlun risk involved* 
The creatinine-height lndaxtealenlated for the children in 
this study were grouped according to the above standard and 
the nunber of children classified accordingly as normal and 
below normal at the beginning and at the end of the study is 
presented in Table XXIX*

TABLE XXXX
MEAN CREATININE HEIGHT INDEX OF THE CHILDREN IN THE

THREE GROUPS

S.No
Creatlnlne-
Helght
index

Number of children
RAGI BASED DIET RICE BASED CONTROL GROUP 

GROUP GROUP
Initial Fi­

nal

1. < 0.9 13 8
s. > 0.9 IS 17

- Initial Pi- Inltl- Final
nal al

8 4 14 10
17 tl 11 15

Xt Is evident from the table that Initially there 
were greater number of children In the bblow normal range in 
all the three groups which Improved coneiderably In the 
supplemented group towards the end of the study. The improve- 
n«nt shown In the control group was not as conspicuous. As
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outlined by Arroyare , (1969) and Sauberlich «t |1 (1976) 
expressing creatinine In ttraa oX height has tha advantage 
o f  lndapandaaey froa aga aa oraatlnlna axcratlon o f  normal 
childran oX tha same height as that that eX malnourished 
child la tha criteria Involved, IX it la assumed that vhan 
evaluated with accuracy in urine celicetion It cauld be need 
aa a aanaltlTa Index to aaaaaa recovery Iran nalnutrltlen.
It la poaalbla to apeculate that tha improvements evidenced 
by greater nunbar eX children In tha experimental groupa nay 
be due to the better quality eX the dieta aupplenented and 
their nutritional adequacy, Rvaluatlen ever a longer period 
la recommended to Xurther eubatantlate the above and bring 
out narked dlXferencee aa height lncreaanta are alewer but 
steadier especially Xor this age group eX children,

3* Clinical picture1

Clinical assessment eX all the children In the 
three groups was dene at the beginning and end eX the study 
period. An lnprovenent In the general clinical picture eX 
all the children was noted at the end eX six nenths specially 
Xor children In the experimental group (Table XIY)
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CLINICAL PICTURE OF CHILDREN IN THE THREE
GROUPS

TABLE XXV

P T C u t a n  o f  children
S.No Clinical

Syaptoas
Ragl Based 
Diet GrouD

Bias Based Diet 
Grouo

Control Group

Initial Final Initial Final Initial Final

t. HAIRS
Diie*loar«d - - S 4 12 12

2. SKINS
Follicular
hypsitcntoals 8 - - - 4 4

3. BYKSi
Conjunctival-
ziroslf 20 12 20 12 32 32

4. MOUTHS
Angular Stoaa- 

titis 44 16 60 SO 64 60
Papilla* atro­
phy - - 20 8 28 24
Carlos 12 12 24 24 44 44

5. Enlarged liver - - 8 -> 12 4
6# Narasns • • 4
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Zn tho experimental and control groups Initially, 
thoro wars nutritional deficiency symptoms, asdlscohloured 
hair, eonjunetlval xorools, follicular hyperkeratosis, Bitot's 
Spots, angular stonatltis, earloo and onlargod liver. But 
after six nonths of supplementation, the symptoms mors reduced 
In both tho experimental groups* The strlfeking improvement 
in tho clinical picture is clearly visible Iron Figures 5 and 
6 wherein two children in the experimental group one a 
pathetic oarasmle baby and the ether a victim ef severe 
angular stomatitis in the beginning ef the study has shown 
narked improvements after six months* But the reduetion ef 
symptoms was net conspicuous in the control group* The fact 
that some ef the symptoms like conjunctival xerosis and 
angular stomatitis still existed in the supplemented group 
points out the need for supplementation over a longer period 
ef time*

%• Attendance and incidence ef sicknessi

The monthly incidence ef sickness as recorded from 
the absenteeism to school and personal visits is presented 
In Table XT*



TABLE IV
PERCENTAGE OF ATTENDANCE AND INCIDENCE OF SICKNESS IN THE 

THREE GROUPS OF PRESCHOOL CHILDREN

S.Ko S m p i
Percent­
age ef attendance

Reaeene Ter absenteeism 
Number el children

Diarr­
hoea Mumps Chicken Cold, 

|>ox cough I 
Fever

Nupber el
children

Liver Skin trembles lnfec- 
tiene

1* Ragl based 
diet group •8 1 - - 8 - -

2. Rice based 
diet group •5 1 3 - 4 - -

3* Control group 66 1 . 6 4 8 8

On an arerage the duration of absenteelan were Iron 3 to 4 
days for illness like oold( sough and diarrhoea whereas sicknesses 
like mumps, liver trouble, chicken pox persisted fsr 8 ts 3 weeks.

As Ss evident iron the table the percentage ef attendance 
was the least in the central group and correlated with the incidence 
ef sickness which was also higher for this group. In the supple­
mented group the attendance was improved and kind ef sickness 
observed was varied and ef less duration.

