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I. INTRODUCTION

Health is basie to human happiness and produstivity and
nutrition is the foundation for health ({ykryd 1964):, God
nutrition i{s esasntial not only for maintainin: health but also
for oremoting growth of ohildren, partisularly during their early
fomative years of personality dawlomment,

The Jnited Nations children's Fund (UKICEF, 1080)2 has
sstinated Lhatiin the developing warld todey there ave s billiom
children under 15 years of age. They sonstitute €0 to 45 per sent
of tha population in “heir reglons. A majority of them are victims
of malnutrition. Sukhatme (19688)3 has polnted cut that in India
alone out of her 512 millions, 25 per cont are undernmrighed and
woll over half are malnourished, The food and Agricaltursal
Orgenisation (7A0, 1963)% defines undernutrition s ins‘equaay in the
quantity of the dlet, that is, im calorieos intaks, vhioh if continued
for long periods will result in laess of body weight, retarded
plysisel growth snd develomment, and redustion of sstivity, Om the
other hand, malnutrition is the result of dafisienoy of some seasential
nutrients or becsuse the total quantity of food taken iy the individual
1s inedequaie. It is & multi-deficlent syndrmse, Jelliffe (1089)°

remarks that during the rasidly growing period of infanay eand early
ohildhood, the 11l effects of malnutrition nre more serious leadingy




to high morbidity snd mortality rotes.

Halnutrition has now bosn resognised as ona of the most
wvidespread problems of children in developin: sountries. The
UNISEP (1970)® has estimated that 32 million infants and ehildren
undor five years of szs suffer from sewere clinical pritein calorie
saloutrition, The physioal and mental dasazos omused ly pHrotein
calorie salmutrition are {rroversible.

The matritional level of a nsomuunity, sspecially, that of
its highly wulnerable ywmn: children is related to mmerous
int rasting ecological fastors. It is amlbfvoly osrrolated with
the edusatinnal and soonomis osnditions of the oomsunity, avallability
of fools of the right quality and the a'equack and ascessiblliity of
the health servises (Gopalan, 1968)7 and (1964)%. e a0 (1062)?
hes also warnsd that amon: the many fectors endangering tho health
of poor childre: in India, melnuirition is probably most virulent,
Customs, poverty, lack of knowledgs, unaveilability of suitadla foods,
izproper feeding of infants and ignorence aopesr to be the couses f
of malnutrition, The tragedy of malnutrition is that besides causing
the prevallinz hizh infant mortality, it also eriniles and persanently
dmmages the groving generation,

Chandra (1965)10, Rlusod (1965)11 ard Jhatterjes (1967)12
sbeerve that anasuia is the omnonsst manifestation of malmutrition
in India, There iz a ssneral agroeamsnt that & majority of the
anssmiss are of iron deflsiansy type (Pstvardhan, 1985)13,

Jelliffe (1969)14 .xslaine that in nany troploal sountri s the



reqiirenents of iron mey rise bDeocsuse of the cumulative drain caused
by continucus lose of small azoitbs of blood, Apte (1947)15 nas
pointed out t.hat 12350 par cent of the woridis sopulation suffers
from iron defisienay,

During the perio’ of rapid grovth an inoresase in red eelis
and haemoglobin takes plese, Therefore a more liberal supnly of
iron 1s necessitated (Cooper st al, 196%)1%, sroutng ohtldren
adgorb larger amcunts >f iron than aifults if thes diste are adeguate
%o keep up normal body stores of iron (Bogers, 1.963)“.

Most of the dist surveys conduated in India indicate that 94
oey cent of the average fanilises lave a dally per sapita "letary
iron intake of 15 =g, and zOTe, hinety Hap zent have intaws greater
then 26 mg. Howswer, the main defest in these fisures, is that they
are dorived from caloulations sn’ not based on scutal andysis, The /
In'ian Counall of Mediosl deseareh (IOMR, 1064)18 and irensuy et al
1964)1%, Gopalan (1967)20 has also raised the Ades;read oscurence
of iron deficiinay enswmia, althougzh the average Indian diet conteins
a'equate amounts of iron, The main acauses of iron dsficiency are
inadequate intake, interferenes with iron shesrotion excessive loss
of iron from the body snd disturbances of iron metabolisa by inTection
or other sechanimm,

Usodraff (1061)%0 and 3rosk (1969) %7 suggsst plaaning for
petter nutrition as a remedy for mainutrition, Iducation and o

\
productivity, &1@; vith vestriotion of sopulation inoreass oan \ \

. '\k



help %o solve the problems, Adsording to the UNICP (1966)23 only
23 peroent of the enrolled supils g lete -rimary edusation, This
high rate of drop outs ocwmatles a shortage of skilled workers and &
surplus of the unskilled an'® unemplayad, Thers are no better instruments
of sosial justice than the provisiom of facilities f£or nutritim,
wedioal care and edusation, Among these smenities, the schoal lunch
serves as an offsotive sedium Cor fosterinz demcoratico prinoiples,

-~ The importance of sshool lunch has boan stressed by Devadas
and Redharukani (1964)24, weminathen (1964)25, Anandam et al (1065)28
Davadas gt a) (1985)%7, (1967)28, (1969)2 am (1068)%, >ruvisiom
of wall vbalansed measls to chlidron during schosl hours will make up
the deficioncies in the home diets and help children in owoentrating
on the lussma, .

Anandam at al (mes)'é and Nirmala g% gl (m_ge)sl have shown

gresn lealy vegetadles to ve good soura:s of vitaains and minerels
in Indian diste, The natimal Institute of Hutrition has indicated
that Yy encouraging the consumption of green leafy vegetables, whish
are inexrensive but rich sairaes of srovitamin A, the inoidence of
Vitamin R deficiency san be lowerad consideradly amoni the pooe

omuunities, (3salen and Vijeyaraghavan, 1965)°C. Green leaty
vogetables have additional a‘vantage of being rich in irem, carotens,
folio aoid and Vitamin 8, Thay are avallable -u;gann,y throizhout

the year, (Jemes and ‘aden (196?)35,

nly a fevw investigations have been carried out to elidlt the



sources of iren from low cast foods, This investigation aime at
sameasing the awsiladility of iron surplement from a green leafy
veptatls axarsntine 3 \fhm, in ommparison vith an iron aald

and a solloidal iron souros to sdhoal shildren, vho ware partistigating
in the midday msal programas, Tho offead of the surnlements on

ths nutritional statuas of the seleotad ahlldcren was assesszd thraugh
the changes in their heizht, wizht, hltguoglobin leval, Re! Hlood
Jell count and “acked Gall Volume,

%



I, REVIEW OF LITERATURE

The literature pertaining to the study is reviswed under the
followlng headings,

A, ™e major nutritional oroblems prevalont in children

Be Assessment of mutritional status

C. Pactors influsneing iren absorption and utilisstion

D, Efficaoy of iron sup)lesentation

Wi sl ‘roblems Frevalent in Children
“ecer gt al (1967)34 grates that malnutrition, particularly

in young children, is a major nublic hsalth )robles in many areas

of the world, UNICEP (1968) views that malmutrition smong children
in In‘ia as a major killer, Undermutrition in infansy and childhood
osuses inevitadle damage and orevents the ehild “rom attalning its
full sotentisl ss podnted by Hein ot sl (1267)38, ieuw et gl (1067)38,
Suesinathan (1968)%7, serg (1964)38 and Reo (1960) %,

The diets aonsuned iy & large majority of lov income Troups
of the population in tonnl tronioal sountri:s sre defisiont in
variocus ummtjxlttlns sush as proteins, minersls and vitaaine,
FAO (1962)°9, Sorinshev end ehar (1961)90 and Irowell gt al (1986)%1,
Toe mutrition survays conduoted in several parts of India ty Aykrqd
(1942)42, Glirgy (1951)4%, Mitra (1053)%, 1OM (1981)%5, and
Redhakrishne Rao (1958)40 ghow the lnmdequacies of the diets, as well
as the prevailing nutritimal deflsiencies mmong children of all

[
stages, from infay.



YAteain 3 Defiolencys

Peficlency of vitemin A s videspread smong shildren in tbo )
tropies and sub=troplos including Southern Indis, UNICZP (1963)% |
Molaren (1964)%3, Pate (198%)% and Halder (1968)50, iarwana Reo
ad Josoph (1960)51, Autret (1962)5%, sen (1962)5% and iyirqyd and
Deaghty (1964)5% noted that protetn malmtrition and vitemin A
defielonay wers the oracial problema harsssing sohool ehildren in
Asia, partioularly in India,

The prevelonss of defisisneins of visamin A as sianifested
ty merosis, nightblindness, 3itot's spots am!’ keratanalasia hag obeen
rovealsd by the survyy of Joreswura {eo (1961)58, Malaren (1961?)55
stateg that s deficlenc; of vitamin A has heen and orobably still
is, tho most importent mutriti-ual disorder affecting tiw eyes,
resulting frequently in blininsys,

P 3 b p

Jaokson (1962)57 pegards protein mainutrition as the most
vide spread nutritional prodlwm in undar devsloped sountries., On
a global scale Lwoethirds of the world's populaiiom suffer fram this
ralady (Sandw, 196%)58,

Sopalan (1957)%° emitisne thah vhen thure 1s a shortuge of
sraximste principles in the ohildren's distaries, twir growth is
retarded and some of the body fun-tious are lmpsired, uuserating
the most important signs of malnutritiva in youmg ohildren, Jelliffe
(1568)° omphasises lov, stationary, or falling body weight dus to
grovth fa_lure resulting prinsipally fras laok of proteins and



calories, assoeclated with laock of other nutrients and with the
oumulative offect of infection end parasitio discese,

Gooalen (1965)% waris thres major etisloglosi fmotors whioh
contribute to orotein celaorie zalnutritien « (a) non-availabilityof
suitable protein due to scoio-vsornomic and agrouomical factors,

(b) Caulty feeding hebits arisiny fror ignorancs, prejudices amd
superstition, and (o) widitional strese hy way of infaestion and
infestation,

Angomiesg

Xutritionali snesaisz sonstituts: a ;ublic health problea of
eonsideraule importancs in Indis Sood (1987)81, agoalan (1967)19
and Indian Pediatrics (1983)%%. In India anaeatas msult from
finalequecy of the hsemopoetid nutriexta, irom, folic edd,

Vitemin Byp end protein., Theze ansexlas sro partiocvlarly comnom in
grwing ohildren end in women in their renrodustive periods of
1ife, vhen the requirements for tw hasmofpostio mutrients am
inorossed (Chatterjee 1587)33,

satvardhan (1966)64 is ot:;;i.nion that enamia 2ay result
from dletary defloloncy, poor absarpiion and utilisation, inereased
losses or inoreased requirement such as thai wmecuring in pregnancy,
Areg Daficlenay Angemia:

Iron deficiensy reorvsents a major publiz health Hrobles,
Zgtimate’ to involve several mundreds of aillion zeonle 1ln the
vorld today, ths incidence of ansssia has Dran reported to vary
froe 10% to even 50% (Sood 1967)8%,



Yumerous hasmatolorical and nutritiom survays oarried out
in tho last throe dedades have brought to Light that Aiffarent
types of anemian of varying degrees of severity are prevalsnt in
Indis, the cammonest kind is irem deficienoy snaemia Patwardhan (1966)84
Pandit and 3ameswvars Rao (19580)85, Coelho (196!)35& renarks that the
most importent cause of ansemia in ohildren in Indie is insufficient
protein and iron nutritim,

inasmis oan coour as a result of Hrimavy distary deficienqy
of iron, inoomplete absorption of iron from the zastrointestinal
traot and increased lossas Lhrough oleeding as noted Wy Pqr and
Randi (1957)87, 7oy ot al (1985)8% , Severs fron cefiotenmsy during
early growth may lead to a tissue desletion of iren sontaining irem
dependent engymes vhich may be associated wizh secondary phencmenan
including ansorpéion (Matrition neviews, 1980) %9,

Gopalen g% al (1963)70 re)-wte that spproximately 60 per cent
of the savoral hundrada of preeschool ohil?rsn surveyed in veri-us
parte of the sountzy tawe ahswn hasmoglobin level iess than 190 g.

per cent. In India axi other dewsloping countries wvhere there ia
high inoidense of malmatrition, gasiroenteriils and parssisio

diseased cesns of severy anssaia wita h emoglooin less than 8 g,
per oent, are Crequeatly sssn in pedlatrios practices - (Daial g% sl
169) 71
8, Agossawent of hyimitional Jieiyar

is polated cut by Sorisshav (1982)72 tha ussesssent of nutritional
status ia necessary Lo dafine huzan nutritisnal s>robleoms and to
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guide the prectical efforts toward their solution, he mutritional
status of a population is influenced Yy many factors sush as geography,
agriculture, transportaion, education, ssonmics, social nomms,
infestion and parasitic diseases (Sahasfer 1060)77,

Davideon and Passmers (1965)74 have listed the followving
methods for determinin: the mutritiomal status of children,

1. Anthropometric -;mr-oato

2, Moshwmical investigutlims ; | o

3, Clinical oxsmination

4. Dist survwys ,

Martin (1968)75 esphasises the uss of thn adove four methods
in oombination, . - .

Jelli?fee (196:)7C states that anthropometric measurements are
soncerned vith the meagurements o the variation of th: physical
dimension and moss oa-.po-ltlon of humen body,

* The body measuresunts commonly stilayed in anthropometrie
measurements as snumerated by ilngh and Tenkatachalas (1962)77 and
Martin (1963)75 tnalude height, weight, sitting height, length of
ars, index of chest, hip and shoulders and skin fold thickness snd
airoumference of head,

e earliest surwys of matritimmal status campared recording
of body weight sorrelated ulth height, age and sex (Albmnese 1989)7°,
Sinoe height and weight measurements for age provide the simolest
index of nutritional status, these meczsurements osnstituted the



predominant point of the physioal examination (Mooks, 1067)79,
2. Jiochemjoal Methedes

Schasfer (wea)” asserts that biochemical firdings are
extromely valuable in assonsing sub-optimal mutrition where physiocal
aymptomology csnnot bs recognised, “hemical methods offer the
sost objective means of sssessing the nutritional etatus. Unlike
eclinical nm;.onu. they are not influenced iy the person saking
the test, as stated by Jeliiffe (1986)78, sohssfer (1960)73 gna
rustall (1063)8%,

Arrayave (1960)92 dllusiﬁ& the bloohenickl methods imto
the direot methods or those messuring the supply of nutrients
snd the indirect method which detest the di-shemical shunges vhich
reflect the metabaolic slterstions,

Krehl sod HAges (1965)93 point cut that in general,
heemoglobin level and hasmatorit have bsen well sacepted, Hovever,

the suray data sscusulated for those values present little ground
for controversy. Bao .(1989)39 maintaine that estinatim of hasmo-

globin and blood serves as a usefuid index to assess the mutritional
status of a population,
8. Clinlcal Assesswents

Gopalan and Somesvara Reo (1961)89 rewari that oclimieal
sssessaent of malmitrition has gsined particulur importance ian India
dus to signs of frank defiolency, Martin (196%)70 gtates that
physical examination of a ohiid provides a means of obtaining en

ostimate of his net state of mutrition,
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Plough (1962) 85 gamsiderss olinical examinaion as the: 3tmplest und
nost basio »Hrocedure to evaluate huran nutritimal st.a?;c.

Johaofar (1960)73 ooines that distary studies constitate an
essential part of any complets nutriti-m surweys but Hollingworth (1960) %€
visys that matritinnal stautus cannot be asses:ed Ly dietary means alone,
Distary studies holp to evaluate the adequacy of the oxisting dint and
the fundamental causes of ary ina‘equaqy (Jelliffe 1062)87,

Dist surweysserw: as ixportant gulda lines to know the existing
and problems with reqard o fod intake of individuals andgroups and
the vays and moans of improvin; the, (Usha snd Devadas 1964)38,

Jeiliffe (1986) 78 stresses that the preliminary planning of
surveys mustbe done in sucsh a way thatonly dats that are strietly
necessary vill be odtained, The amount »” information to be asquired
is less important than its guality and melovancs, ™he prineinles and
praatiocs of hausehold food consumption survays have been very fully
sovered iy Hallin:worth (1960)88, pen (1962)%, Devadas et al (1964)%0
(1966)1, and (1960)92 and IOMR (1968)%5, Difficulties in the ues of
food sousumstion tables ariso frak wariatim in teshni:gos of food
analysis, reglonal diffarenc:s in oomposition of food (including moisture
content and mothods of preparation) and M&st that faods may be
inoluded (Asenjo 1962)9%, Analysis of foods prectiscable on samples chemicslly
preserved and brought back to the laboratory (Wilson gt el 1964) °°.
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C. [Imators Affeqting Iron Absorotion:

1. Distexy Faqloves

Phytic acld is a sommon constituent of vegetables,

Dietariess vhich are cereal based contain large smounts of phytates
vhich appear to interfere with the absorption of iron and thus cause
tron deficlenay (Conred 1967)%, Ircn sbeorption may fall below
30 per eont in diete with a high phytate asntent (Turnball ot al
1962)%7, Wokes und Vesey (1965)98 and Nutrition Reviews (1967)%,

Hussain and Patwardhan (1950)190 found that atworption of iren
was less than 7{ vhen dietary iron intake vas 22 mg. and the shytate
in the diet was 408, Apte and Venkatashalam (1962)101 observed
that the safe lewel of iron intake on & cereal diet 438 plytate would
appear to be somewhsrs between 17 mg. ~ 21 mg./dxy.