It is evident from the foregoing discussion that children 
who were given a supplement based en their customary dietary pattern 
but by enhancing the diet with the inclusion ef locally available, 
lew cost foods exhibited better trends in their growth pattern.



hemoglobin level** serum protein and serum Vitamin A level* 
and elinical picture, as compared to their counter part* 
who did net receive any supplement* these two improved ragi 
based and rice based diets were well accepted by the ehildren 
and wa* economically feasible ter their families to adopt* 
thus enlightening the potential* ef these Improved diets ter 
usage in the common dietaries et the rural population*



T SUMMARY AND CONCLUSION

The feasibility of adoption of two Improved low 
eoot rural dloto based on ragi and rleo in the dietaries of 
preschool children was inrestigated orer a period of six 
months. Two inprorod diets based on ragi and rleo whloh 
wore enhanced by addition of low cast, locally available foods 
like sweet potato, horsogram, seoane and groundnut flour and 
amaranthus, suggested to possess potentials of greater nutri­
tional inpact by Devadaa and ceworkers (1963, 1976) fesmedthe 
basic diets supplemented in this Investigation. Using the 
dietary composition suggested by the above workers and having 
the food requirements of preschool children (XCM&, 1976) as the 
guideline,quantities of food to bo supplied, each day to noot 
the 2/3rd of the food requirements of the preschool children 
were evolved. Subsequently menus and recipes tailored around 
the common food habits of the local preschool children wore 
worked out. Two groups of 25 children each from two rural 
areas having similar socio economic background and within the 
age range of two and a half to three and half years were 
selected and supplemented with the ragi based and rice based 
diets respectively# A third group of 25 children comparable 
in age and socio economic background wore selected from a nearby 
area and served as the unsupplemented control. The food 
consumption pattern of the children, changes in their
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anthropometric measurements, changes In biochemical parameters, 
clinical picture and incidence of sickness over the period 
of six aonths formed the criteria of evaluation of the two 
improved diets.

The results revealed thats

The mean whole days' intake of cereals and pulses 
in the supplemented groups were above the recommended 
allowances and was mainly due to the supplement.
Whereas six per cent deficit in cereals and 60 per 
cent deficit in pulses were found in the control 
group. Consumption of roots and tubers was above 
the recommended allowance while that of the green 
leafy vegetable was negligible in the control group 
and was enhanced in the experimental groups. Con­
sumption of all other foods fell short of the recom­
mended allowances but provision of nuts and oilseeds 
in the supplemented groups as envisaged, enhanced 
the nutritive value.

2. Comparison of the nutrient Intake with that of the 
recommended allowances (ICMR-1976) Indicated a high 
intake of protein in all the three groups and an 
adequacy of calories in the supplemented group with 
a caloric.gap of 37* in the control group. Intake of 
calcium was i.5g» l.Og and 0.3g; iron 32mgv 31mg and 
lOmgi Vitamin A 2430ug, 2782pg and A85pg, Thiamine 
1.89mg. 1.66 mg and 0.%2mgj Riboflavin 0»9%mg, 0.72mg 
and O.eOmg, and ascorbic acid 67 mgt 75 mg and l6mg 
respectively for the ragi based, rice based diets and 
control group. The intake of all these nutrients were 
adequate in the supplemented group but inadequate in 
the control group.

3. The mean increase in height of children in the ragi 
based diet was 3.89 cm as against 2.62 cm in the rice 
based diet and 2.26 cm in the control group. Statis­
tically, the increase between the two supplemented 
groups were significantly higher than the control and 
those between ragi and rice was also significant.

*. The increments in weight registered by children in 
the ragi based diet, rice based diet and control 
were 1.98kg, 1.86kg and 1.3* kg respectively. Increases 
in weight between the two supplemented group*was not 
statistically significant while those between the 
experimental and control was significant at one per cent level.
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5* Highest Increatent in a n  circumference (0*3lcm) 
was recorded by children In ragl based diet group, 
with rice based diet group (0,25) and control 
group (0*llcm) ranking next In the descending order. 
Statistically there was no significant difference 
In the Increnents between the two supplemented 
groups but those between ragl based diet and 
control was significant at one per cent level*

6. Increments In the chest circumference ef children 
fed the ragl based and rice based diets were 
0*6lcm and 0*46cm, respectively and was net 
significantly different from each other but both 
were significantly higher at one per cent level 
than the control group (0.i3 cm),

7* The values obtained for the weight-height ratio 
of the children In the three groups wore below 
the normal values recommended for Indian children 
Initially but were equal te higher than value 
of 0*15 towards the end of the study with greater 
efficacy in the supplemented groups*

•* The Increments In the hemoglobin levels ef the 
three groups of children were 0*45 g per 100 nlv 
0*48g per 100ml and Q*06g per 100ml respectively 
and statistically the differences were Insignificant*

9* The values obtained for total serum protein and 
serum vitamin A levels for the selected children 
ranged from 4*57 g per lOOul to 5«73g per 100ml 
and 37*50 ttg per 100ml to 48*33ug per 100ml res­
pectively and wore within the accepted value 
reported In the literature* In this criteria also 
ragl based diet ranfced to bo the first, rice based 
and control coning next In the descending order*

10* Twenty four hour collection of urine sample revealed 
a higher excretion of urinary creatinine by 
children In the ragl based diet, rice based diet 
and control group ranking next in the dec ending order*