In human studies absorption of Lron in food wes found improved
by the eddition of ascorbie aold Jorton and Bradley (1980)19%, 3ratge
and Hallberg (1962)105, Apte and Venkateohalem (1965)106 apd
Bothewall gt gl (1964)105,

The role of assorbic acid in the metaboliism of iron as interpreted
ty various vorkers is as follows: Acsording to Moore and Tubachs (1952) 108,
1t insreases the absorpbion of irom fram the m{iatmuml trest, It
1s essentisl for incorporation of iren into ferritin (Masur gt gl 1060) 107,
It is oonocemned ::kt::;aport of iron soross reticulo endothelial eells
(Bothwell gt gl 1069 108, 1964)108,

Iron absorption may bs influsnced bty the protein intake, and
distary protein of less than 15 to 18 per sent has heen showm $o
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result in impaired iron absorntion in rats and {t may also be
influenced ty the smino agid sompasition of the dletary nrotein,
Klavin ot a} (1962)17% and Retsmann (1964)110,

There are many gnod evidenaes that iron is oetter absorbded
in the ferrous state than ferric in man ss shown by Apte (1067)111,
drown (196%)112, Duksworth (1063)113, James ant Paden (1967)35, Tough
the maunt of irn in the cody in small its fowmation is very
importent (Sherman 1065)114,

Iron deficiengy snasmia probably plays an important role
in production of secondary folis acid defisiency. The defect in
folate metabolism was the result of tho decreased activity in liver
of the iron dependent engyme, formsmine transfersss (Vitalle gt al 1966) !
. Irm icesems

It has been assessed that a single bhook worm ingests from
0.58 ml to 0.84 ml of bdlood daily representing a great loss of protein
and iron, Rediolsotopic atudies with shromium taziged red blood aeell
have shown that patients with heavy hookworm infestation oan lose up -
to 2850 ml or a quarter of a litre of blood dally and upto 29 mg of
iron 4in the gastrointestinal tract leading to direct iron defliclienay
anseaia (Patwardhan gt al 10e9)}d

The loss of iron through sweat has been claimed %o be me of
the fastors in develommentiel irom deficiency in the population as
stated &y Poy gt ak (1958)% and Parein (1960)117,

Pinoh (196¢)118 carried sut s etudy using PebS and Pe™® on the
absorption of iron from the intestine in 31 norasl human subjects and
in 34 subjects wvith iron defici-moy using wheat tagged wvith rediowstive

15
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iron labelled haszoglobin, The iron absorption in normal sabjeots
evalisted by agourate isotopic method ghowed a ca'i:tmt and marked

variation betwesn one another, vhich correlates vith variation in
their irob stores when needed,

P

Melurdy (ms)m cospared the effectiveness of orel and
parenteral iron therapies in patients severely dofleient in iren
in the form of ferrous sulphate and intrsvensus ateinistwtion, He
found no adverse resstion %o orally admiistered iron, although ame
patient aphrarently failed to absord iron from qutfo&nmtiml tract
and later responpded to parentally sministsred iron. |
Pritohard (1966)'* has shown that ferrous sulphate, ferrous #
fumarate and forrous gluoonste in supolying 180 to 220 mg. of iren
per day resulted in inoroase in hasmoglbin ooncentratlon which ves
%.28 g/100 ml, per dwy.
Perrous glusonate and other sigple ferrous salts of organic
redical m less concentrated sou-ces f iron snd are said to produce

fewer side effeots, suoch as gestris irritation, Chelated ,iron which
is the latest fuw studied hus been shown to be less toxic than

forrous sulphate , Various losal side effeots like skin discolouration,

lacal inflammation, vith lower gredisnt abdominal pain have besn noted
wvith intresusoular injection of iran oxidation somnlex by Joodman and
0illnen (1965)1%1, Chandra (1065)10, and Socd (1967)%1. Wilsan and
R masvany (M)m report symptoms of nmusea, vomitiing, excessive
starvation, smosing, patn in neck and beok folloving parenteral iren

therapy.
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Basu et al (1968) 125, qarlton (1964) 12¢ Flhence ot al (1866)1%8
Murohasins and Waltersstein (1964)1%8 guscessfully used single dose
of intvavenus iron dextran in sestinz iron defislency ansemia,

b




III. EYXPTRIMESDAL PROCIDURE

Ths aim of this study is to compare the contribution of ireoa
ky smaranthus flavus, solloidal iron and iron salt as daily supplements
in a school lunch programme, Tho oxperimental proocedure had the
following i+ stepsse

A, 3elsstion of the achool

B, Salection of the subjacts

C. 'vmma of the menu

D. 3Standeardigation of cooking and gerving prossdures

B, Selection of suoplements

¥. Analysis of the home diet

G, Zwaluatiem of the nutritional status.

A Sslestion of dehooly

Sri Sareda Tevi Basic 3chool was seleotod because sariier
nutﬂttw studiss had been carried cut in that school, The staff
and the smthorities were familiasr with the restricts. Thay and the
ahildren were williag to oooperste, ’

B. 3eheoticn of the Subleqtss

The age, height, veight and haemoglobin level of all the
obildren' in the sohosl were rocorded, 3earsh for the presence of
hookwers aysts was carried out in order to seleot children without
them, Thos: childrem who Sock irm tauic et home were also exoluded,

Seventy two ohildren ocomcareble in age, sex distribution, height,
welght, basmoglobin level and frsedom “rom hookwors infestation were
selacted an? divided into four gzroups of eighteen children eash, A

somoarable grous of eighteen shildren who wors not participating in

- . P ———
e

bt
AN
.



the sshool lunch were seloted ss the csntrol zroup. These five groups
wore designated as 3y, 3p, Sg, S¢ and 0 and had thedilets as spooified
in Table I,
Table I
CODES AMD DIZIS ¥ THI 3.LRCTID CHILDRRE

e R ———.

hmber

Code of children Diet

8, 18 Sohool lunsh + ‘maranth Supplementation
8, 18 Sehool lunch ¢ Collidal irom dupplemente~

tion

8g 18 3ohool lunch ¢ Iron salt supplement-tion
S4 18 Sehool lunsh ¢3asal Diet)

] 18 Hon school lumh (Contrsl growp)
A e S T N RS
G, Zommylgtion of the Henus

he menus were planned on the bagis of the existing lunches,
Ihey consisted of a cereal preparation, a dhal and vegetable 'Xootu'
a fruit and 'Payasem® vhish is & swet prsparation mads out of 2SM
ar! jagg vy as shown in Mble II,
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Table III presents the cost and guantities of foods msed for a lunch,

mar 11X
JUANTITIES AND OOHT " PO DSTUPFS UNED PRR OHILD PER MEAL

!;-uf!; a:;;ty Cost

A (g) (pe.)
Rice "™ T.8
Jlugar wvheat £ donated 4y CARR
Red grem dhal 2 2.3
Jaggery 10 1.2
Jarrot 20 2,9
Skim milk powdor ] -
Salad oil 10 donated hy CARB
Sel3Me 20 donated by CARE
Papayye 20 1.2

Total 15,0 ps.

R R S R N N e T RS A AR
The cost of the inzredionts was ealsulated on tho basis of the
existin: prices in the super market,
Rioe was giwn for three days and bulgsr wheat on three days.
The tytal ocat eomes to 40 pe. for five days, The sost of one nnl'_
per day is 10 ps. Mo menu vas plannad %o moet on thiwmd requimmil
of She ohild, The nutrients supplied by tho lunsh in sam-rarison with
the daily allowances reoommendei by ICMR (1988) 127 are given in rable IV
and detalls in anpendix I,
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D.

The weight of the raw food for the nunbder of ohildrea preseat
vas recorded, Then tha total welights of the oooked food was recorded,
In order to facilitate easy serviag the smwunt given te eash child
ves standardiped in meas:iring eups,

E.  dslooticn of usalewstes

The basal school lunch wes oontrallod in such a wey that it
supplied only 7 mg. of iron per meal per child per dgy vhich is
on third roquirement of iron as macementsd by IOR (1068)127, e
smount of iron provided through the susslementstion is 13 rg, of iron
and together this smcunt of iron meets theavera iron requiressnts
per ohild per day for children of this age group.