11* Clinical picture showed that there was an Improvement 
In the general nutritional condition of the chlldron 
In both the experimental group tvwards the end of the 
study while children In the control group did not 
exhibit much Improvement. Incidence of sickness 
was also found to be higher in the control group 
than In the experimental group*
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fh« two i i p m i d  rail tend and rlee bawd diets 
patterned around the rural dietaries thus investigated in this 
study pessessed equal potentials in improving the nutritional 
picture of the children as against the control and the 
supplemented group* When judged through the parameters of 
anthropometric measurementt biochemical estimations and clinical 
picture, both ragi based and rice based improved diets evinfied 
similar potentials in improving the nutritional status of the 
preschool children although insignificantly higher values 
except for height vas registered by the ragi based diet*
Xnsplte of the fact that both these diets virtually provided 
equal amounts of calories and protein and all the other nutrients, 
approximately in equal quantities, the fact that there vas a 
difference in the calcium intake needs mentioning and is worth 
being correlated with the slightly higher nutritional picture 
exhibited by the ragi based diet fed children* This specucla- 
tlon Is in line with the findings of Devadas et gl (i975) who 
found a relationship between adequate amounts of calcium e«a 
growth rate of children*

In virtue of these evidences and because of the 
fact that these supplemented diets were nutritionally enhanced 
with low cost locally available foods, with practically no 
increase in their cost speaks well for their potency to be 
included in the dietaries of local populations without any



•iltwral and economic impediments. It also throws light on 
the possibility of including sash nutritions supplements for 
▼arioso nutritional feeding programmes for tho vulnerable 
seetlons of tho population without any extra cost burden and 
dopendonco upon doles and aids iron extraniouo sources.

Further research to evaluate longitudinally over 
the period of entire preschool age starting from conception 
is recommended and might throw more light on our knowledge 
about building a nutritionally sound generation solely by 
self reliance.
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&AGI BASED DIET GROUP

S.N© 1 2
MONTHS
— 5“ 4 6

(c) («■) («■) (•■) <«) ( c m )

1. 88^0 88.4 88.9 89.3 89.8 90.2
2. 87.5 88.2 89.0 89.-7 90.5 91.2
3. 82.8 83.6 84.6 85.7 86.3 87.0
4. 92.4 93.0 94.0 95.0 96.2 97.8
3 * 84.8 85.9 87.0 88.2 89.5 91.0
6. 84.6 85.3 86.0 86.8 87.3 88.0
7. 85.4 86.0 86.6 87.2 88.6 89.4
8. 88.0 88.8 89.7 90.4 91.6 93.2
9. 89.8 90.5 91.2 92.0 93.2 94.2
10. 90.4 91.6 92.7 93.9 94.3 94.8
11. 76.7 77.5 78.3 79.1 79.5 81.0
12. 91.1 91.6 92.0 92.5 93.4 94.0
13. 80.8 81.3 81.9 82.5 83.0 83.8
1%. 82.2 82.8 83.4 84.2 84.9 86.3
15. 89.0 89.7 90.5 91.2 91.9 93.2
16. 86.1 86.4 86.8 87.1 87.6 88.0
17. 73.2 73.5 73.9 74.5 74.9 75.3
18. 90.4 9l.l 91.8 92.5 93.2 94.1
19. 92.6 93.3 94.0 94.7 95*4 96.0
20. 91.8 92.3 92.9 93.4 94.2 95.0
21. 85.6 86.3 67.0 87.8 88.7 89.5
22. 87.6 88.2 88.6 89.4 89.7 90.2
23. 86.6 87.1 87.6 88.1 88.4 89 rO
24. 89.0 89.7 90.3 91.0 92.0 93.0
25. 85.2 86.2 87.4 88.6 89.6 91.0
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RICE BASKO DIET GROUP

MONTHS
s.sro. 1

(«■)
2

(«■) («■)
4

(«») (ca)
6
(ea)

1. 84.5 85.3 86.1 86.9 87.9 89.0
2. 99.0 99.5' 99.9 100.4 100.9 101.4
3. 93.4 94.0 94.7 95.2 96.2 97.0
4. 69.4 89.9 90.5 91.0 91.6 92.2

3. 84.3 84.7 85.2 85.6 86.0 86.6
6. 100.7 101.2 101.7 102.1 102.7 10|.2
7. 84.3 84.6 84.9 85.3 •5.6 86.0
8. 93.0 93.6 94.1 94.6 95.2 96.0
9. 85.9 90.4 91.0 91.6 92.2 92.9
io. 93.1 93.6 94.2 9%.? 95.3 96.0
li. 91.6 92.1 92.7 93.3 93.8 94.5
12. 81.6 82.1 82.7 83.2 83.8 84.6
13. 94.3 94.6 95.0 99.8 95.8 96.4
14. 88.1 88.4 88.6 89.0 89.5 90.0
15. 84.6 85.1 85.7 86.2 86.8 87.5
16. 74.4 74.8 75.1 75.5 75.9 76.2
17. 97.5 98.0 98.5 99.0 99.6 100.0
18. 89.7 •0.1 90.6 91.0 91.7 92.2
19. 92.3 92.9 93.4 93.9 94.3 94.8
20. 89.7 90.0 90.3 90.7 91.2 91.7
21. 98.7 99.1 99.5 99.8 100.3 100.8
22. 74.4 75.0 75.7 76.3 77.2 78.0
23. 93.8 94.1 94.6 95.2 95.7 96.2
24. 88.4 88.7 89.0 89.3 90.0 90.4
25. 84.8 85.4 86.0 86.5 87.0 87.3
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CONTROL 6R0UB
■>

v̂\O ' *

£ r

MONTHS
S.No 1

( c m )
2

( c m )
3(c«)