1. Mmarsgtiue Flawuss " !

The greens chosan was -‘:mshm flavus, because br its yoar roum
availability, choso sources of iren and could bs easily used in the
dietaries of ohildron. No significant difforense on proftain, salcium,
phosphorous and iren sontent of -‘::mthu on seasonal veriation was
noticed ty Tevadas gt sl (1969) 15, The amarenth seleated vas analysed
for its iron aontent snd was foind to bs 25.05 mg. per 100 gm. whiocMis
spproxdiaately the seme as the results given by IZMR (1968) 129. Therefore
82 jig. of fresh emranth was aocoke! and sujplemented te eash shild vith
the luach, in order to get 13 mg. of iron. Weslkly analysis of the

omarantius flavus for irom aontent vas earried cut for quantititite

Por iron tonio supylementation 'Colliom*, & eolloldal iren

hyvoxide with copper, cobalt and manzsnese vhich is a non irritant
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form of iron was soleoted, IUL has & ploasant flaveur, easily

sssimilated and non constipating, The formula is given in Table V,

TAZE V
PORMULA FOR IH2 IRON TONIC

Somposition Amount
Calloidal iron hydraxide 8,78 g.
Sopper Sulphate . G mg
Cobalt sulphute 3 ng.
Man zanese sulshate S uge

Absolute alechol 5% = 7% v/v
The iron tonic wes analysed for its iron gontent, It vas found

to contain 390 ng. of iron per 4 ml of the tonls, Pour ml, of the
tonie were diluied to 80 ml, with water, of vhich 1.7 al were given
delly for eash ohild,
galanlations

1 81 of the tonic contains 97,5 mz, of iren.

4 ml of the tonic oontains 300.0 mg of iron,

4-1&.:1}11“«! to 50 ml.

m-{;. afiironl.cpmonttnﬁonl.
* 15 mg of iron is present in 1,7 nl,

Tonio wss nwde up dally with fresh water,
2.  Iron asit sicalemsntetion:

Por iron salt supslemasbetion ‘Fewsolate' tablets of ferrous
sulphate with cooper and mangamese wes selected, The tablet vas snalysed
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to estimate ita iron o;mmt. and vas fount to oo_:xhin 61.93 mg, of
elemental {ron, The tablet wvas powiered ud the ;uant‘uv required to
suprlement 13 mg of iron was saloulated, sscurately weighed and
packeted in butter seper. This was given along with water to the
ohildren after the lunch, The omposition of the tablet is given in

Table VI,

TBE VI
IMPOSITION P BiGH TAALET

Conposition . - Amount

Dried ferrous salphate I.P, . ~ ' 06198 g
Copper sulphate 1.2, ) - : o ' 2.8 ng.
Manganes s.ilphate B,P.C, Toee Tt R 2.6 ng.

T —
7. Analyeis of the iloms Diet:

Pour days £7od wiighment survey was carrled out forfiie
rendomly selocted children from sash group. 7ne tenth of thatotal
food solleated from sash group for the fomsm days was used for
enalysis (IogKD) (1963) o, ,

spotein vas caloulatsd from Hitrogen satimatad by Kjeldhal

rnethod (AQO.LGQ. 1960) ul.

irams
32

1
Ivon wes estimated by Wong's method (Mawk et al 1084)
calofume
Calefum was estimated ly the method of (Havk et al mﬂ)*&
v T . | h

It m;ut;uznd ty titremetric method. (Havk g% sl 1954) 132,



G. Rvsluation of the Mutriticnal Jtetua:

The improvement in tho_ nutritiinal ¢ tatus of the children wvas
evaluated using the fellowing criteria. |

s, Haignt

b, Weight

e, Hasmoglobin estimation

d, Pasked sell volume

e, Red blood cell sount

f. Clinical Assessment,
Helghty

e height of all thechildren ware recorda! by means of a
vertiocle meisuring scals fiwed to & wvall, After removingthe ghoes,
the subject was made to stand on a flat floor by thepoals with feet
parallel end with heels, buttooks, shoulder asd back of head toushing
the soale, e arms hanging at the gides in a nataral manner (Jelliffe
1068) 78, | '
Welghty

Yeight wvas resorded fortmights, for a’l shil 'ven by means of a
portable weighing Scales, +Jelghing should not be done after a full
meal, theoritically the bledder vas em)tied prior to measurement, The
subjects wers made to stand in the centre without tauehin: anythinz,
pare footed with minimus olothing (Jelliffe 1088) "%

The hasmoglobin lewsl ves determined fortaightly from the finger
t1p bloo! by aynemethe hesmoglobin method (T 6N 1063) %, Jelltere

(lm)m quotas that fllter paper mathod is one of the best applicable

mathod in fisld araea.




. Two ml. of venoua blood drawn from six ciildren rendamly
ssleated from esch group was used for these estimations. POV wes
deternined using wintrobs tubes I JNiD (1963)1% and REC oount wes
determinad Ly using Newbsusr ruled o-unting chamber (Bua‘ud Taylor
mg)”‘. These estima:dlons were done both at the begimning and end
of ‘he study, i
¢linical Assessments ...

' Clinical sssessment of the ehildren was ocarried out at the
beglnring snd end of the study perfod with the help of & hlyeloian

using the sahedule prepared ty ICMR (Appendix II).
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V. H3SULIS AED DISOUSSTN

The results of the iuvestigation "omparison of the comtmibution
of iron by emaranthus, collaidal iron and iron salt as delly supplemsnts

in a sshool lunch programme® are presented and disouused undor the
following headings, .
A, ¥datrients i.atnb; of childrea,
1. ?rétotn
2, Iron
S. GCaloium
& lsoowdle detd
3, Rutritional status of the childrem,
1l Height
2, veight
s w;chd Indices
, ¢ olinteal smmineticn,
A. Datrisst iafeie of shiidmens
The mean protein, lrom, calolum and asaorbie agid intake of
the seleoted ahidlren m sesh zroup obtained fr-m the analysis of
the four days pooled sample is presented in Table VII and the details
in Appendix III,
1. Inteke ol grotelst
' The whole days 4ist in all the five grwups provided 21,84 g,
to 41,77 g. of orotein (Bifure 1,). Ths whole day's dlet of
experimentsl groups S) recoiving greens, provided 41,77 g. of protein

wiaich wes the hAlghent wmong all the five groups. The groups 3@
receiving iron tonic with school lunsh outained 358,82 ge of protein,

which wns higher than the smount of srotein reoeived iy the thme
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groups 3y, 3¢ and C recelving schol lunch plus sdlt, only basal
diet and non achool lunch respestively, The group G vhish was not
participating in the sch0l lunash revsalved only 21,54 g. of protein
vhioch is less than the amwuntis reseives by all the sther four groups
81, Sgy 35 and 34 . The protein obtalned from the whole day's diet
by the sroups 34, 3p and Sg met the allovantes recommended by IUMR

( mg)m but group 34 and C 414 not meet tha allowansce of praotein,
The home diete were found to sontain yratein vhich ranged from 21,84 g.

to 29,60 g.
2. Igtake of Lroms -

The vinle day's diet »rovided 9 43 ng to 20,80 mg of iron
(Pigure 2,). Oroup S4 recvived 6,47 =g and 8,5, :7, of iren from the
home diet and sohool lunsh ragjectively, The children in exporim-:ntal
grups 34, 35 and Sy reseived 11,30 mg, 10,54 mg, and 7,66 mg frw
their home dlet res motively, In addition thay received 5,5 mg of
irvon frm baizal diets and 13 ng of iron from the supplements, Groups
0 32 d 8, received the maximue amount of iren, The amount is
ocaparasle with the MR (1968) 127 recommendsd allownces for irom,

the whole dey's iror, ad-aon-ccnmt:{ponpa 34 and 0 was found to
be 11,97 mg and 9,43 ag, respeotively which was lower than that of
the ICMA recommended allowences for iron,
S. Iateka of Calojums

Home diots of childrem in all fiwe groups provided caloium
which renged frm 0.33 g. to 0,839 g, cmparadle .vith the
recomnended allowences of ICMR (ma)‘” (Figure 3.)¢ e exrerimental
group 34 received greens sunplorents obtained the highest emcunt of
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caloium 0,839 g, out of which 0,22 g, was privided by the sshool
lunch, The groupe 84s 330 Sy snd C met the sllowences for caleium
recommended by the ICMR (M)m exoent the group 8¢, becmise the
snount of calalus provided bty the home dist was very low,
4. Inteke of AsoQrblg solds

The asoordle axld provided ty the hame diets for all the
graaps renged from 5.2 ng. to 6.8 mg, (Bigue 4,)., In afdition the
groups 3,, 3!’ g and 3‘ regeived 9.57 mg of ascorbic asid from
school lunch, The analysed walues oblaine? weares4 low which mey be
dus to cooking lossos,

Though the asaorbio acid provided by the whole degy's diet
does not aset the recmmends’ allowanc:s of IMR (ma)m the
groups Sy, 39, 3y and 3¢ redeived a higher ammunts of nsoorbic soid

L}

than thsgyoup O,
le [isights
The mean height of shildren in the five groups is given in
Tables VIII, and the detafls of thelir heights are given in Appendix IV,
Inovesse in height vas reglstered by ohildren in all the
groups. e higheet incresse in height wus registered ly groups
3, and S, and the lesst ty group G, fOrmapsSy and 3¢ registered
alnost similar increased in height. The 'F' values for the increase
in hefghts for all the five groups aampared is given in Table YIII,
The d etails of statistioal appraisal sre given Appendix V,
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TARLY  IX

'P! VALUR PR INORIAS® IN MZAN HRIGHT W SHILDARN IN PIVZ MOUPS

HBIGHT IN CM.