1. 89.0 89.5 90.2
2 . 88.5 88.9 89.3
3. 86.0 86.3 86. 6
%. 83.3 83.7 8%.0
5. 87.1 87.% 87.7
6* 96.0 96.3 96.9
7. 77.3 77.8 78.0
8* 86.1 86.3 86.9
9* 80.8 81.1 81.5
10. 83.% 83.7 8%.0
11. 90.0 90.3 90.6
12. 86.% 86.7 67.0
13* 81.7 62.1 82.6
14. 86.0 86.5 87.0
13. 88.9 89.3 89.7
16. 98.1 90.7 91.2
17. 95.3 95.9 96.2
18. 91.0 91.5 92.0
19. 90.9 91.2 91.5
20. 8S« 2 88,5 89.0
21. 89.0 89.3 89.7
22. 85.6 86.0 86.5
23. 86.0 86.% 86.9
24. 90.6 90.8 91.0
25. 83. 8 8%. 2 8%. 6

% 5 6
( c m ) ( c m ) ( c m )

90.8 91.% 92.0
89.8 90.3 91.0
87.0 87.% 87.8
8%.5 85.0 85.%
88.0 88.3 89.0
97.3 97.6 98.0
78.3 78.6 79.0
87.3 87.8 88.%
81.8 82.3 82.8
e % . % 8%. 7 85.5
91.0 91.6 92.2
87.% 88.0 88.5
83.0 63.6 8%. 2
87.5 88.% 89.0
90*1 90.6 91.%
91.8 92.5 93.2
96.5 97.0 »?.*
92.6 93.0 9%.0
91.9 92.5 93.0
89.5 89.6 90.2
90.0 90.5 91.0
87.0 87.5 88.1
87.3 87.8 68.2
91.3 91.8 92.1
65.0 85.6 86.3



A P P £ N EJ[ 2 £
KONTHLT WEIGHT INCREMENTS OF THE PRESCHOOL CHILDREN

IN  THE THREE GROUPS



103

RAGI BASED DIET GBOUP

MONTHS
S.Xo 1 8 3 % 5 v 0

(Kg) (Kg) (Kg) (Kg) (Kg) (Kg)

1# 10*30 11.00 11.25 11.50 11.50 18*00
8. 10.00 10.50 11.25 11.50 11.75 18.00
3. 9.5© 10*00 10*50 11.00 11.50 18.50
8. 13.00 13.90 18.00 18.73 15.00 15*50
5. 10.50 11.00 11.50 11.73 18.00 18.50
f. 10.00 10*85 10.50 10.75 11.00 11.00
7. 11.00 11.50 18*00 18*50 13.00 13.50
8. 12.00 18*50 13.00 13.25 13.75 18.00
9. 11.00 11.25 11.75 18*00 18.50 18.00
10. 11.50 13*00 12,85 18.75 18*00 15*50
11. 10*50 11*00 11.85 11.50 11.75 18*00
18. 11*00 11.50 11.75 18.00 18*85 12*85
13* 10.00 10*50 11.00 11*50 18.75 13.00
1%. 9.00 99.85 9.50 9.75 10.00 10*00
15. 11*50 11.73 18*00 18*50 13.00 13.50
18. 10*00 10.50 11.00 11.50 11.73 18*50
17. 9.00 10* 00 10*50 11.00 11.75 18.73
it* 11*00 11.25 11.50 11.75 18.00 18.00
19. 11*50 18.00 12*50 18.50 13.00 13.00
20. 10*50 11.00 11.25 11.75 18*00 18.50
81. 9.50 10,00 10.50 11.00 11.50 18.00
22. 11.00 11.85 11.75 18.00 18*50 18.50
83. 10.00 10*50 10*50 10.75 11*00 11*00
2*. 11*00 18.00 18.85 18.50 18*50 13.00
25. 10.00 10.50 11.00 11.50 18.00 18.50



10%

KICK BASED DIET GROUP

MONTHS
S.No 1 2 3 % 5 0

(Kg) (Kg) (Kg) (Kg) (Kg) (Kg)

1. 10.00 10.25 10.50 11.00 11.50 12.00
a. 13.00 13.25 13.75 14.00 1%.50 15.00
3. 12.00 12.50 12.75 13.00 13.25 14.00
%• 11.50 12.00 12.50 12.75 13.00 13.50
5* 10.00 10.50 11.00 11.25 11.50 11.50
0. 13.00 13.25 13.30 1%.00 1%.25 15.00
7. 9.30 9.73 10.00 10.25 10.75 11.00
8* 12.00 12.50 12.75 13.00 13.50 14.00
9. 11.5© 11.75 12.00 12.50 12.75 12.00
10* 11.00 11.25 11.75 12.00 12.50 12.50
11. 10.50 11.00 11.25 11.50 11.50 12.00
12. 10.00 10.50 11.00 11.25 11.50 11.50
13* 13.00 13.50 13.73 14.00 1%.50 i5.oo
14. 11.30 11.73 12.00 12.25 12.50 13.00
15* to. jo 11.00 11.50 12.00 12.50 12.50
16. 7.3© 7.75 8.00 0.25 0.73 9.50
17. 12.50 15.00 13.50 i%.00 14.75 15.00
IB. 11.00 11.25 11.50 12.00 12.50 13.00
19. 12.50 13.00 13.25 13.7J 1%.25 14.50
20. 5.00 5.50 5.75 O.oo 0.50 7.00
21. 12.00 12.50 13.00 13.50 14.00 14.50
22. 11.00 11.50 12.00 12.25 12.50 12.50
23. 10.00 10.50 11.00 11.25 12.00 12.00
2%. 11.00 11.25 11.50 12.00 12.50 13.00
25. 12.00 12.25 12.75 13.00 13.50 13.50
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CONTROL GROUP