Code = S g Variange
Initial Final Inorssse P fest for groups ratio!P?
3y 112,9 » 116.5 ¢ 5.47 » S33w¢C 20,.92¢
0,58 0.62 0,220 S, va G 20,420
89 116,0 ¢ 119,44 ¢ 3,44 o Sgvac 18,43%%
0,80 0.49 D.449 . 3‘ vs C 18.““
8y 113,8 + 118,85+ 3.2 ¢ Sg ve S 0.9997
0.58 D48 0.211 8, vs Sy 1.02¢
0.81 0.47  0.15 8o ve 3¢ 1,108

T ——
" 3ignificant at 0,01 level

The mean incr-ascs in height were signifiocantly greater f-r all the
four groups 84, Sy, Sy and S¢ than the group C, not partioipatin: in the school

lunsh, The reagson for ihe higher inoreass in heighta of the grouse 340 89 8 g
and 34 may be dus to the heighor intake of srotein than the graup S, The group
840 8 gand 3¢ algo received higher amounts of calcium,
B elghtr

The mean weight of the ohildren in all the five groups is given in
Table X. The fortalightly record of weight is giwen in Appendix VI,

The highest inorease in weight was reglstered by zroup 84 and the
lowest inorsase in weight wvas rogistered Lty group 8., The 'F! values are
presented in Table XI, snd the statistical aporaisal is given in Appendix IV,



298°C

088°C

$95°C THL°O

LLS®C 49S8°C

€IL°C  S¥8°C  439°C

0@3°C

T18°C

68%°0

sIenotyaed

RO S SHARCH XIE ZRl CNIEOC MBUAYIHD & JEUIZFE PREFCIEENCS RYEM

I svEev

$CB°C  $TL°6T 96T *PL 6T IC6°6T +59°6T +BL°6T +OB°CET +GP°CT +OP 6T <B0°ST +0°ST +66°6T TocYO® uoR 5
SOC*T  POS°C  =Y4°0  9T2°C  S48°C O0HF°C $29°C 928°C 829°0 956°0 (89°C <29°C  P¥E°C

2°T  SLG°6T 0BT LL°GT +G6°6T ¢C6°BT <UB°6T ICE°ET STL6T 69 6T I§L°6T $CS°ST  *L.°¢T so1p oveg Vg
B8°C  IUL°C TR0 OML°C  PBE°C  699°C 89S0 GL9°C 9OL°C  $62°C £99°0 (59°C T136°C aTes woxy
TUNT SCLO0Z BS0Z <080 W9B°Ce TICCZ 9B 6Y IPG°6T SG°ST SO0°CR 66T 59°6T Ige°6T ¢ youmy tooyeg g
STL°0 OBL°C 6S2°C  G29°C  GL9°C  §£69°0C $8L°0 499°0C S$W°C  &RL°0 ITL°0C  6IL°0  Tee0 o3woq U0XY
VSE°T  SOGCR  BULU(Z  SQY°GZ  $9C(Z SSE°GT <G 6T SUE6T OL°6T +T9°6T 19G°ST oPE°GT ILG°BT ¢ ycumy [ooyos g
BIZ°C  6CI°0 $TL°0  299°C 292°C £96°C 290°T  9E6°C SL6°C  OLE°C  GPE'C  989°C  Q9T°1 suseur,

ST V4902 VII°CE STI°CT TLCCE 04T SESTET SGRET SKE°GT +83°61 SPIGT S@C BT eGGET ¢ USUMT TOuDS g
om P14 144 ot 6 8 L 9 S ’ g P T Qowny 370qe  8poo
-exouy 83 uy 11



TAE II
'P! VALUE FR INCRASY [N MEAN Wil3H? ¥ CHLJRZN IN PIVZ GRUUPS

& e N
Weigzht in Yilogrm

Codo - o Pt tast for Variance
DInitial Final Inoresss groups ratio '
S, 18.86s W.ETs 212 S, wC 658w
1.185 0.809 0.268 Sg c 1,849
82 m097 : 20.90 : 1.83 3 83 b ) c 3.1!8"
0.561 0.760 0,718 SgveC 1.989
3, 19,23 : 20,70 : 1.47 : 3‘ s 81 3,288+
' 0.521 0,712 0.320 84 vs 3y S.4120=
S‘ 18,77 19,97 » 1,2 ¢ 32 s Ss 1,967
0.044 2504 1.006 51 v8 88 1,318

w
o0 Significnt at 0,01 level
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The difference betwesn the mesn inoresse ia veiits wore
signifioant at 0,01 level for the groups 35, Sy and Sy over the group C.
Though the inoresse in weight for group S4 wss higher than the roup 3
the inoresse wss not statistifally sigifiosnt. The inorsase ian weight
regiatered ly group 3, was signifioant at 0,01 level when cempared with
groups 3g and 3,

The higieat incrosse in weight regisgtare? ty group 34 over the
othar grou s may be due to the higher intaks of »matein and ealolum
ressived 4y this graap from the vhole day's dist wvhioh includes the
home diets, sohool lunch and the amaranthus supplemsnt. Studies
sonduotod on suvplenentary feeding by Tensil ) (1045)134, Maere (1956)1%5,
2dvard gt al (1956)1%, subrenmyen g3 al (1960) 1, Poratsvamy ot al
(1961) 1% grurpalekar (1964)1%, Dorstevanyht gl (1964)140,
Parthasaraty (196¢)141, peveles and Radharuiment (1964)%¢, Rao ot al
(1965) 142, Devadan ot a1 (1066)%, (1967)%8, (1969)%® and (1969)%0
have shown that additim of extra nutrienta in the diet increases the
growth of ohildren,

8. dasmatologicsl Indigess
daenoglobins

The unean incresse in hasmoglobin registered by the children
in all the fiw groups is glven in the Tsble XII, The fortaightly
record of haemeglebin {s given in Appendix VII,

The children in the groups 33, 3g, “zand 34 regletered a
s higher hasmoglobin level than the grou> O, but the highest insreass
in haemgglobin was registered iy the greup s‘ receiving amarenthus

supplement,
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The higher inorease in hasmoglodin may be due to the higher
intakes of iran from the home dlau.‘ school lunch and iron supslamentation,
The study condustsd by Keinlier an’ Weintraub (1968)143 hes shown
that the abgorption of iron itself may bo relatiwly fmpaired es a
result of low intake of iron previsuely, he higher inorease in
hasmoglobin registered by group 34, ip, 3y and Sg may also e dae to
the atequate smounts of distary protein whish is Muw to inorosse
tan hasmoglobin level (iethas and Stane 1967)1%, nietary ascorbic
acid enhances iron alworption as shown bty Sratseand Hallberg (1962)
sote and Venketeohalen (1965)10¢ and Rajalekstml et al (1067)145 ana

108
’

the higher intake of usoorsic wid by the groups 8y, 39, 3 gand 34 ngy
be ocsuse for the higher inorease in hsemoglobin levels by these graoups.

Among the experisental gr-ocups reaeiving iron sujplementation from
smaranthus, iroan vonio (soliiron) and iren salt (ferrcus sulphate)

the group 3y receiving mmaranthus registered the highest increase in
hasmoglebin and the reason for this may be as put forth ty Xinaman (1968)148
and atrition Review (1967)147 that the abmarption of iron, caloius snd
phosphorous is dependent upon relative am-unts of each of these
substanses in the dist, and slevatod lewl of oral irom therapy only
(ss in the oase of iron tonic and iron selt) decrsasss the availability
of iron due to the absenss of other sutmugunghum«mh. The benefioial
offact of extra dietary caleium in iron absorption in human being has
been strensed by Apte snd Tenkateohalem (1964)1%%, The 'P' values

for the groups compared is presentad in Table XIII and the details of
statistical enalysis of 1s given in Appendix V,



| TAMLE XIII
'7' VALUE PR IICREASE IN N:AK RAZMOGLOSIN OF CHILDREN IN THZ FIVE GROUSS

T SR N—
Hesmoglobin in gmo nl, Var ratio P

Qode -Tmitial Fioal Inervase
| 0.2 0.187  0.168

8y 10,48 12,00+ 185« 2.2
0.486 0.114 0,128

S5 10,00+ 1,98 1,3
0,081 0,084 0.084

84 10,32 ¢ 11.80 & 1,28 »
0,303 . 0,74  0.188

¢ 1DSSe 1,70 1,155
0.188 2,108 0,088




The mesn inoreeso ia hessmoglobin rezistersd Yy zroup 34
over that of the othar greupe, wvas not statistically significant,