MONTHS
S.No. 1 8 3 4 , 5V *

(Kg) (Kf) (Kg) ( K g ) (Kg) (kg)

1. 10.00 10.50 10.50 10.75 11.00 11.00
8. 11.00 11.25 11.50 18.00 18.50 18.50
3. 11.00 11.50 12.00 12.00 12.50 18.50
4. 18.00 12.85 18.50 12.50 13.00 13*00
5. 10.00 10.50 11.00 11.50 11.50 18.00
0. 13*50 13.50 14.00 14.50 14.50 15.00
7. 8.50 8.75 9.00 9.50 9.50 10.00
8. 9.50 10.00 10.00 10.85 10.50 10.50
9* 10.00 10.85 10.50 10.50 11.00 11.00
10. 10.00 10.25 10.50 10.50 11.00 11.00
11* 11.50 11.50 12.00 18.00 12*50 18.50
18* 11.00 11.85 11.50 11.50 18.00 18.00
13. 9.50 9.50 10.00 10.50 11.00 11.50
14. 10.50 11.00 11.25 11.85 11.50 11.50
15. 10.50 11.00 11.25 11.50 18.00 12.00
16* 11.00 11.50 18.00 18.50 13.00 13.00
17. 18.00 12,25 18.50 13.00 13.50 13.50
18. 11.00 11.50 18.00 18.85 12.50 18*50
19. 18.00 12.85 18.50 18.75 13.00 13.00
80. 11.50 . 11.50 11.75 12.00 12.00 12.00
81. 10.50 11.00 11.85 11.50 12.00 18.00
28. 10.00 10.85 10.50 10.75 41.00 11.00
83. 11.00 11.25 11.50 11.75 18.00 18.00
24. 18.00 12,50 13.00 13.85 13.50 13.50
85. 9.50 10.00 10.25 10.50 10.50 11.00



± £ £ £ £ 2 1 2  £_
MONTHLY INCREMENTS IK ARM CIRCUMFERENCE OF 

SCHOOL CHILDREN IK THE THREE GROUPS FEE-
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RAOI BASKO DIET GROUP

MONTHS
S.N©

{«■)
8
(«■)

3(Cm)
4
(Cm) t

( C m )
c
(«*)

13.© 13.1 13.1 13.2 13.2 13.3
2. 12.6 12.7 12»8 12.8 12.9 13.0
3. 13.8 13.9 14.0 14.1 14.1 14.8
4. 15.8 15.8 15.8 15.9 15.9 15.9
5. 14.0 14.0 1 4.1 14.1 14.2 14.2
6. 13.2 13.3 13.3 13.4 13.4 13.5
7. 15.0 15.© 15.1 15.1 15.2 15.2
8. 14.5 14*5 14,6 14.6 i*.7 14.7
9. 15.1 15.1 lf.l 15.2 15.2 15.2
10. 13.8 13.9 14.0 14.2 14.3 14.6
li* 14.8 15.0 15.0 15.2 15.1 15.1
12. 12.4 12.4 12.5 12.5 12.5 12.5
13. 13.6 13.6 13.6 13.7 13.7 13.7
1%. 13.0 13.0 13.1 13.1 13.2 13.2
15. 14.4 14.6 14.9 15.0 15.1 15.2
16. 12.6 12.7 12.8 12.8 12.9 12.9
17. 14.2 14.2 14.2 14.4 14.5 14.5
18. 13.8 13.8 13.8 13.9 13.9 13.9
19. 13.2 13.2 13.3 13.3 13.5 23.5
20. 13.0 13.2 13.3 13.3 13.4 13.5
21. 12.0 12.0 12.1 12.2 12.2 12.3
22. 14.0 14.1 14.3 14.5 14.5 14.6
23. 14.0 14.0 14.0 14.1 14.1 14.2
24. 14.0 14.0 14.1 14.1 14.2 14.2
25. 12.6 12.6 12.8 12.8 12.9 13.0
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RICE BASED DIET

S.Ho 1 2
MjQNTHiL

3 4 5V 6
(ea) (ea) (ea) (ea) (ea) (ea)

1. 13.2 13.2 13.3 13.3 13.4 13*4
2* 13.2 13.4 13.5 13.5 13.6 13.7
3* 15.0 15.0 15.1 15.1 15.1 15.2
4. 14.2 14.3 14.5 14.5 14.6 14.7
5. 13.4 13.6 13.7 13.8 13.9 14.0
6. 14.3 14.3 14.3 14.4 14.4 14.4
7. 12.4 12.4 12.5 12.6 12.7 12. 8
8* 14.6 14.6 14.7 14.7 14.7 14.7
9. 13.6 13.6 13.6 13.7 13.7 13.9

10. 13.5 13.5 13.6 13.6 13.7 13.8
11. 13.2 13.2 13.2 13.3 13.3 13.3
12. 14.4 14^4 14.4 14.4 14.5 14.5
13. 16,0 16.9 16.1 16.1 16.2 16.2
14. 15.0 15.0 15.1 15.1 15.1 15.2
15. 14.2 14.2 14.3 14.3 14.4 14.4
16, 12.5 12.5 12.6 12.6 12.7 12.9
17. 14.2 14.2 14.3 14.3 14.4 14.4
18. 14.4 14.4 14.5 14.5 **•« 14.6
19. 13.8 13.8 13.8 13.9 13.9 13.9
20. 14.2 14.2 14.3 14.3 14.4 14.4
21. 14.4 14.5 19.6 14.7 14.9 15.0
22. 9.0 9.1 9.2 9.2 9.3 9.4
23. 14.2 14.2 14.2 14.3 14.4 14.4
2%. 14.0 14.0 14.1 14.2 14.2 14.2
25. 13.3 13.3 13.4 13.4 13.5 13.5
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CONTROL GROUP