As the initial distribution wes done on a oompletely
randenised blook deaign, thelr differenses within groupe is hoped to
be unifors in all the experimental groups, Mo iron content of the
whole degs diet of the supplemented subject is in the range of 23.15 mg.
to 20,80 mg., #o ewn if ans of the scuros is not utilised sroperly,
there is & supply of more than slequate quantity per day which would
maks the poor quality insignifioent,

Similar study based on iron supplementatin wvas earried cut
last year in ths samo schoal. Most of the children seleated faor the
pressnt study had been regeiving arund 20 mg, of suppiementation of iren
per dgy for & pericd of six months. This would hawe saturated thelr
iron stowrea, and ingestad iran is stored and retained in t:ho body unlike
proteins and vitamins whioh are excreted,

Coxrelation curver

The socurcs of iron supplesentution has been i.por-d- and the
hrpothesis that the inereass in hamoglobin valuss (provided there ig
an adeqaate or above requiremsntsa supoly of iron from any souros) is
dependent on the initial hasmoglodin level i.,e, iron nutritional status
of the subjeal has buen listed Ly thé caloulation of s regressimn
equation an’ the galeulation of a correlation coefflcoient, The detalls
of statistisal enalysis is given in Appendix V, |

Figire 5, indicates that the gorrelation between the ;
inorenents in hesmoglobin and tiwinitisl haemoglebin level wes go-d |
(» = 0.8) and is negative in character, irdicating that +ith higher 1
initial hesmogiobin lewel £ the sems smount of fron surplemeatation
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inorease in hascoglobin is of a sasller magnitude,
Qther Red Cell Iudicegs

The other indices were caloulated using haemoglobin level,
hasmotoorit and RBS to evaluate tha effect of iron supplementatim in
the hssmotologioal plcture,
Red.3lood Cell County

The mean inore:se in red blood ocell sound is given in the
Table XIV, The initial and final red blood scell count values are
given in ippendix VIIZ,

TABLE XIV
MEAN INITIAL ARD PIHAL, REO VALJRS OPF OHILDREN SNDIWD

N R S S S R S TS S S R R .

Jode Particulars abmut luneh Initial Pinal Mean
Increase

- e
Sy  School lunch + greens 4,0820.132 4.3320.147 2.3020.087
3p 3ohoal lunch ¢ Tonis 4,0520.,114 4,35120,1768 0,2620,283
Sy  3ehool lunch ¢ 3alt 8,74£7.156 3,85:0.188 0,2120,081
84 Basal Dist 3.35¢0,058 3,75¢0,082 0,22+0,208
0. Son sohnol lunsh 3.61:00’13 5.":0.110 0.13:0.009

The group 8y reselviag greans showed ths highest inoreage, in
the red blood oell count wvhile the group 0 vegisteved the lowest

inorease fin red Dlood cell sount, The grawps 94, 3y and Sy reglatored
similar inoreasn in rod hlood osll enunt dut 2 hisher increase than the

groun C,



Paghed 2l Yolaemes
The mean increase in pasked cell Valume is givaen in Table XV,

The initial and final record of pasked cell volume iy given in Appendix

1X,
TAE XV

MEAN IRITIAL AND PLNAL PCV VALUES OF CHILDRRA STIDID

Grap
code Particulars sbout lunoch Inistal 7imal Inorsane

89  School lunch ¢ greens 34.5 2 1,084 38,0 2 0,856 1.5 & 1,38

8p  School lunch ¢ Temie 51,8 £ 0.876 S5.7 £ 0,788 1,0 ¢ 1,864
85  9ohool lunch + 3al8 35,5 ¢ 1,008 34,8 & 0,857 1.5 ¢+ 0.898
S,  Basal Dist 55,7 & 2,120 34.5 ¢ 1,932 0.0 & 0,948
¢ Non school lunch 32,7 » 1,683 32.7 « 1,608 N1

Inorease in PCV valuss was shown ly the groups 3y, 3, 3y and 8,
and the maxisum inoresss wvas shown by zroup 33 « The group 3 ¢4 not
rogister any change in their PFCV walues,

Present study 35,4
Beaten and Meheary (19:4)14® 3.0

The P,0.V. values of the present study is 33.4 per cent vhich is
smparable with the standard set by Jelliffe (1968),
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HalalleCo Yndusar
The Mesn Coypuscular Hasmsoglobin Cmoentration values of the five
groups ealoulated using the hasmoglobin levels and PCV percentage is
given in Table X¥{
TAiLE IXVI
MEAN INITAL AND PINAL M,0.H,0, VALUES OF CHILDRESYSMIDIND
]

Groups
code rartioculars adbmut lunch Inital Tinal Ingresse

3;  3ohool lunch ¢ Jrens 50,9 ¢ 0,748 34,2 ¢ 0,620 3,3 ¢ 1,403

8  3ehool lunch + Tonis 55,2 » 1,571 35.3,s 1,186 2,1 ¢ 2,351
85  Sohoal lunch + Salt 51.9 ¢ 1,851 38,1 ¢ 2,229 4.2 ¢ 2,801
8‘ Basal Diet 51.9 ¢ 1,851 36,1 ¢ 2,220 4.2 ¢+ 2,801
s lion sshiol lunch §1.8 ¢ 1,547 35,5 ¢ 1,457 35,7 ¢ 2,167

The nomal values far the mean o rpusoular hesmeoslobin

conosntration veluss is 34 por cont snd the rangs is 352 por gent to

58 per cent (Hunter gt sl 1969)250, e meen initial and final M,0.H.C.
values of the children obtained in this study wsre 32,4 per cent and

35 par cent respectively both of wmhich are within the normal range,



TABLE XVIX
MEAN LNITIAL AKD FINAL M.0.H, VALJSS OF CHIDREN STUDIRD

Groups
code Partisulars about lunch Inttal Final Inorease

o

8y  Sohool lunch + Gresns 26,1 » 117D 28.1 s 0.0157 2,0 ¢ 1,218

Sg  dohool lunch ¢ Tomie 201 & 1,147 27,8 2 1,080 1,7 ¢ 1,442
85  Johool lunoh + alt 2.9 3 2,019 5122 1,600 5.3 ¢ 2.611
S,  Seeal Diet .32 LUT 825 s 1588 2.2 s 3,30
¢ o sahool lunch .7 3 1,626 50.0 4 5,202 2.2+ 1,565

The {aitial and final mean Corpusdular hremgglobin valuss of this
study were 27,6 mg. aend 3.1 Bg. res eatively whish sre aomparsble
with the normal values suggestod by Runler et ol (1089)

MOV Yalaon:

The mean corpusoular wolume for all five groups calsulated wing

POV values and 180 vilues 1s givea in Teble XVIIL,



TASIE XVIIX

MEAN INITIA, AND PINAL W,C.V, VALUERS 0¥ CHILDREN 3 NDIED

Oroups
code artisular sbout lunch Inital

Pinal Inoreass
81 Salool lunch ¢ Jreens 84,9 ¢ 3,026 82,0 & 2,733 2,9 ¢ 2,408
8, Sohool lumch ¢ Tonis 78,6 + 1.856 78,8 ¢ 3,020 & 7,40
83  3School lunch ¢ Salt 89.2 & 5,570 88,8 ¢ 5,198 «0,6 & 8,155
8¢  tasal Diet 85,3 & 3.962 91,6 & 5,014 «3,7 28,1588
c Non school lunch 94,8 ¢ 7,083 88,5 ¢ 7,080 8,3 2 8,028

The mesn corpuscular volume sbtained in this study wes 88 cuble

misrons which {s eomparabls to with the nommal values suggested ly

t
Haner of o (1968),
CAiaiesl Sresinstions

The scores bbtained for eliniocal exsmination by individual children

in all the five groups ere given in ippendix X,

final seores sre given in Tadble XIX,

The mean initial and



TABLE XX
ISITIAL AMD PINAL SCORRS FOR SuLINISAL SXAMIEATION

Jode Particulems of school lunsh

Initial ?Lpﬁl Difference

83  Sehool lunch + Greens 85.5 87.8 2,8
S,  3ohool lunch ¢ Tonis 33.0 85,0 2.0
85  School lunch + Salt 80.0 8.2 1.2 ¢ 1,868
8,  Basal Dist 0.4 81.0 1,6 & 1,42
¢ Non Sonool lunch 80,0 8.1 1,18 1,283

e R ——

There wes @n inorease in the olinical scores for all the five
groups. The inorease was higher for groups 84 and Sg receiving greens
and tonlc, vhen owmpared to grouss Ss, s‘, and O,