Month!
S.Ho 1 2 3 4 , 5 8

(«») («■) (cm) <©■) (©■) (©*)

1. 13.1 13.1 13. l 13.1 13.2 13*2
2. 14.0 14.0 14.0 14.1 14.1 14.1
3*. 14.8 14.6 14.6 14.7 14.7 14.7
4. 14.0 14.0 14.1 14.1 14.2 14.2
5. 12.7 12.7 12.8 12.8 12.8 12.8
6, 15.0 15.0 15.0 15.1 15.1 15.1
7. 13.7 13.7 13.7 13.8 13.8 13.8
8. 14.2 14.2 14.2 14.3 14.3 14.3
9. 13.2 13.2 13.3 13.3 13.4 13.410. 15.2 15.2 15.2 15.3 15.3 15.3
11. 13.2 13#2 13.3 13.3 13.4 13.4
12* 15.9 15.9 15.9 15.9 15.9 15.9
13. 13.3 13.3 13.3 13.4 13.4 13.4
14. 14.0 14.0 14.0 14#0 14.0 14.0
15. 13.0 13.0 13.0 13.1 13.1 13.1
16. 13.3 13.3 13.3 13.4 13.4 13.4
17. 13.0 13.0 13.1 13.1 13.2 13.2
18. 12.9 12.9 13.0 13.0 13.1 13.1
19. 12.8 12.8 12.8 12.8 12.8 12.8
20. 13.4 13.4 13.4 13.5 13*5 13.5
21. 14.1 14.1 14.1 14.2 14.2 14.2
22. 12.8 12.6 12.6 12.8 12.6 12.6
23. 13.3 13.3 13.3 13.4 13.4 13.4
24. 14.0 14.0 14.1 14.1 14.2 14.2
25. 14.2 14.2 14.5 14.3 14.4 14.4
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& £ £ £ £ £ £ £ £
MONTHLY CHEST CIRCUMFERENCE INCREMENTS OF THE PRE­

SCHOOL CHILDREN IN THE THREE 
GROUPS

C



ill

RAGI BASSO DIET GROUP

MONTHS
S.NO 1

(cm)
2

(«■)
3

(cm)
4

(©■) (cl)
6

(cm)

1. *8 .2 *8 .2 48.3 48.3 48.4 48.5
2. *8 .2 48.4 48.7 48.8 48.9 49.0
3. *7 .0 47.0 47.0 47.1 47.2 47.2
4. 5 * .0 54.0 54.1 54.1 54.3 54.3
5. *6 .0 46.0 46.1 46.2 46.2 46.4
6* 48 .0 48.2 48.2 48.4 48.5 48.5
7. 49.0 49.2 49.3 49.3 49.5 49.5
8. 48.6 48.7 48.8 48.8 48.9 49.0
9 . 49.0 49.0 49.1 49.3 49.3 49.4

10, 50.0 50.2 5©.3 50.5 5i.O 51.2
11. 47.8 47.2 47.3 47.4 47.4 47.6
12. 48.0 48.0 48.1 48.1 48.2 48.2
13. 46.0 46.4 47.0 48.0 48.5 49.0
14. 4 * .2 44.2 44.3 44.3 44.4 44.4
15. 51.4 51.4 51.5 51.5 51.6 51.6
16. 46 .0 46.2 46.3 46.4 46.5 46.6
17. *6 .0 46.2 46.4 46.6 46.6 46.8
IB. 50.0 50.0 50.1 50.1 50.1 50.1
19. 49.0 49.1 *9 .2 49.2 49.4 49.4
20. *6 .8 *6 .8 46.19 46.9 47.0 47.0
21. 46.2 *6 .2 46.3 46.3 *6 .3 46.3
22. 46.8 47.0 47.1 47.1 47.2 47.2
23. 47.6 47.6 47.7 47.7 47.8 47.8

to *• . 50.3 50.6 51.0 51.0 51.2 51.2
25. 46.0 46.6 * 7.6 47.6 48.0 48.2
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RICE BASSO DIET GROUP

S.No. 1 2
MONTHS

3 % 4 , 5 6
(ca) (ca) (ca) (ca) (ca) (ca)

1* 48.4 48.4 48.5 48.6 68.7 68.
8. 52.8 52.8 52.9 52.9 53.0 53.
3. 50.4 50.4 50.4 50.5 50.5 50.
4. 47.2 47.5 47.3 47.4 67.6 67.
5. 46.8 48.8 48.9 48.9 69.0 69.
6 . 51.6 51.6 51.6 51.7 51.7 51.
7. 46.0 46.1 46.2 46.3 66.6 66.
8. 48.6 48.8 49.0 49.2 69.3 69.
9 . 49.6 49.6 49.7 69.7 69.8 69.