Table XX presents the inoidence of deflolenay aymptoms in the
beginnin: an! end of ths study, The ineidenos of deft dency symptoms
hag deorsased in all the groups but 8o a great extest in the groups
receiviag iron susplemsat. This may be dus to the overall effeot of the
sdequate mounts of all the mutrients received from the whole dey's diet,



o % »” 72 o " 6 2] £ 1 4
S - X 1 g - 1 - - #maed juspuedep WO wmeRC
I s - 4 - e - - - - BE0QLICQOS TeTORICSUY
- 3 - e - 4 - T. - - peUSTRTEIp NHIOTISNTS TIRS
9 é 8 1T 3 144 ¥ A 41 9 a Lo S0
F S - & - 3 - T - - syun® Juypeots
8 134 9 11 S (¢34 ] ot 4 (3] ¢ STITIeN0q8 Js NS uy
g <
1 2 - -3 - - - 1 - - ﬁ..gh \
4c7) spiYodo Jo SICTNOIITO]
IT 11 o 14 ¢ 3 ) 24 9 8 é 14 socde
I FSUWICO JO WOTPNE IR [TOSEL
8 a é 1 9 (419 4 8 T g SBUICD JO 8T E0XEY
4 r T ¥ 4 e k . ) § e 4 WOTISRIIGEST GAISECOXe AIOTSA
TEWHSEYC
T 1 L} €T ) F 48 ] 4 4

| 8 (371718) maTjommf{uco Jo sysoIex

oz EFuju fUg 3wqu pug Suyu  puy Jutu P 2utu
~uileg ~uileg “aydop syl ~uyBeg

.
% Jequny (5) 3w aequg(Pg) 3w Jeqemy(Sg) v Jequag(dg) v seqmmy (Tg)
" ;

SPLED SAL47HL AT SWOLIMAE: K ORIIOTEQ & 5 INSQLONT
3 TRw



Ve SUMMARY AND CONCLUS ION

The comparison of the sontribution of iron Yy n-‘:mthu flavus,
collofidal iron and iron salt as daily supplements in a sohool lumsh
prograeme was studied ever a period of six months, Pive groups of
18 schoal children each, comparadle in height, weight, age soscio
sconcmie beokground and feedom from hookworm infestation and hassoglobin
lfnl ware selected,

The detalls of 7rouping were as followssw

8, = 3chool lunch ¢+ amaranthus flawvus
2 - School lunsh ¢ Colliren (Iren tonie)
s = Sohoal lunah fron Salt
s - 3chool lunsh )

¢ « Nom school lunch group

Indices such as height, weight, hasmoglodbin lewvels, red blood
cell ocount pasked cell volume, were used to evaluate the matritional
status,
~ The finfings of the study revealed thats
1. The mean incroase in height and weight were stplﬁca‘nw greater
for all the four groups 8;, 8y, Sg and 84 receiving school lunch than
that registered by the group G, receiving home lunch only, The
group higheat inoreese was registered by the group S; receiving smaranth
supplement followed by the groaup 3 reseivng iron tonis,

2, The mean inorease in weighta for group 31 receiving smaranth wvas

signifioently higher at 0,01 level when campared to the group Sy and 8.



3. The mutriont intake as determined Yy the direct analysis of the

vhole days diet for all the groups, was highest for the group 8 with

mmaranth followsd by group Sg with iron tonis, These higher mutrients ‘
wore correlatad with sigificantly higher inoreasos in height and

weight for these groups.

4, Children in all the four groms nanely 34, Sp, Sg and 84 receiving

sehool lunch ruglstered a hifhey inaresse in hasmoglovin in emparison

vith those who were on hame diet (droup 0), The highest increase wes
registered by ohildren in group 3y» receiving ssarenth, those in

group Sg on iron tonlo coaing next, The inoreased intake of iran
through the su:plements had thus influenced the hasmegiobin levels,

Although both the groips 81 ad s2 receivéd the same quantity of iren
thyou th susplementatisn, the increase is greater in the cage of amaranth
perhapz due to the nrasense of other hemopoietio nutrients such as
saloium and asoordio acid, '

5, The correlation hotw;on the vm?nutn in hasagiglodin lewel and

the initial heemnglobin level vas good, ( r = 0,8) and nezative

in character, indlcating tha® with a hizher initial hasmoglobin lewel
for the sane amocunt of iron supplementation, {ncrease in hasmoglobin

is offudler nagnitude,

6. The R8C cound and PCV had incressed in all the groips receiving

sshool lunsh and not in the grwup on home lunch,
7. The nutritional status of the children as judged by the clinical "

soores wes higher for group 84 and Sp supplemented with smeranth and
iron tonic respestively followsd Wy oroup s8 receiving sohool lunch wvith

fron salt and s‘ on sonool lunoh omly,



From all engles this study has brought out the superior

supplementing quality of -%-nth % & souree of ivon to the ‘
school lunch., Mis finding deserves asplication im all the mutritional
feoding efforts for children and other wulnerable gro:ps in ANP and i
other scmposite progremmes., | . ﬂ
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APPENDIX I
NITRIZNTS SUPPLIRD & THE WS¥KLY MENU

Deys Food stuffs imount ries tein ocium Iron Vit.A Vit B VieC -

ms ms ;s =Rs I.u, mmus Lt
)
Mond gy Balgar wheat 75 267,00 6,186 27,75 3,675 - 0,56860 -
Pappays 20 6.3 0.12 S.4 0,10 222,0 0,070 3.0
Skim wilk
Jaggery 10 8.0 004 8.9 1.,1¢ ‘.3‘ 0.00%20 -
Ce3eM, 20 7.0 S5.77 24,8 0,781 51,00 0,787 0,08
Mmi 10 90.9 - - - - - -
Total 5688,0 17.78 165,08 7.28 951,86 Oom 35.85
Tassdsy  Riece(purboiled
Red gramdhal 20 8.0 4.48 14,86 1,18 44,0 00,0000 -
Carrot 2N 19,0 0.18 16,0 0.44 330.,0 0,0080 0.80
Panpays 2 8,0 0.12 S.4 0.10 202,00 02,0840 .20
Skim ailk
powder ) 18,0 1.90 68,8 0,007 0,0280 1,20
J “pﬂ 10 ”.0 0.0‘ B.O t. 1‘ ‘. “ 0.0020 -
Cu3Me 20 72.0 38.77 24,8 0,781 51,00 0,9967 0,08
'l'otll 50 0 lso’o? 1‘2.05 6-“ ’51. 88 0.403! 35.85
Thursdsy Rice(Pardolled
Wd) 75 259.0 ‘03 6.” 5.0 - 0. ”15 -
Redgramdhal 20 87.0 4.48 14,6 1.8 4,0 02,0800 -
Carrot 20 10,0 0,18 18.0 0.44 83,0 0,0080 0,80
Pappays 20 8.0 0.12 5.4 2.10 22,0 0,020 M,20
Skis milk
powder ] 18.0 1.90 688.3 0,007 0,020 1,920
Jagaery 19 3.0 0.40 8,0 1.14 4.06 0.2020 -
G.3.M, 20 72,0 8,77 24,8 0,761 51,00 0,0967 0,08
Al 10 ©0.0 - - - - - -
Lime § 2.0 - - - - - -
Tatal 562,0 18,27 142,06 6,808 951,86 0.,4032 37.48

W )



APPIIDIX EI°

SRI AVINASHILINGAM HOMZ 30LAMGE OOiii0E

COMMBATORE, 11
schedule fop Glinigal Assesment
Date of Survey: Serial Humber of
o the famlly s / 7
Eme; Sexy Ages
Heights deights Slood pressure:

Hip width (inter oristal):
I  Osoeral Acgescsnee:
4  Good

3 Palr

] Poor

1 Vexy poor
IT. Sysa:

A. Isrouis of Jonjupetive;
4. Adsant -« gliastening and molst

3. 5lightly dry ou oxposure for § munute lask o..t lustre.
2., Conjunctivs very dwy

1. 3tot spots present,

3. Dimeatation

4. BRormal colour

3. 3light discolouration

2. Moderate orowning in patches

1. Jevere sarthy discolouration

8. Diggh

4. Absent



L
4.

2,
L.

4.
8,
2.
1.

Vatery, sxcessive lashuymation
Mioropurulent

Puruleat '
Ssxcais of Comnesy

Absent

Slight dryness and dininished sensibilily
Hesiness and diminished transparengy
Ulceration

y t1

Absent

Vescuiarisstion pressat

Severe vasoularisati{on present

Sewre

Sxeiils Bxeoriqtions
Abscnt

S1ight xeoriation
Alopharitis

Severe

Tollioulogim

Absent

A fev gramules

Lids coversd vith exteusive granules
Hyper troply

—m = _w e L rmem




11,

4.
s.
2.
1.

&

de

LA RT

Moderate

SBVETI

Bouthe

A,

4.
S.
2.

1.

3.

4,
.
2,
1.

c.
4.
s,
2,
i.

sandition of Liag:

Rormal

Angular stomatitis, mild
Angular stematitis, noderate

Angilar stomatitis, seweve,

Galaar of Tenmeet

Homul

Pale but not coated
Ned
Red and rav

Ulosred
Glaszed and atropile




1w,

D,
4.

2,
1.

¢
5.
2,

r.
4,
s.
2,

1.

2,
1.

Nomal

Aloeding and/or gzingivities
"yorrhea

Rettaoted

Joeths

Flourosis

Chalky testh

Pitting of taeth

Mottled enabmel and dissoloured testh

Gartess
Absent
3leght
Hoderate

Abamnt
3dight
¥lgrate

Severe

Hadr

4.
8.
L
1.

Normal

Less of lustre
Disscloured and dry
Sparess and orittle




V.

vi.

vil,

Skin:
A,
'
8.
2,
L.

O

2o
1.

Qeasral Aopasrangey

Normal

Loss of lustre

Dry end rough or aragy pawesent
Hyéorbnio.h, phrynoderma

Bleatioltys
Eommal

Dininighed
wrinkled

ssversly wrinkled

Erass

4.
8,
2.

1.

Sormal
Nascladial seborrhoes

Jymeetrioal-sub-orbital
Plgrontation

edena,

s
3,
2,
L

Aayms

Ood;n on dependents parte
Osdena on face

Jeneral csdens



VIII.  Alimentary systes:

A,
4.
3.
2,

1.

Aapetite:

Homal

Anorexia mild

Moderate

Jevere
Ratbing
Sxoellent;
Very goods
Goody
Palrs
O0rs

67



APPRIDIX IIX

PROTRIN, IRON, CALCIUM AMD ASCORBIC ACID INTAKE OF RANDOMLY

8%LEC TRD CHILDREN
(ARALYSYD VALUR P HXN: DIVY)

P

ped



PROTEIN INTAK: OF THE RANDOMLY SRLROTD
CHILDRER IK FPIVE GROUPS

L L e ———— -
81 82 8, 8‘ ")
———
1. 27.98 24,68 16,00 15,16 18,80
| 2, 3.4 28,42 34,32 18,84 18,98
s, 20,04 28,7 28,58 16,9 23,62
4. 24,07 38,47 20.17 8.6 23,80
8. 33.80 20,72 17.40 22,3 19,62
Average 20.62 27.45 25,48 18,28 21,84




a9

P

IRON INTAXKE OF THE RAKDOMLY SELECTED GH(LDRZH
In PIVE GROUPS

GroOuPS
8.No, e
8 Sg 33 Se e

1. 11,80 0,44 4.08 8,89 11,28
2. | 8.10 7.28 12,37 6.50 8.94
. 16,10 14,40 8.20 8.72 8.78
40 8.50 3.2 7.63 5,78 9.77
8. 19.80 B.44 8,00 8.80 8.43
Average 11.40 10.54 7.85 8.47 9.43

Ed -
Lo



TABLE

CALCIM INTAKE OF TH: RADOMLY SAUECTD
OHLIDREN IN FIVE GROUPS

. ,

GROUPS
S0, .
8y 8¢ 8g 8¢ c
1. 0.748 0.908  0.512 00140 0.628
2. 0.228 0.168 0.141 0.158 0,340
. ‘0.118 0.146 0.125 0.210 0,567
4. . 0.340 0.290 0.180 0.201 0.265
8, 0,666 0.002 0.104 0.148 0.432
Average 0.419 0.518 0.228 0.178 0.429
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A307RII0 ACID LEDAX: OF THE RAND'MLY SELEC T
' CHILDREN IN FIVE JROUPS .

e e b by mae s ee ey i e,

GROUPS S e
S.H8o, - SRR
3‘ 89 3g Se c .

1. 6.5 4.9 8.8 4.8 7.4
2. 7.4 5.2 5.8 5.8 5.2
8. 6.4 8.8 4.9 B 4.8
4. 59 5.7 5.5 8.2 6.9
S. 6.8 6.1 5.7 4.9 5.8

Aversge 8.6 8.7 5.4 5.2 5.9

S Rl STeNE " Talm=l =



APPENDIX IV
PFRBEINTLY HEIGHT ARSORD O CHLDAENY IN PIVE GROUPS
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APPENDIX Y-
ANALYSIS OF VARIANGE AND NN CHMOGONAL COMMARISGN - xi
ARy observed values is the sum of three partsse K“'\
Y
1)  an overeall mean, AN

i1) & treatasnt deviatien :
111) s randoa elessnt from a normally distribeted with mean and

stendard deviation,
®,

The followving table shows a aymbolic table of date for p grouns
vith a data in each group:

Jroap I Group II Group III
x 7y 141
2 T P2

a Ltens n items n itens

lotal munmber of data Py = n

The selsalatieon snd snalysis of variance am showmn in the
following table:

VaristioLn s grecs of Sum of
due freodon dquares Mean square Variance Ratio
Total | IS | (e) - -
Among iean P el (5) 7 ]
Within Group E-Pa=



N fum of all datea 5x ® x4~ yq « Py =8 ‘

2 Sum of aquares 3x° = x§ -y . P}

s. Correction term G = 32/n ' - \\‘

4. Total sum of sguares 3a% - C _ \.\

8. Anongnmxf-yi.?f/n-o ' : - \

6. within mean Lqne 4 - iine [ . e \

7. Among mean, mesn square line 8/(P - 1) N o \\‘

8. Within grouns line 6/(n = P) - :
Be Item 7/Itu .}
The aralysis of varisnce and non orthogonal oogparison among the

mean vas done sczording to Medel I,

Snede o, G.w. , Bdratulical Jeelhods .
ALLiod ?OCCJ/.‘C_ Porivate L1p, <BOmbo—7, 1?6 .




APRIDIX ¥

| GAOHGATINN OF STAEDARD TRROR
The semple standar” erro is sympolised hy S% and (it is
egial to 8 wvhere 3 i3 staniard deviation of the mean, n is

/n
the number of obseswstions. Standard error wvas caloulated ag followe:

Standayd earys = Sx ® 38

/s

Por exmeple:
§.no, = a?

1. 11,0 1021.00
2, 10,81 | 118,61
3. 12.81 117,28
4. 11,12 125,21
be 0.7 114, ®
8. 9.71 94,09
Te 11,18 125,21
a' 9.50 90.25

e [ 9 Qw 90. ﬁ

19, 12,74 181,29
11, 11,82 127.69
n. 7.58 5?.76
18, 10.51 110,28
14, 12,04 144,00

15, 8.00 84,20
13, 8.60 75,80
17. B.80 98,01 .

1a, 10.71 114,00
Total 186,88 1%38.74
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/ Bd? « (R x 8 )%
(n-1)

ware n o 18
= Exi = 186,88
n 18

= 10,11

(mx1)2 = sum
R x 4% = 1938,74
Jbdng the acow formula

RN 32 a 1938.7¢ - 34450
R : 18

__ (18 - 1) - 17
.
. 8 = 2574 = 16108
. 2 1.2804
0.1808

§ = 0.,0801

8x » 0.0901
0.6877

Y.4524
= 0,29800
Mean & standard error = 10,51 ¢ 0,200
sased o3 this calsulation other standard errors wers calsulated

—_—————. mm — mma=m
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In the simple linear reg ressim situation it is postulated that
the relationship setween the !i snd Xy 18 of the forw

[ !1 sdeBX o o4

vhere the intarept d~ and the slooe B aro unknam sevemeters en Of are
randon variates from an univore with u = 0 and the variance o, [here
is in the regression content, a very important distinction bstween Y and X,
The variate X is regarded as being measared without “error® e, ite
standard deviation is sero, In fact, that Y; neesd hawe ao parent distridutim
in the statistical sense,

The investigator seslected subjects vith varions hassoglobin lewels

(X4) in the excerimentatisn and studidd their responss in ter~s of incresses

in hassoglobin level (X;) when the swme smount of iron supplementation wes
srovided,

In oontrast vith the X;  the !i are subject to rendom flustuation
Cyq whioh are assumed to arise from an universe vith sero mean,

The regression oompulations are erformod as followss-

It is worth noting that (a) the nunber of “date is the numbers
of pairs XiYy rather than the total number of entries (b) unlike 3%, or
st,?, SyY, omn have a negative sign indiosting that the regrossion lime
has a negative gradient

5 =54

83X = 583%.3

sx® = 8952,67

0Y = 82,56

SY? = 155,2708

SXY = 841,918



6 = (583.3)%/54 = 8878.7%

oY = (82,55)Y/5¢ = 126,300

ax: = 5932.67 - 5876.00 = 57.67

STT = 155,216 - 126, 3000 = 25,9708

oXy = (583,8) (82.58)/54 = 331,200

XX, = 841,916 = 861,200 = «19,3

ax = 10,48

W o= 1,59

d = «19,3/57.67 = <0.3547 = Szyy/8x§

& = 1,520 - (<0,3347) (10.45) = 5,020
= wy - bmx.

Yy = 5.920 - 0,387 X,

Saloulation of the corrolation coefficient
= 3K%¢// (ax} ) (s10)

= ~19.3//(57,87) (28.9708)

= <0,4726
T™he aorrelation co-efficient wvas used as a messure »f the

degres of assoolation between ; and X,
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