10. 47.6 47.7 47.8 67.8 67.9 67.
11. 47.0 47.1 47.2 67.3 67.6 67.
12. 46.4 46.5 46.5 66.6 66.6 46.
13. 50.8 50.3 50.3 50.6 50.5 50.
14. 49.9 49.3 69.5 69.8 50.0 50.
15. 49.0 49.0 69.1 69.1 69*1 49.
16. 45.6 45.6 65.6 65.7 65.7 45.
17. 49.4 49.4 69.5 69.5 69.6 69.
18. 47.4 47.6 67.5 67.5 67.6 47.
19. 51.2 51.2 51.2 51.3 51.3 51.
20. 51.0 51.0 51.0 51.1 51.1 51.
21. 50.2 50.3 50.5 50.5 50.6 50.
22. 40.6 41.1 61.6 62.3 42.8 43.
23. 49.2 49.8 69.2 69.3 69.3 49.
24. 45.6 45.8 66.0 66.3 66.6 67.
25. 46.2 46.2 66.3 66.3 66.6 66.

7
o
5
5
0
7
4
4
8
9
5
7
5
2
8
7
7
6
3
8
7
6
3
o
4



CONTROL GROUP

MONTHS
s.v« 1

(•■>
2
(«■) (c«)

4
( c m )

5(c«) it
■ i
ow 1 1

!• 45.8 45.8 45.9 45.9 46.0 46,0
2* 50.0 50.0 50.0 50.0 50.0 50.0
3. 49.0 49.6 49.6 49.7 49.7 49.7
4. 48.8 48.8 48.9 48.9 49.0 49.0
5. 51.0 51.0 51.0 51.0 51.0 51.0
6. 51.6 51.6 51.7 51.8 51.9 52.0
7. 44.2 44.2 44,2 44.3 44,3 44.3
8. 43.6 45.6 43.6 43.8 44,0 44.0
9. 47.0 47.0 47.1 47.1 47.1 47.1
10. 47.8 47.8 47.8 47.9 47.9 47.9
11. 48.0 48.0 48.0 48.1 48.1 48.1
12. 50.6 50.6 50.6 50.6 50.6 50.6
13. 49.0 49.0 49.0 49.0 49.0 49.0
14. 48.6 48.6 48.8 48.8 49.0 49.0
13. 47.6 47.6 47.8 47.8 48.0 48.0
16. 50.0 50.0 50.0 50.0 50.0 50.0
17. 50.0 50.0 50.0 50.0 50.0 50.0
18, 48.4 48.4 48.4 48.5 48.5 48.5
19. 48.6 48.6 48.6 48.6 48.6 48.6
20. 48.0 48.0 48.0 48.1 48.1 48.1
21. 48.0 48.0 48.0 48.0 48.0 48.0
22. 43.8 43.8 43.8 43.9 43.9 43.9
23. 48.8 48.8 48.8 48.9 48.9 49.0
24. 49.6 49.6 49.6 49.7 49.7 49.7
25. 47.8 47.8 47.8 *7.* 47.9 47.9



A P P g N g J X  £
HAEMOGLOBIN.LEVELS OF THE PRESCHOOL CHILDREN IN THE 

THREE GROUPS AT THE BEGINNING AND AT THE 
END OF THE STUDY
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RAGI BASED DIET GROUP

3. No
INITIAL PINAL

Haenoglobla In g/lOO Haemoglobin in g/100ml 
■I of flood of blood

1. 8.00 0«6l
8* 8.00 8.23
3. 7.26 7*84
4. 10.05 11.75
5. 5.10 5.66
6* 9.15 9.58
7. 0.20 8.70
8. 7.24 7.04
9. 10.80 10.00
10. 6.20 6.96
11* 7*86 7.62
12. 7.86 7.68
13. 7*30 7.68
14. 6.00 6.' 14
15. 11.00 11.32
16. 9*00 9.23
17. 6.00 6.20
10. 0.00 0*83
19. 7.15 7*68
80. 7.00 7.40
81. 0.00 8.70
82. 8.00 0.70
83. 9*00 10.07
84. 9.05 10.10
85. 9*56 10.00

d
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RICB BASED DIET GROUP

INITIAL FINAL
••No* Haemoglobin in g/100ml Haemoglobin In g/100ml

of blood of blood
* * * • • • *

1. 7.50 7.83
2. 9.12 9.58
>. 10,26 10.88
h i «.75

8.25 8.70
6. 6.36 6.52
7. 6.27 M i
8* 9 4 9 ».58
9* 8.00 8.70
10* 8.15 8.70
it* 8,25 8.70
18* , 6.29 6.96
19* . 8*20 8.70
1*. . 10.00 10.88
15* . 1.19 %.79
l6* , *•50 %• 76
17. 7.28 7.83
18. , 9.50 10.00
19* 7.13 7.83
20* 9i$0 9.5821* 8.70 9.1*
22, 6.60 6.88
13* 4 6,26 6«rS2
2%. 8,00 8.5*
25. 11.15 11.76
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CONTROL GROUP

INITIAL FINAL
8«No Haemoglobin In g/100*1 Haemoglobin la g/100*1

of blood of blood

6.00 6.00
t. 8.36 t . M
3. S.24 8.28
4. s.2© 8.36
5* 10.68 10.70
6. 10.00 10.10
7* 6.69 7̂ oo
1. 5.00 7.oo
9. 6.89 6.91
10. 6.15 6.18
11* 7.80 7.5©
18. 7.89 8.00
13. 6 .85 7.31
14. 6.60 6.64
15. 8.28 8.3©
16. 8.88 8.84
*i. 8.24 8.24
IS. 9.22 9.28
19. 7.15 8.85
80. 9.80 9.22
81. 7.5© 7.50
88. 8.24 8.84
83. 6.25 6.30
24. 5.57 5.57
23. 7.60 7.62



A I I H U i  l
URINARY CRKATININS LEVELS OF THE PRESCHOOL CHILDREN 

IN  THE THREE GROUPS AT THE BEGINNING AND AT 
THE END OF THE STUDY

>
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RAGI BASED DIET GROUP

S.No
INITIAL

Creatinine in ng/lOOnl
PINAL

Creatinine in ug/lOOnl
of urine of urine

1* 19.0 23.5
2, 20.0 28.0
3* 18.0 22.5
4 . 16.0 25.6
3. 25.5 30.0
3 * 30.0 21.0
1* 25.0 33.0
•« 22.0 26.0
9 . 58 .0 48.0

10. 30.0 31.5
±U 30.0 31.0
12. 31.5 21.0
15# 41.0 51.5
14. 27.5 30.0
15. 64.0 5o.o
16. 44.0 40.0
17. 41.0 46.5
18. 30.0 37.5
19. 41.0 40.0
20. 30.0 21.5
21. 14.0 20.0
22. 36.5 36.0
23. 15.0 19.0
24. 12.5 15.0
25. 50.0 46.5
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RICE BASED DIET GROUP

w INITIAL FINAL
S.Ne Croatinino In m g/lOOal CroatInino In Bg/lOOaln ^•8 arlno of nrlno

1» *8*9 44.0
2. 27*8 36.8
3. 36.9 47.5
4. 12.8 . 23.5
9. 18.0 23.9
6. 24*8 36.5
7 . 26.9 30*8
8* 29.0 38*5
9 . 42.0 33.8
10. 16.5 22.8
11* 19.5 20*8
12. 36.9 36*0
13. 20.0 24*5
14. 25*8 20.5
15. 30.8 38.0
16. 99 .8 99.8
17. 35*8 53.0
18. 25*8 25*8
19. 21*8 30.8
20. 40 .8 36.8
21. 24*8 29.5
22. 21.8 21.0
23. 35.8 22.8
24. 92 .8 42.0
25. 12.9 17.0



1 at

CONTROL GROUP

INITIAL FINAL
S.No Creatinine In ng/iOOnl Creatinine in ng/lOOnl

of urine of urine

1. 20.0 22.0
2# 21.0 25.0

5. 20.0 20.0

4. 11.0 21.0

9. 13.5 15.9
8. 23.0 23.0

7. »2 .J 57.5
8, 23.0 25.0

9. 26.0 30.9
id . 48.0 24.0
11. 9.9 18.9
12. 13.0 53 .0
19* 14.0 14.9
Hu 49.0 44.0
15. 37.5 15.9
id . 10.0 18 .0
17. 13.0 24.9
18. 40.0 29 .0
I f. 21.0 19.0
20. 37.0 28.5
21. 25.0 23.0
22. 2 5 .0 23.0

10 # 25.0 12.9
24. 15.0 23.0
25. 9 0 .0 27.5



* £ £ £ £ £ £ £  £
CREATININE » HEIGHT RATIO OF THE PRESCHOOL CHILDREN 

IN THE THREE GROUPS AT THE BEGINNING AND 
AT THE END OF THE STUDY
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RAGI BASED DIET GROUP

S.NO INITIAL PINAL

1. 9.5 o.7
2. 0.5 0.6

9. 0.6 1.7
4 . 0. 8 1.2

5 . 9.7 0.8
2 . 9.7 9.5

7. i . i 2.2
2 . 9.5 0.5
9 . 1.4 1.5

10. 9.7 1.1
11. 0.9 9.8
12. 9.7 1.1
13. 1.3 1.1
14. 9.9 0.9
15. 1.9 2.2
16. 1.5 1.9
17. 9.7 1.5
18. 0.8 1.9
19. 2.0 1.2
20. 1.5 0.7
21. 9.2 0.2
22, 1.2 1.5
23. 9.2 1.5
24. 9.2 0.9
25. 2.9 1.7



124

RICK BASED DIET GROUP

S.Ko INITIAL FINAL

1* 1 .3 0.7
2 . 1 .1 &0 Si
$i 1.0 2*9

1.0 1*2
3* 0 .6 1.3
6. 0.8 2*8
7. 0.9 2 .0

8 . *48 1*2

n 2 .8 1*3
10, 0 .8 0.9
22* 2.4 1*8
12. 2 .6 1*2

13. 1*6 1*2
14* 0.8 0*8
If* 2*1 2 *0
l6. 2 * 8 2*2

IT. *.7 2.2
18. 8 .1 1*2
19. 0*8 1.4
20. 2*8 2*8
21. 0 .9 0*8
22 . 0 .6 0.7
23. 1.0 0.9
24. 0 .9 1*1
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CONTROL GROUP

S.No INITIAL FINAL

i « 8.3 1.0
2. 0.8 8.9
3. 8.9 0.8
4, 1.2 8*8

5. 0 .* 8.2

6* . . . 8.9
3. 8 .0 8.8
8, 8.6 8.6

». 8.8 t.T
10. 8.9 8.2
l t i 8.8 8*3
12. M 8.8
83- 8.3 8.9
88. 3.9 2.3
15. 1.8 8»9
t l * 0.S 0.8
17# 8.8
16. 8.9 8.3
19. 8.3 8.3
to . 8.6 0.8
21. 8.8 8.3
28. 8.3 8* f
83. 8.3 0.3
24. 8.9 8.1
25. 8.8 0.9


